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Abstract: This study was to evaluate patterns of gene expression and promoter methylation of DR4 from periph-
eral circulating blood lymphocytes of AD patients and folate-deficiency medium cultured neuroblast cells, and also
expression levels of DNMT1, DNMT3a, and MECP2. Blood samples of 25 pairs of AD patients and age- and sex-
matched controls were collected. SH-SY5Y cells were cultured with folate-deficiency medium. Bisulfite cloning cou-
pled with sequencing was employed to analyze methylation levels of DR4 gene promoters, and quantitative real time
PCR (qRT-PCR) was used to detect gene expression levels of DR4, and also DNA methyltransferase 1 (DNMT1), DNA
methyltransferase 3a (DNMT3a) and methyl CpG binding protein 2 (MECP2). Folate concentration was calculated
in serum of blood samples. 3-(4,5-di-methylthiazol-2-yl)-2,5-diphenyl tetrazolium (MTT) assay was used to analyze
cell viability. The results showed that, the promoter of DR4 was hypomethylated in AD patients and cells cultured in
folate-deficiency medium and had site-specific changes (P < 0.05), and these sites were mostly at or nearby some
key transcription factor binding sites. Accordance with the hypomethylation, increased expression level of DR4 was
observed (P < 0.05). DNMT1 and DNMT3a mRNA level were elevated (P < 0.05) in AD patients and folate deficient
medium cultured cells compared with controls (P < 0.05), together with lower folate concentration in AD. MTT assay
showed that folate deficiency inhibited cell growth. In summary, folate deficiency can induce apoptosis by increasing
DR4 expression with DNA promoter hypomethylation in AD, together with upregulating DNMTs expression, which
may be associated with folate deficiency-induced DNA damage.
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Introduction amyloid B peptide (AB) deposition, tau hyper-
phosphorylation, and aberrant cell cycle con-
Alzheimer’s disease (AD) is a debilitating neuro- trol/apoptosis [1].

degenerative disease, which brings heavy bur-

den for the society. The pathology of AD is char-
acterized by senile plaques and neurofibrillary
tangles, combined with massive neuronal loss,
mainly in the hippocampus and association
regions of the neocortex. AD has complex etiol-
ogy and pathogenesis. Its cause is not clear yet
but known to encompass many genetic and
environmental risk factors, inflammation, oxi-
dative stress, energy metabolism, changes in
the expression of many genes, and up regula-
tion of multiple pathogenic pathways such as

The majority of cases of AD are sporadic, and
likely several genetic and environmental factors
contribute to their development. Reversible epi-
genetic alteration is expected to be a potential
mechanism for explaining unsolved phenome-
na beyond genetic association with sporadic
AD. Studies have established a link between
epigenetic changes and AD pathogenesis. One
of the most studied epigenetic modifications is
the change of methylation patterns of CpG rich
regions in the promoters of specific genes,
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Table 1. Characteristics of objects

ID (AD) Gender Age (Years) Time since Diagnosis

MMSE ID (Control)  Gender Age (Years)

Al Male 86 3 Years
A2 Male 84 2 Years
A3 Male 70 1 Year
A4 Female 79 3 Years
A5 Female 76 4 Years
A6 Female 82 1 Year
A7 Female 75 2 Years
A8 Female 69 4 Years
A9 Male 72 4 Years
A10 Female 66 8 Years
A1l Male 64 10 Months
Al12 Male 72 3 Years
A13 Female 80 3 Years
Al4 Female 77 1 Year
A15 Female 90 1 Year
Al6 Male 62 2 Years
Al7 Female 63 4 Years
A18 Male 71 7 Years
A19 Female 78 5 Years
A20 Female 86 3 Years
A21 Female 62 7 Months
A22 Female 61 4 Months
A23 Female 85 1 Year
A24 Female 86 3 Years
A25 Male 90 4 Years

18 Cc1 Male 86 28
11 Cc2 Male 84 28
13 C3 Male 70 30
14 c4 Female 79 29
3 C5 Female 76 30

3 C6 Female 82 28

C7 Female 75 30

7 Cc8 Female 69 30

13 C9 Male 72 30
7 C10 Female 66 30

2 C11 Male 64 30

6 C12 Male 72 30

9 C13 Female 80 28

12 c14 Female 77 28
15 C15 Female 90 27
5 C16 Male 62 30

13 c17 Female 63 30
8 C18 Male 71 30

10 Cc19 Female 78 29
3 C20 Female 86 27

2 Cc21 Female 62 30

10 Cc22 Female 61 30
16 Cc23 Female 85 27
5 c24 Female 86 27

2 C25 Male 90 27

which modifies gene expression by interfering
the binding between DNA and transcription fac-
tors, and then results in gene silencing (hyper-
methylation) or overexpression (hypomethyl-
ation) [2].

Folate metabolism, also known as one-carbon
metabolism, is required for the production of
S-adenosylmethionine (SAM), which is the
major DNA methylating agent. Studies have
indicated that folate values were reduced in the
plasma of AD individuals [3, 4]. Impaired folate
metabolism and subsequent reduction of SAM
levels might result in epigenetic modifications
of the promoters of AD-related genes leading to
increased AP peptide production. Studies per-
formed in mice and in neuronal cell cultures
indicated that the depletion of folate, respec-
tively from the diet or from the media, resulted
in epigenetic modifications of AD-related genes,
with a subsequent increased production of
Presenilin 1 (PS1), beta-site APP-cleaving en-
zyme 1 (BACE1), and AB fragments [5-8].
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DNA methyltransferase (Dnmt) 1, the enzyme
maintenancing DNA methylation, and Dnmt 3a,
who initiates DNA methylation de novo, coregu-
lated the methylation status of genes [9].
DNMT1 and components of the methyl-CpG
binding protein 2/methyl-CpG binding domain
protein (MECP2/MBD2) methylation complex
were significantly reduced in the entorhinal cor-
tex of AD subjects than in controls [10]. DNMT1,
3a and 3b were differently modulated, in
response to hypomethylating (folate and B vita-
min deficiency) and hypermethylating (S-ade-
nosyl-L-methionine supplementation) altera-
tions of the one-carbon metabolism in AD mod-
els, in line with the changes of PS1 methylation
pattern [11].

Efforts were made to determine aging- and
AD-related genome-wide methylation pattern
or module. Actually, some researchers have
chosen peripheral blood as their research
material, and the gene methylation pattern of
peripheral blood has been successfully
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Figure 1. The CpG islands prediction and sequence of the promoter of DR4. A. Two CpG islands were predicted with
the MethPrimer software in the promoter of DR4; B. Sequence of the promoter of DR4. Light gray shaded sequence:
CpG islands; Dark gray shaded: CpG sites; Framed: primers binding sites.

addressed [12, 13]. It should be noted that lym-
phocytes may be an important neural and
genetic probe in AD-related studies.

Death receptors 4 (DR4), also known as tumor
necrosis factor superfamily, member 10
(TNFSF10A), is activated by tumor necrosis fac-
tor-related apoptosis inducing ligand, (TRAIL)
and thus transduces cell death signal and
induces cell apoptosis [14]. DR4 has been
shown to mediate oligomeric AB-induced cere-
bral microvascular endothelial cell apoptosis
[15]. Aberrant promoter methylation and resul-
tant silencing of DR4 were reported in cancers,
strongly attenuating TRAIL- or DR4-mediated
apoptosis in cancers [16]. An inverse associa-
tion between cancer and AD has been found.
One possible explanation for this association is
that both diseases arise via malfunction of an
underlying common mechanism, which could
regulate the capability of the cells of switching
the cell machinery from a prone-to-death state
(AD phenotype) to a prone-to-survive/grow
state (cancer phenotype). Genetic polymor-
phisms or variance in their DNA methylation
could explain such opposing effects [17, 18].

To date little is known about the relevance of
this epigenetic modification in AD. This work
was to evaluate the patterns of gene expres-
sion and promoter methylation of DR4 from
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peripheral circulating blood lymphocytes of AD
patients and folate-deficiency medium cultured
neuroblast cells, and also expression levels of
DNMT41, DNMT3a, and MECP2.

Materials and methods
Cell culture

Human SH-SY5Y neuroblastoma cells were cul-
tured in Dulbecco’s Modified Eagle’s Medium
(DMEM) without folate (Cat# D2429, Sigma,
Yorba Linda, California, USA), supplemented
with folate with different final folate concentra-
tions (normal DMEM contains folate with con-
centrations as 4 ug/ml), complemented with
1xNon Essential amino acids, 1 mM Sodium
Pyruvate, 1.5 g/L Sodium bicarbonate, and
10% fetal bovine serum and incubated in 5%
CO2 at 37°C. Cultures were re-fed every sec-
ond day. All assays were repeated at least three
times.

Cell viability assay

Cell viability of SH-SY5Y cells was evaluated by
the 3-(4,5-di-methylthiazol-2-yl)-2,5-diphenyl te-
trazolium (MTT) assay. MTT was purchased
from Sigma. Briefly, cells after incubation for
specified times were plated in 96-well plates
containing different mediums (supplemented
with folate concentration O ug/ml, 1 ug/ml, 4
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Table 2. Oligonucleotide sequences for qRT-
PCR
Gene Primer sequence

F: TGCGCAGAAAACAAGATGAG

B-Actin R: CACCTTCACCGTTCCAGTTT
R4 F: CATGTCAGTGCAAACCAGGAA
R: CGATGTCACTCCAGGGCGTA
ONMTL F: GAGCTACCACGCAGACATCA
R: CGAGGAAGTAGAAGCGGTTG
F: CCGGAACATTGAGGACATCT
DNMT3a R: CAGCAGATGGTGCAGTAGGA
VeCP2 F: CCCCACCCTGCCTGAA

R: GATGTGTCGCCTACCTTTTCG

ug/ml, 8 ug/ml, and 16 ug/ml, respectively)
and incubated for 24 h, and 10 ul of the MTT
solution (5 mg/mL) was added to each well and
went on with incubation for 4 hour at 37°C in
incubator. After removing the supernatant, the
cells were added with 100 uL DMSO each well
for shaking for 15 min on a microtiter plate
shaker. The absorbance was measured at 570
nm using a microplate reader (Thermo, MUL-
TISKAN MK3, USA). All experiments were
repeated 3 times. The viability ratio was calcu-
lated as follow: viability% = (ODnegative-ODsa-
mple) / (ODcontrol-ODblank) x 100%.

Patients and controls

All procedures were done in accordance with
the Declaration of Helsinki and approved by the
institutional reviewing board of the Second
Hospital of Shandong University. A written con-
sent form was obtained from every participant
signed by self or caregiver. Sporadic AD patients
were diagnosed and recruited based on the
American Psychiatric Association “Diagnostic
and Statistical Manual of Mental Disorders,
Fourth Edition, the diagnostic criteria of the
DSM-IV-R” standards for dementia and National
Institute of Neurological and Communicative
Diseases and Stroke; Alzheimer Disease and
Related Disorders Association, NINCDS-ADRDA
diagnostic criteria for likely AD.

Inclusion criteria: 1) more than 60-year-old
men or postmenopausal women; 2) meet the
DSM-IV-R diagnosis standards of dementia; 3)
meet the NINCDS-ADRDA diagnostic criteria for
possible or likely AD; 4) no family history of AD
or other genetic disease; 5) the subjects or
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their caregivers voluntarily agreed to partici-
pate in the trial and signed the informed con-
sent form.

Exclusion criteria: 1) not greater than 60 years
of age; 2) the family history of dementia or
other genetic diseases; 3) patients with
Hamilton Depression Scale (HAMD) > 15 with
obvious symptoms of depression or Hachinski
Ischemic score > 7 with vascular dementia; 4)
patients suffering from other diseases or their
control siblings suffering from other diseases;
5) the patients or their families do not agree to
participate. The controls were same age, same
sex, and non-dementia healthy subjects (see
Table 1 for detailed information). Mini-Mental
State Examination (MMSE) was calculated and
fasting blood samples were intravenously
drawn.

Bisulfite sequencing PCR

Cell cultures were stopped after 144 h for
methylation assays. Genomic DNA from blood
lymphocytes and SH-SY5Y cells were extracted
using Qiagen (Hilden, Mettmann, Germany)
DNeasy Blood & Tissue Kit (Cat# 69504)
according to manufacturer’s instruction. About
2 pg DNA was transferred into an Eppendorf
tube and diluted to 50 pL with ddH20, then
mixed with 5.5 uL of freshly prepared 3 M NaOH
and incubated at 42°C for 30 min before mixed
with 30 yL of 10 mM hydroquinone and 520 pL
Of 3.6 M sodium bisulfate and incubated in
dark at 50°C for 16 hours. Treated DNA was
purified with kit from Sangon Biotech (Shanghai,
China, Cat# SK1261). Briefly, 300 uL of binding
solution (6 M guanidine hydrochloride) was
mixed with reaction mixture and transferred
into UNIQ column. Stand at room temperature
for 2 min before centrifugation at 8000 rpm for
1 min. Wash twice with 650 uL of washing buf-
fer with an additional centrifugation at 12000
rom for 1 min. Then DNA was eluted with 50 uL
ddH,0.

We got the gene sequence in the Ensembl data-
base online (http://www.ensembl.org). The CpG
islands of the promoter of DR4, 600 bp
upstream of transcription start site, were pre-
dicted with the MethPrimer software online
(http://www.urogene.org/cgi-bin/methprimer),
with the indexes set as, criteria used: island
size > 100, GC Percent > 50.0, Obs/Exp > 0.6.
Two CpG islands were found in the promoter
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(RT) was performed in a total
volume of 20 pL using Prime-
ScriptTM RT reagent Kit With
gDNA Eraser (TaKaRa Bio.Inc.,
Dalian, China). 2.0 ul of 5 x
¢DNA Eraser Buffer, 1.0 L of
¢DNA Eraser, total RNA (1.0 pg)
were combined in a PCR reac-
tion tube, and RNase-free water
was added to make up the final
volume to 10 uL. The RNA was

24h 48h 96h

144h denatured at 42°C for 2 min and
then at 4°C for 30 sec. And then

Figure 2. Cell viability examination by MTT assay in SH-SY5Y cells, which 4.0 yL of 5 x PrimeScript Buffer
was administrated various concentration of folate for 144 h (A)and folate O 2 (for real time), 1.0 pl of

ug/ml for various times (B). *P < 0.05, N-3.

sequence. Island 1 is from 155 bp to 334 bp
with the size of 180 bp, including 9 CpG sites.
And Island 2 is from 360 bp to 541 bp with the
size of 182 bp with 13 CpG sites (Figure 1A,
1B). Target sequences including these two
islands were sequenced.

The sequences were PCR amplified with gene-
specific primer pairs (F: TATTTAGGAGGTTGA-
GGTAGGA; R: AACTAACCCTAAACTTCCTTCC, Pro-
duct 435 bp) using bisulfite-treated genomic
DNA as templates.

PCR products were cleared and cloned into
PUCmM-T vector and sequenced with M13 prim-
ers. Five clones of each sample were sequ-
enced.

Transcription factor binding sites searching

The TFSEARCH: Searching Transcription Factor
Binding Sites (ver 1.3) software online (http://
www.cbrc.jp/research/db/TFSEARCH.html)
was used to search transcription factor binding
sites in the target fragments including the CpG
sites, searching highly correlated sequence
fragments versus TFMATRIX transcription fac-
tor binding site profile database. The threshold
was set as 80.0 point.
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PrimeScript RT Enzyme Mix |

and 1.0 pl of RT Primer Mix were
added, and RNase-free water was added to
make up the final volume to 20 pL. The mixture
was incubated at 37°C for 15 min, 85°C for 5
sec and then at 4°C for 30 sec.

The expression levels of DR4, DNMT1, DNMT3a
and MECP2 were analyzed by quantitative real-
time PCR (see Table 2 for primer sequences) on
an ABI Prism 7500 HT sequence detection sys-
tem (Applied Biosystems, Foster, California,
USA). The primers were synthesized by TaKaRa
Bio.Inc. Each reaction contained 5 pL of the 2 x
SYBR® Premix Ex Tag™ II.

0.4 L of 10 ymol/L each primer pair, 2 uL of
template cDNA from the RT reaction and
RNase-free water was added to make up the
final volume to 10 uL. PCR conditions included
a denaturing cycle at 95°C for 30 s, then fol-
lowed by 45 cycles of 95°C for 5's, 60°C for 30
s. Melting analysis was performed as 95°C for
15 s, 60°C for 30 s, and then 95°C for 15 s.
After the reaction, PCR products were visual-
ized on a 1.5% agarose-ethidium bromide gel
under UV light.

Folate concentration of blood samples

Serum was separated from each blood sample
immediately after drawn, and serum folate con-
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Figure 3. DR4 promoter methylation in SH-SY5Y cell lines cultured in different mediums. A. DNA methylation assay
results of DR4 promoter. The sequences including the framed CpG sites were shown in Figure 2B. Solid circles
indicate methylated CpG sites, and hollow circle nonmethylated. “Folate-" labels indicate cells cultured in medium
supplemented with folate concentration O ug/ml, and “normal” labels folate concentration 4 pug/ml; B. Sequences
of the 12" and 13" CpG sites of CpG island 2. They are both unmethylated in folate deficient cells and methylated in
normal cells; C. Overall methylation % of CpG sites in CpG island 1, CpG island 2, and both islands in the promoter
of DR4. *P < 0.05; **P < 0.01; N=3; D. CpG methylation pattern of each CpG site of DR4 promoter in CpG island 1.
The methylation rate of the 6™ CpG site is lower in folate deficient cells than that in normal cells (P < 0.05); E. CpG
methylation pattern of each CpG site of DR4 promoter in CpG island 2. The methylation rates of the 5™, 8™, 9t 10%,
and 13" CpG site are lower in folate deficient cells than those in normal cells (P < 0.05); F. Results of search tran-
scription factor binding sites using TFSEARCH software in fragments including target CpG sites.

centration was measured by photochemical was required to be < 0.05 to be considered sig-
method on automated chemiluminescence im- nificant. Asterisks in figures evidence the statis-
munoassay system (Beckman Access, Fuller- tically significant differences; differences lack-
ton, California, USA). ing of remarks are to be considered non-
significant
Statistical analysis
Results
The data were analyzed using the SPSS statisti-
cal package (SPSS, version 13.0). Paired t-test Folate deficiency inhibits the growth of SH-
was used to compare the clinical data to iden- SY5Y cells
tify sites with statistically significant difference
between AD patients and paired normal con- We examined the effect of folate deficiency on
trols. For the data of cultured cells, t-test was the viability of SH-SY5Y cells by MTT assay, and
used. Values presented are meansztse. P-value we observed both folate deficiency and folate
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Figure 4. DR4 promoter methylation in AD patients and normal controls. A. DNA methylation assay results of DR4
promoter of AD patient (A1) and control (C1). The sequences of framed CpG sites are shown in Figure 3B; B. Se-
quences of the 15t and 2™ CpG sites of CpG island 1. The 1%t site is unmethylated in A1 and methylated in C1, and
the 2" site is unmethylated in both subjects; C. Overall methylation % of CpG sites in CpG island 1, CpG island 2,
and both islands in the promoter of DR4. *P < 0.05; N=25; D. CpG methylation pattern of each CpG site of DR4
promoter in CpG island 1. The methylation rates of the 1% CpG site is lower in AD patients than that in controls (P <
0.05); E. CpG methylation pattern of each CpG site of DR4 promoter in CpG island 2. The methylation rates of the
15t and 13" CpG site of the second island are lower in AD patients than those in controls (P < 0.05); F. TFSEARCH
results of the fragment including the 1t and 13" CpG site of the second island.

overdose inhibited the growth of SH-SY5Y cells.
As shown in Figure 2A, 2B, cell viability was sig-
nificantly decreased cultured in medium added
with folate O pg/ml, 1 ug/ml, and 16 pg/ml for
144 h than that in medium with folate 4 ug/ml,
and cell growth was remarkably inhibited in
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medium added with folate O ug/ml after treat-
ment for 144 h. It is suggested that both folate
deficiency and overdose inhibit cell growth as
compared with the control, and folate deficien-
cy induced inhibition of cell growth is
time-dependently.

Int J Clin Exp Med 2014;7(8):1945-1957
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and folate concentrations in clinical subjects (C). *P < 0.05; cells, N=3; clinical subjects, N=25.

So we set cells cultured in medium with folate
concentration O ug/ml as folate-deficiency
group (folate-), and 4 pg/ml as normal group for
next methylation assays (cultured after 144 h)
and gene expression analyses (cultured after
168 h).

DNA hypomethylation of the promoter of DR4
in cells cultured with folate deficient medium

Two CpG islands located between -445 to -266
bp (numbered from the first base of exon 1) and
-240 to -59 bp upstream of transcription start
site of the promoter of DR4 were analyzed, and
there were 9 CpG sites in CpG island 1, and 13
sites in CpG island 2. (Figure 1).

Figure 3 shows the DNA methylation status of
DR4 promoter in cultured cells. These data evi-
dence that, cells cultured with folate deficient
medium showed a trend of hypomethylation
than that in control medium (Figure 3A and
3B).

Total methylation rate was 48.33+1.97% in
folate deficient cells and 73.94+3.49% in nor-
mal controls (P < 0.05). The first CpG island
was methylated in samples with a methylation
rate of 88.89+3.39% in folate deficient cells
and 82.96+5.19% in normal controls (P > 0.05),
while the second CpG island with a methylation
rate of 24.10+6.55% in folate deficient cells
and 63.59+5.19% in normal controls (P < 0.05)
(Figure 3C).

Analysis of methylation status of each CpG site
evidences some important differences in spa-
tial methylation pattern in DR4 promoter. The
methylation rates of the 6" CpG site of the first
island (Figure 3D), and also the 8™, 9", 10*" and
13" CpG sites of the second island (Figure 3E)
were lower in the folate deficient cells than
those in normal cells (P < 0.05).
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And then we used the TFSEARCH software
online to search transcription factor binding
sites in those fragments including those CpG
sites respectively. We found that the fragment
including the 8", 9" and 10" CpG site of the
second island was the binding sites of tran-
scription factor GATA1, GATA2, v-yes-1
Yamaguchi sarcoma viral oncogene homolog
pseudogene (SYR), upstream transcription fac-
tor (USF), v-myb avian myeloblastosis viral
oncogene homolog (v-Myb) and v-myc avian
myelocytomatosis viral oncogene neuroblasto-
ma derived homolog (N-myc), and the fragment
including the 13" CpG site of the second island
was the binding sites of cellular E26 transfor-
mation-specific (c-Ets), and Ether-a-go-go-like
potassium 1 (Elk1).

DNA hypomethylation of the promoter of DR4
in AD Patients

Blood plasma samples from 25 AD patients
and 25 age- and sex- matched elderly normal
controls were collected. The mean age was
75.4449.10 years, and the male-to-female
ratio was 1:1.8 in both groups. Time since diag-
nosis of AD patients 3.11+2.36 years. MMSE
was 8.64+4.71 in AD patients and 28.9+1.26
in normal controls (P < 0.05).

Figure 4 shows the DNA methylation status of
DR4 promoter in AD patients and controls.
Figure 4A showed the DNA methylation status
of A1 and C1. Figure 4B shows the sequence
including the 1%t and 2" CpG sites of island 1.

The methylation rate was lower in AD patients
than that in normal controls (0.87+0.30% vs.
2.18+0.41%, P < 0.05) in total CpG sites, and it
was also lower in the first CpG island (methyla-
tion rate 2.04+0.71% in AD patients and
4.44+0.93% in normal controls, P < 0.05).
However, no significant difference of methyla-
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Figure 6. DNMT1, DNMT3a, and MECP2 expressions by qRT-PCR analyses.
DNMT1, DNMT3a, and MECP2 mRNA expression in clinical subjects (A) and cell

MECP2

cultures (B). *P < 0.05; cells, N=3; clinical subjects, N=25.

tion rate was found in the second CpG island
(0.13£0.12% vs. 0.62+0.25%, P > 0.05) (Figure
4C).

Analysis of methylation status of each CpG site
evidences that he methylation rates of the 1%
CpG site of the first island, (Figure 4D) and also
the 1%t and 13™ CpG site of the second island
(Figure 4E) were lower in AD patients than
those in normal controls (P < 0.05).

And TFSEARCH software showed that the frag-
ment including the 1%t CpG site of the second
island was nearby the binding sites of transcrip-
tion factor Lymphoid transcription factor 1
(Lyf1), and 13" CpG site was nearby the binding
sites of c-Ets, and Elk1 (Figure 4F).

Overexpression of DR4 in cells cutured with
folate deficient medium and AD patients and
by qRT-PCR

Gene expression analyses by gRT-PCR evi-
denced the overexpression of DR4 in AD
patients and folate-deficiency cells. Figure 5A
shows DR4 expression in human SH-SY5Y cells
cultured in different conditions, DR4 expres-
sion level significantly increased in folate defi-

1953

cient cells comparing to
that of normal controls (P <
0.01). The expression level
of DR4 in AD patients was
about 1.5 folds higher than
that of controls (P < 0.05)
(Figure 5B). Folate concen-
tration in AD patients was
8.92+1.12 ng/ml, and
14.09+1.11 ng/ml in con-
trols (P < 0.01) (Figure 5C).

[0 Normal

@ Folate-

DNMT1 and DNMT3a were
upregulated in cells cul-
tured with folate deficient

ON |
orma medium and AD patients

EAD

We used qRT-PCR analysis
to quantify the expression
levels of genes that encode
DNMT1, DNMT3a, and ME-
CP2. Expression of DNMT1
and DNMT3a both incre-
ased in cells cultured with
folate deficient medium
(Figure 6A) and also in AD
patients (Figure 6B) (P <
0.05); while expression of MECP2 showed no
differences neither in cells cultured with folate
deficient medium (Figure 6A), nor in AD patients
(Figure 6B) (P > 0.05).

Discussion

AD is an age-related progressive neurodegen-
erative disease resulting in dementia and
death. The vast majority of AD is late-onset
forms (LOAD) likely due to the interplay of envi-
ronmental influences and individual genetic
susceptibility. Epigenetic mechanisms, includ-
ing DNA methylation, histone modifications and
non-coding RNAs, constitute dynamic intracel-
lular processes for translating environmental
stimuli into modifications in gene expression
[19]. The change of DNA methylation status of
major AD risk genes has been detected in AD
patients and aged individuals. There are reports
on the relationship between AD and the expres-
sion and promoter methylation status of AD-risk
genes [20].

Increasing evidence supports interplay between
one-carbon metabolism and epigenetic modifi-
cations in the onset of AD. Studies in rodents
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suggested that dietary restriction of folate and
other B vitamins resulted in epigenetic modifi-
cations of AD related genes in the animal brains
[24]. Similarly, studies performed on human
neuronal cell cultures revealed that folate and
other B vitamins deprivation from the media
resulted in epigenetic modification of the
AD-risk genes [6]. There have been efforts to
develop a blood AD biomarker panel based on
DNA methylation [10, 22] and transcriptional
change [23, 24].

DR4 is a member of the TNF-receptor super-
family, transducing cell death signal and induc-
es cell apoptosis [14]. Evidence from literature
indicates that the DNA methylation-mediated
down-regulation of DR4 could be a significant
mechanism through which tumor cells avoid
apoptosis [9].

AD is a degenerative disease characterized by
massive neuronal loss in pathology, caused by
abnormal expression of apoptosis-related
genes. The apoptosis of neurons was thought
to be nonreversible, and this made AD difficult
to be cured [1]. As known to us, apoptosis can
be induced by folate deficiency [25]. Methylation
modification of some apoptosis-related genes
in AD may present some clues for the treat-
ment. DR4 has been shown to mediate oligo-
meric AB-induced cerebral cell apoptosis [15].
In present study, methylation patterns and
gene expression level of DR4 in leucocytes of
AD patients and cells cultured in folate defi-
cient medium were investigated. We found
that, in leucocytes of AD patients and folate
deficient cells, DR4 was hypomethylated, and
gRT-PCR analysis detected significant increase
of DR4 expression in AD blood samples and
also folate deficient cells, accordance with the
excessive apoptosis in AD. To our knowledge
data presented here about the role of methyla-
tion and expression of DR4 in AD is the first
who have dealt with this topic.

DNA methylation is initiated by de novo Dnmt3a
and 3b, which is propagated in the newly repli-
cated DNA strand by the maintenance Dnmtl
[26, 27]. Altered levels of Dnmts can cause
hyper- and hypo-methylation, which are associ-
ated with downregulating and reactivating gene
expression, respectively [28]. The increased
Dnmt-1 activity is associated with genome-wide
hypomethylation and regional hypermethyl-
ation in cytosine guanine dinucleotide islands

1954

of some disease risk genes [29]. DNMT1 and
DNMT3a have been shown to be required for
the methylation-induced silencing of genes of
members of the TNF-receptor superfamily,
death decoy receptors (DcR) 1 and 2 [9].

DNMTs have been shown to be modulated by
folate. However, the association between
DNMTs and folate status is controversial. Some
studies demonstrated that folate was associ-
ated with DNMT activation. Mandatory fortifica-
tion with folic acid was associated with
increased expression of Dnmtl in the cervix
[29]. Folate could decrease DNMTs activity and
induce proliferation of neural stem cells [30].
Folate supplementation could increase DNMT1
expression in jejunum of newborn intrauterine
growth retarded piglets [31]. And folate defi-
ciency downregulated DNMT3a and DNMT3b in
cultured SK-N-BE cells [11]. However, other
studies observed that Dnmtl and Dnmt3a
were upregulated in rats fed with folate- and
methyl-deficient diet [32]. And the levels of
DNMT1 and DNMT3a were upregulated by
dietary folate deficiency in mice during early
pregnancy [33].

Unexpectedly perhaps, more recent observa-
tions strongly suggest that DNMTs, particular
DNMT1, are directly involved in DNA damage
repair systems via what is likely to be a DNA-
methylation-independent mechanism [34-38].
Dnmt-1 has been shown to recognize and binds
with high affinity to DNA lesions such as base
mispairs, uracil, and other unusual DNA confor-
mations [39, 40]. And those DNA lesions are
thought to be present in AD. There have been
many studies on DNA damage and its role in
AD. DNA damage provokes apoptotic cell death
in terminally differentiated cells such as neu-
rons [41]. Disturbance in DNA damage and
repair leads to the accumulation of DNA dam-
age leading to the deleterious effects like neu-
rodegeneration in AD [42]. The DNA damage
can be caused by folate deficiency [43, 44].
Some studies showed that folate deficiency
exacerbated DNA damage induced by AB [45],
and impaired DNA repair in neurons, which sen-
sitized them to oxidative damage induced by AB
[46]. Biomarkers of DNA damage were also
found to be increased in the leukocytes of AD
patients [47, 48].

Present study demonstrated that DNMT1 and
DNMT3a were upregulated in AD patients, with
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lower folate concentration. And in cells cultured
with folate-deficient medium, we found that
DNMT1 and DNMT3a expression levels also
increased. We suppose that, elevated DNMTs
may be associated with DNA lesion induced by
folate deficiency.

In conclusion, reversible epigenetic alteration
is expected to be a potential mechanism for
explaining unsolved phenomena beyond genet-
ic association with sporadic AD. Our presented
results showed that DNA methylation levels of
DR4 in AD blood samples and also cells cul-
tured with folate-deficient medium changed in
a site-specific manner. The hypomethylation
and upregulated expression of DR4, together
with decreased folate concentration and ele-
vated DNMTs expression levels, exacerbate the
process of neurodegeneration in AD.
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