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Methylation in the TPS53 promoter is
associated with ischemic stroke
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Abstract. Cerebral ischemic stroke (IS) is a disease presenting
high morbidity and mortality rates worldwide. Understanding
of the pathogenesis underlying IS may facilitate the develop-
ment of effective clinical therapeutic strategies and improve
the prevention of this disease, decreasing its occurrence
rate. Epigenetic alterations have recently attracted attention
as possible mechanisms underlying IS. Additionally, tumor
protein p53 (TP53) was identified to be involved in the
pathophysiology of cerebral stroke. In the present study, the
methylation status of the TP53 promoter was investigated in
patients with IS and in age-matched healthy controls. The
methylation status of the promoter of TP53 was significantly
increased in patients with IS compared with healthy subjects.
Additionally, the methylation level of the TP53 promoter was
identified to be associated with carotid intima-media thickness,
the degree of carotid atherosclerosis and the circulating levels
of homocysteine in peripheral blood. The present findings
may improve the understanding of the role of the epigenetic
modifications of the TP53 promoter in IS pathogenesis.

Introduction

Cerebral ischemic stroke (IS), also known as cerebral
infarction (CI), is an ischemic event caused by insufficient
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blood supply to brain tissues. Following an ischemic event,
brain function may decrease within 60-90 sec, and cerebral
ischemia may cause irreversible damage if untreated (1).
Understanding of the pathogenesis of IS is required to develop
multifactorial prevention strategies and novel therapeutic
treatments in order to decrease the incidence and recurrence
rates of IS.

Epigenetic alterations have been identified to be among the
principal regulators involved in the pathogenesis of various
pathological conditions, including cardiovascular diseases
and cancer (2). Cytosine-phosphate-guanine (CpG) islands in
promoter regions may exhibit an abnormal methylation status
in various diseases; hypermethylation may lead to repression
of gene expression, whereas hypomethylation may cause
chromosomal instability and loss of DNA imprinting (3).
Accumulating evidence demonstrates that DNA methylation
may serve a principal role in IS (4). The mRNA expression
level of tumor protein p53 (TP53) was previously identified
to be regulated by epigenetic mechanisms, and alterations
in the methylation status of TP53 promoter may affect its
expression level in pathological conditions, including cancer
and atherosclerosis (5). The TP53 gene is located on the
short arm of chromosome 17 (17p13.1) and it consists of
~20,000 base pairs (bp). TP53 is a tumor suppressor gene
that was previously identified to promote apoptosis, affect
gene stability and inhibit tumor formation (6). Notably, TP53
hypermethylation may result in the silencing of TP53 (7).
Although a previous study demonstrated that the circulating
levels of TP53 were increased in patients with IS (8), to the
best of the authors' knowledge, no studies have investigated the
association between methylation of the TP53 promoter and IS.

In the present study, the methylation levels of the TP53
promoter were examined using DNA extracted from the
peripheral blood of patients with IS. Methylation-specific
polymerase chain reaction (MSP) and bisulfite sequencing
polymerase chain reaction (BSP) analyses were used to
investigate the methylation status of the promoter of TP53
in patients with IS. Additionally, the association between the
methylation level of the TP53 promoter and the incidence of
CI was investigated.
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Materials and methods

Subjects. In total, 78 patients with IS (female to male
ratio, 19:20; age, 61.54+9.90 years) were enrolled in the present
study. All patients were hospitalized in The Second Hospital
of Shandong University (Jinan, China) between October 2010
and February 2011. All patients were diagnosed according
to the diagnostic criteria established by The Fourth National
Conference on Cerebrovascular Diseases in 1995 (9). The
samples were collected within 48 h following IS. Transcranial
magnetic resonance diffusion-weighted imaging identified
acute infarction in conscious patients. Patients with tumors,
connective tissue disease, severe liver kidney disease, neuro-
logical diseases and atrial fibrillation were excluded from the
present study.

In the control group, 86 healthy subjects (female to male
ratio 37:49; age, 62.12+7.06 years) were enrolled between
October 2010 and February 2011. Healthy subjects did not
exhibit evidence of IS in their medical history and no signs
of CI were identified following physical examination. In a
subset of healthy individuals, the diagnosis was confirmed
by computed tomography and magnetic resonance imaging.
Subjects exhibiting a history of transient ischemic attacks,
cerebral hemorrhage, blood diseases, severe liver and kidney
dysfunctions, immune system diseases and atrial fibrillation
were excluded from the present study. All clinical studies
were approved by The Local Ethics Committee of The Second
Hospital of Shandong University and informed consent was
obtained from all patients.

Blood sample collection and processing. In total, 2 ml of blood
was collected from each subject by venipuncture and was
placed into serum separator tubes (BD Biosciences, San Jose,
CA, USA). After 10-60 min, samples were centrifuged at
1,500 x g for 10 min at 4°C. Serum was subsequently divided
in 0.5 ml aliquots and stored at -80°C.

DNA extraction and bisulfite modification. Genomic DNA
was extracted from serum using a DNA extraction kit
(cat. no. 69504; Qiagen GmbH, Hilden, Germany). A total
of 2 ug genomic DNA was denatured using 0.3 M NaOH for
15 min at 37°C in a final volume of 20 ul, and purified according
to the manufacturer's protocol (Wizard® DNA clean-up Resin;
cat. no. A7280; Promega Corporation, Madison, WI, USA).
DNA samples were treated with sodium bisulfate to convert
unmethylated cytosine to uracil without affecting methylated
cytosine using an EpiTect Fast Bisulfite kit (Qiagen GmbH,;
cat. no. 59802), according to the manufacturer's protocol.

BSP and MSP. MethPrimer (http://www.urogene.
org/methprimer/) was used to design primers for the first
CpG island downstream of the transcription start site of
TP53 (10-12). The primers used in the present study were the
following: Unmethylated forward (F), 5'-GTAGTTTGAATG
TTTTTATTTTGGT-3' and unmethylated reverse (R), 5'-CCT
ACTACACCCTCTACAAACA-3'; methylated F, 5-GTAGTT
TGAACGTTTTTATTTTGGC-3' and methylated R, 5'-CCT
ACTACGCCCTCTACAAACG-3'. BSP primers were 5-AAG
ATTTTCGGGAGGAGAGG-3' and 5-CCTAAATACCTA
TATCAATACTAAATAACAA-3'. A hot start Taq polymerase

1405

(cat. no. 14966001; Invitrogen, Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) was used to amplify the regions of
interest by MSP and BSP. PCR thermocycling conditions were
as follows: Initial denaturation at 95°C for 5 min, 40 cycles
of 30 sec at 95°C, 30 sec at 60°C and 45 sec at 72°C, and a
final extension step at 72°C for 10 min. PCR products were
loaded on a 2% agarose gel and the bands were excised and
purified using the Illustra GFX PCR DNA and Gel Band
Purification kit (cat. no. 28-9034-70; GE Healthcare Life
Sciences, Little Chalfont, UK). Directly sequencing PCR
products may lead to inconclusive results, due to variability
in the conversion efficiency and in the quantity of methylated
sites. In order to obtain clear sequencing results, PCR products
were cloned into plasmids prior to sequencing. Purified PCR
products were ligated into pGEM-T easy plasmids (Promega
Corporation) for 2 h on ice. DH5a Escherichia coli competent
cells (cat. no. 18265017; Invitrogen; Thermo Fisher Scientific,
Inc.) were transformed by heat shock and incubated overnight
at 37°C on agar plates containing 100 ug/ml ampicillin
(cat. no. BP021; Sigma-Aldrich; Merck KGaA, Darmstadt,
Germany) (13). In total, =10 colonies for each treatment
were selected and expanded in lysogeny broth medium
containing 50 yg/ml ampicillin. On the following day, plas-
mids were isolated using the PureLink plasmid miniprep kit
(cat. no. K210010; Invitrogen; Thermo Fisher Scientific, Inc.).
The sequences of plasmids containing the bisulfite-modified
DNA were analyzed by Sanger sequencing (Laboratory
Services, University of Guelph, Guelph, ON, Canada) and
BiQ Analyzer 2.0 software (14) was used to analyze meth-
ylation patterns and draw diagrams. Human methylated DNA
following bisulfite modification and unmethylated DNA
(cat. no. 59568; Qiagen GmbH) were used as controls for
bisulfite conversion efficiency and accuracy, respectively.

Carotid intima-media thickness (CIMT) measurement. The
CIMT of 49 patients with IS was examined by carotid color
doppler ultrasonography (Philips iE33; Philips Medical
Systems, Inc., Bothell, WA, USA). Two certified sonographers
who were blinded to all clinical information performed carotid
arterial scanning. Patients were placed in the supine position
with slight hyperextension, and rotation of the neck to the
contralateral side. CIMT measurements were collected at
10 mm intervals of the far wall of the right common carotid
arteries. The CIMT was measured by manually examining the
thickness of every free plaque lesion. The Crouse plaque score
was used to calculate the severity of carotid artery atheroscle-
rosis (15).

Identification of transcription factor binding site. TFSearch
viewer 1.0 (Parallel Application TRC laboratory, RWCP,
Japan) was used to identify the predicted transcription factor
binding sites in the CpG islands of the TP53 promoter (16).

Homocysteine (Hcy) concentration detection. Hcy concentra-
tion was detected using an Hcy assay kit (cat. no. ab228559;
Abcam, Cambridge, UK) according to the manufacturer's
protocol.

Statistical analysis. The pathophysiological characteristics of
the patients were examined using a x> test and Student's t-test.
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Figure 1. Electrophoresis results of methylation-specific polymerase chain reaction of TP53 promoter. Lanes D130 and D136 correspond to DNA samples from
patients with ischemic stroke. Lanes 213 and 255 correspond to DNA samples from healthy subjects. Lane L, DNA marker. M, methylation-specific reaction;

U, unmethylation-specific reaction; TP53, tumor protein p53.

Table I. Tumor protein p53 promoter methylation in IS group
and control groups.

Table II. Association between tumor protein p53 promoter
methylation and age.

Methylated Unmethylated
Group n promoter, n promoter, n P-value
IS 78 25 (32.1%) 53 (67.9%) <0.001
Control 86 14 (16.3%) 72 (83.7%)

IS, ischemic stroke.

Associations between the methylation levels of TP53 and IS
were analyzed using Student's t-test. Multivariate logistic
regression analysis was used to adjust for age. SPSS software
for Windows (version 17.0; SPSS, Inc., Chicago, IL, USA) was
used to perform all statistical analyses. Two-tailed P<0.05 was
considered to indicate a statistically significant difference.

Results

TP53 promoter methylation in IS group and control groups.
The methylation levels of TP53 promoter were determined
by MSP assay (Fig 1). In total, 25 out of 78 (32.1%) patients
with IS exhibited promoter methylation. By contrast, 14 out
of 86 (16.3%) healthy subjects exhibited methylated CpGs.
The methylation rate of the TP53 promoter in patients with IS
was significantly increased compared with the control group
(Table I).

Association between TP53 promoter methylation and age.
Subjects were divided into two groups according to their
age: 1) Elderly subjects (=60 years); and ii) younger subjects
(<60 years). In total, 10 out of 37 (27%) young patients and
15 out of 41 (36.6%) elderly patients with IS exhibited methyl-
ated TP53 promoters. The rate of methylation increased with
age; however, the difference was not statistically significant
(Table II). In total, 5 out of 34 (14.7%) young patients and 9 out
of 52 (17.3%) elderly patients in the control group exhibited
methylated TP53 promoters.

Association between TP53 promoter methylation and sex. The
association between the methylation level of the TP53 promoter
and the sex of the subjects was investigated. The percentage of

A, Patients with ischemic stroke

Methylated Unmethylated
Age, years promoter, n promoter, n P-value
<60 10 (27.0%) 27 (73.0%) 0.509
=60 15 (36.6%) 26 (63.4%)
B, Healthy control subjects

Methylated Unmethylated
Age, years promoter, n promoter, n P-value
<60 5(14.7%) 29 (85.3%) 0.983
=60 9 (17.3%) 43 (82.7%)

male and female patients with IS exhibiting a methylated TP53
promoter was 35% (14/40) and 28.9% (11/38), respectively. The
percentage of healthy male and female subjects with methyl-
ated TP53 promoters was 16.3% (8/49) and 16.2% (6/37),
respectively. The difference was not statistically significant
in the IS or control groups. The present results suggested
that TP53 promoter methylation was not associated with sex
(Table III).

Association between TP53 promoter methylation and Hcy
levels in patients with IS. The circulating levels of Hcy were
investigated in patients with IS exhibiting methylated and
unmethylated TP53 promoters. In total, 25 patients presenting
a methylated promoter of TP3 exhibited a circulating level of
Hcy of 33.91+23.81 uM. The concentration of Hey in 53 patients
exhibiting unmethylated TP53 promoters was 23.19+5.67 uM,
significantly decreased compared with the methylated group.
Therefore, the methylation status of TP53 was identified to
be significantly associated with the circulating levels of Hcy
(Table IV).

Association between TP53 promoter methylation and carotid
intima-media thickness (CIMT) in patients with IS. The CIMTs
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Table III. Association between tumor protein p53 promoter
methylation and sex.

A, Patients with ischemic stroke

Methylated Unmethylated
Sex promoter, n promoter, n P-value
Male 14 (35.0%) 26 (65.0%) 0.632
Female 11 (28.9%) 27 (71.1%)
B, Healthy control subjects

Methylated Unmethylated
Sex promoter, n promoter, n P-value
Male 8 (16.3%) 41 (83.7%) 0.999
Female 6 (16.2%) 31 (83.8%)

Table IV. Association between tumor protein p53 promoter
methylation and Hcey levels in patients with ischemic stroke.

Clinical Methylated Unmethylated
characteristic promoter (n=25) promoter (n=53) P-value
Hcy, uM 33.91+23.81 23.19+5.67 0.004*

‘P<0.01. Hcy, homocysteine.

Table V. Association between tumor protein p53 promoter
methylation and CIMT in patients with ischemic stroke.

Clinical Methylated Unmethylated

characteristic promoter (n=19) promoter (n=30) P-value
CIMT, mm 1.06+0.35 0.87+0.19 0.018*
Crouse score 4.97+4 .40 2.82+2.80 0.041¢

P<0.05. CIMT, carotid intima-media thickness.

of 49 patients with IS were examined by carotid color doppler
ultrasonography (15). The CIMT of 19 patients exhibiting
methylated promoters of TP53 was 1.06+0.35 mm. By contrast,
the CIMT of patients exhibiting unmethylated promoters
was 0.87+0.19 mm. Notably, the difference was statistically
significant (Table V). Additionally, the Crouse score was used
to calculate the severity of carotid artery atherosclerosis (15),
and a total of 19 patients in the methylated group presented a
Crouse score of 4.97+4.40. In contrast, patients with IS in the
unmethylated group presented a Crouse score of 2.82+2.80,
significantly decreased compared with that of the methylated
group (Table V).

BSP analysis. The methylation status of a DNA fragment
containing 32 CpG sites in the promoter region of TP53
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was assessed by BSP analysis. The methylation level of
patients with IS in the methylated group was confirmed to be
increased. In particular, the 23rd CpG site was methylated in
80% of patients with IS. By contrast, the 23rd CpG site was
unmethylated in the control group (Fig. 2). A bioinformatics
analysis was performed to identify the predicted transcrip-
tion factor binding sites in the CpG islands of the TP53
promoter using TFSearch viewer 1.0 and the 23rd CpG
island was identified to contain a nuclear factor I (NFI)
binding site.

Discussion

Epigenetic mechanisms are important physiological mediators
of development and cellular functions. Epigenetic alterations
are able to regulate gene expression without affecting the DNA
sequence. The mechanisms underlying epigenetic alterations
include DNA methylation, histone methylation, acetylation
and non-coding RNA interference (4,17,18). Previous studies
identified that whole genome hypomethylation, epigenetic
regulation of gene expression and hypermethylation of CpG
islands are common in tumors and in pathological conditions,
and the association between DNA methylation and tumor
development has attracted considerable attention (19-21).
An increasing number of studies have investigated epigen-
etic events, and DNA methylation was identified to be
associated with tumors and with various diseases including
atherosclerosis, diabetes, Alzheimer's disease and autoim-
mune diseases (22). In the present study, the methylation
of TP53 promoter was investigated in patients with IS and
in healthy control subjects. Additionally, the association
between the methylation status of TP53 promoter and IS was
investigated.

A previous study demonstrated that TP53 may serve its
roles primarily by regulating the expression levels of its down-
stream genes involved in arresting the cell cycle, promoting cell
apoptosis and maintaining gene stability (23). Additionally, a
previous study demonstrated that TP53 may serve an important
role in the occurrence and development of tumors, atheroscle-
rosis and ischemic injury (24). Crumrine et al (25) observed
that knockdown of TP53 expression may protect against focal
ischemic damage in transgenic mice. The protein expression
level of TP53 was previously identified to be upregulated
following ischemic brain injury, and TP53 was able to induce
apoptosis and endothelial injury, aggravating brain injury (26).
Li et al (27) suggested that TP53-immunoreactive protein and
TP53 mRNA expression levels were upregulated following
IS, and TP53 may affect the cellular response following IS. In
the present study, the methylated status of the TP53 promoter
was significantly increased in patients with IS compared with
the control group, suggesting that the hypermethylation of the
TP53 promoter in peripheral blood may be associated with
the incidence of IS and carotid atherosclerosis. The present
results suggested that the alteration in the methylation status
of the TP53 promoter may be important in the occurrence
of carotid atherosclerosis, promoting the pathogenesis of IS.
Therefore, it was hypothesized that the increased methylation
level of the TP53 promoter may promote the occurrence of
IS. Additionally, the increased methylation level of the TP53
promoter may be a predictive factor of IS.
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A AAGACTCCCGGGAGGAGAGGCGAACAGCGGACGCCAATTCTTTTGAAAGCACTGTGTTCCTTAGCACCGCGGGTCGCTACG
GGCCTCTTGCTGTCGCGGGATTTCGGTCCACCTTCCGATTGGGCCGCCGCATCCCGGATCAGATTTCGCGGGCGACCCACGG
AACCCGCGGAGCCGGGACGTGAAAGGTTAGAAGGTTTCCCGTTCCCATCAAGCCCTAGGGCTCCTCGTGGCTGCTGGGAGTT
GTAGTCTGAACGCTTCTATCTTGGCGAGAAGCGCCTACGCTCCCCCTACCGAGTCCCGCGGTAATTCTTAAAGCACCTGCAC
CGCCCCCCCGCCGCCTGCAGAGGGCGCAGCAGGTCTTGCACCTCTTCTGCATCTCATTCTCCAGGCTTCAGACCTGTCTCCC
TCATTCAAAAAATATTTATTATCGAGCTCTTACTTGCTACCCAGCACTGATATAGGCACTCAGG
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Figure 2. Results of BSP analysis of TP53 promoter. (A) BSP results for TP53 promoters and CpG sites. Underlined sequences correspond to the primers
used. CpG sites are indicated in red. (B) BSP results indicated that TP53 promoter was methylated in patients with ischemic stroke. Every row corresponds to
a patient or healthy control. Black circles represent methylated CpGs, and white circles represent unmethylated CpGs. (C) Electrophoresis of the amplifica-
tion products used for BSP. Lanes D130 and D136 correspond to DNA samples from patients with ischemic stroke. Lanes 213 and 255 correspond to DNA
samples from healthy subjects. (D) TP53 promoter sequencing in a patient with IS and a healthy control. (E) Transcription factor binding site prediction. TP53,
tumor protein p53; BSP, bisulfite sequencing polymerase chain reaction; HSF, heat shock transcription factor; NIT2, nitrilase 2; NFI, nuclear factor I; CpG,
Cytosine-phosphate-guanine; IS, ischemic stroke; GATA-2/3, GATA binding protein 2/3.

Carotid atherosclerosis is an important risk factor for the
development of IS. Accumulating evidence demonstrates that
DNA methylation may serve a role in the development of
atherosclerosis (28). A previous study investigating a model
of atherosclerotic lesions demonstrated that the inactivation
of TP53 following promoter methylation may promote the
development of atherosclerosis (29). Newman (30) demon-
strated that in vivo atherosclerosis models exhibited whole
genome hypomethylation. Turunen et al (31) observed that the

hypermethylation of the TP53 promoter was associated with
the development of atherosclerosis. Therefore, in the present
study, it was hypothesized that the expression level of TP53
may be involved in regulating cell proliferation in athero-
sclerotic plaques. The present results suggested that the TP53
promoter region was hypermethylated in patients with IS.
TP53 promoter hypermethylation may decrease the expression
level of TP53, promoting the occurrence of atherosclerosis,
thus serving a role in the pathogenesis of IS.
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Hcy, an amino acid containing sulfur, is an intermediate
product of methionine metabolism (32). A previous study
demonstrated that hyperhomocysteinemia may be a risk
factor for the occurrence of cardiovascular and cerebrovas-
cular diseases (33). The present results suggested that the
circulating levels of Hcy were significantly increased in
patients presenting hypermethylation of the TP53 promoter.
Additionally, the results suggested that lower levels of folate
may increase the concentration of Hey in samples with meth-
ylated TP53 promoter (34). BSP analysis identified 32 CpG
sites in the TP53 promoter, and MSP analysis identified that
these CpG sites were methylated in 32.1% (25/78) of patients
with IS and in 16.3% (14/86) of control subjects. In particular,
the 23rd CpG island in the TP53 promoter was methylated
in 80% of the samples in the methylated group. The present
results suggested that hypermethylation of the TP53 promoter
may be associated with the occurrence of IS. Moreover, a
bioinformatics analysis identified that the 23rd CpG island
contained a nuclear NFI binding site. Therefore, methylation
of this CpG island may affect the binding between NFI and
the promoter of TP53, thus decreasing the expression level of
TP53.

In conclusion, the present study suggested that methyla-
tion of TP53 promoter was significantly increased in patients
with IS compared with healthy subjects. Additionally, the
methylation level of the TP53 promoter was identified to be
associated with the degree of carotid atherosclerosis and the
Hcy concentration in peripheral blood. However, the protein
expression level of TP53 in patients with IS requires further
investigation. Additionally, further studies are required to
investigate the protein expression level of TP53 and the meth-
ylation level of TP53 promoter in brain tissues. Collectively,
the development of novel strategies aimed to alter the expres-
sion level and the activity of TP53 in patients with IS may
improve the treatment and prevention of IS.
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