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ARTICLE INFO ABSTRACT

Keywords: Aims: DNA methylation and hydroxymethylation are significantly related to the occurrence and development of
Methylation coronary heart disease (CHD) and atherosclerosis (AS). 5-Methylcytosine (5-mC) and 5-hydroxymethylcytosine
Hydroxymethylation (5-hmC) are used to assess DNA methylation and hydroxymethylation levels, respectively. However, 5-mC and 5-
Eg:ﬁ;ry heart disease hmC levels associated with CHD remain controversial. In the present study, we aimed to investigate the asso-

ciation of the peripheral blood levels of 5-mC and 5-hmC and the degree of coronary atherosclerosis in elderly
CHD patients.

Main methods: 5-mC and 5-hmC levels in peripheral blood mononuclear cells (PBMCs) were measured in 44 CHD
patients and 42 matched control subjects by ELISA and dot blot analysis. Immunohistochemical staining was
used to observe 5-mC, 5-hmC and TET2 expression in human aortic tissue. Gensini score was used to evaluate the
degree of coronary atherosclerosis.

Key findings: 5-mC and 5-hmC levels in PBMCs from CHD patients and in human aortic atherosclerosis plaque
were both higher than those in control subjects and in tissue samples. TET2 expression was significantly up-
regulated in CHD patients compared with control subjects, while only an increasing trend in the expression of
DNMT1, DNMT3A and all the other TET genes were found. Spearman correlation analysis demonstrated that 5-
mC and 5-hmC levels were positively correlated with Gensini score. 5-mC and 5-hmC were considered as the risk
factors for CHD after adjustment.

Significance: DNA methylation and hydroxymethylation levels in PBMCs from elderly CHD patients were sig-
nificantly increased, showing a positive correlation with the degree of coronary atherosclerosis.

1. Introduction

Recent studies have reported that age-related clonal hematopoiesis
is associated with an increased risk of cardiovascular disease. The
majority of the variants occurred in three genes related to DNA me-
thylation and hydroxymethylation: DNMT3A, TET2 and ASXL1 [1,2].
DNA methylation is the process of converting cytosine (C) to 5-me-
thylcytosine (5-mC) that is catalysed by a member of DNA methyl-
transferase (DNMT) family comprising DNMT1, DNMT3A and
DNMT3B; DNA hydroxymethylation is the oxidation process of 5-mC to
5-hydroxymethylcytosine (5-hmC) in the presence of ten-eleven trans-
location (TET) enzymes, including TET1, TET2 and TET3 [3,4]. Somatic
mutations in DNMT and TET genes can modify DNA methylation and
hydroxymethylation levels.

Accumulating evidence suggests an important role for DNA me-
thylation and hydroxymethylation in the development of coronary
heart disease (CHD) and atherosclerosis (AS). DNA methylation and
hydroxymethylation modifications can alter the genes expression
without changing their sequences. Exploring 5-mC and 5-hmC sig-
natures linked to CHD and AS could contribute to better understanding
of their mechanisms and to the definition of new diagnostic markers
[5]. Previous studies have focused on DNA methylation, but the results
were inconsistent, with hypomethylation [6-11] and hypermethylation
[12-15] associated with CHD and AS. Few studies have investigated the
correlation of DNA hydroxymethylation with CHD and AS [16]. Heart
tissue is the best model used to study epigenetic changes in CHD. Since
the difficultly access to heart tissue, peripheral blood is much more
easily accessible. Somatic mutations increased with age and the
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incidence was > 10% among persons over 70 years old. No report of 5-
mC and 5-hmC levels in elderly CHD patients was published.
Therefore, the aims of the present study were 1) to determine the
peripheral blood levels of 5-mC and 5-hmC in elderly CHD patients, and
2) to investigate the relationship between DNA methylation and hy-
droxymethylation and the degree of coronary atherosclerosis.

2. Patients and methods
2.1. Study population

This study was approved by the Human Ethics Committee of The
First Affiliated Hospital of Chongqing Medical University (No. 2016-39)
and registered on Clinical Trials (No. NCT03462277). Additionally,
written informed consent was obtained from all subjects. The study
protocol conformed to the ethical guidelines of the 1975 Declaration of
Helsinki. A total of 86 subjects were enrolled in the present study, in-
cluding 44 CHD patients (23 acute myocardial infarction patients and
21 angina pectoris patients) and 42 control subjects matched by age
and gender. Blood samples were collected from all participants. The
CHD group was defined as severe stenosis of at least one lesion in a
coronary artery or branches. The control group was defined as people
with negative findings in coronary angiograms.

2.2. Gensini score

Gensini score is most widely used to evaluate the degree of coronary
atherosclerosis by coronary angiography; it is a scoring system that
evaluates the degree of luminal narrowing and the geographic im-
portance of its location [17]. The score of a lesion equals the severity
coefficient of the lesion segment multiplies by the score of stenosis
degree as described previously [17-19]. The final Gensini score of a
patient equals the sum of the scores of all the lesions.

2.3. Isolation of peripheral blood mononuclear cells (PBMCs) from
peripheral blood

Blood samples were obtained from all patients before coronary an-
giography. PBMCs were obtained by centrifugation of whole blood
(~5ml) in a mononuclear cell separation solution (Tian Jin Hao Yang
Biological Manufacture Co., Ltd., Tianjin, China) at 2050 rpm for
25 min at room temperature (RT). Then, the mononuclear cell fractions
were removed, washed twice with PBS, washed once with Erythrocyte
lysate (Beijing Solarbio Technology Co., Ltd., Beijing, China) and cen-
trifuged at 3000 rpm for 10 min at RT. Separated mononuclear cell
samples were stored at —80 °C and were not thawed until use.

2.4. Quantification of DNA methylation and hydroxymethylation

Cytosine is converted to 5-mC in a reaction catalysed by DNMT
genes, while 5-mC is converted into 5-hmC under the catalysis of TET
genes. Genomic DNA was extracted from PBMCs using a Blood Genomic
DNA Purification Kit (GMbiolab Co., Ltd., Taiwan, China) and quanti-
fied by a Nanodrop 2000 (Thermo Fisher Scientific, Waltham, MA,
USA). The genomic levels of 5-mC and 5-hmC in CHD patients and
control subjects were determined by a colorimetric enzyme-linked im-
munosorbent assay (ELISA) using a 5-mC DNA ELISA Kit and a Quest 5-
hmC™ DNA ELISA Kit (Zymo Research, Irvine, CA, USA), respectively
[20,21]. The kits are the most cited ELISA-based global 5-mC and 5-
hmC quantification kits in the literature and provide scientists with a
quick, cost-effective and reliable alternative to chromatographic
methods (e.g., LC-MS/MS, HPLC) [22,23]. The assays were performed
according to the manufacturer's instructions, loading 100 ng of DNA per
well. The absorbance at 405 nm was captured using a Multiskan Spec-
trum (Thermo Electron Corporation, Waltham, MA, USA).
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2.5. Dot blot assay

Dot blot analysis was performed to detect DNA methylation and
hydroxymethylation levels in PBMCs. As described previously, 100 ng
of genomic DNA was denatured for 10 min at 95 °C and then neutralized
for 10 min at 4°C [24,25]. After dilution to 50 ng/pl, 2 pl of diluted
genomic DNA was spotted on an N* membrane (Amersham Hybond).
The membrane was dried at RT and incubated for 30 min at 80 °C. The
membrane was then blocked with 5% milk in TBS-T for 1h and in-
cubated overnight with a mouse anti-5-mC monoclonal antibody
(1:2000) or a rabbit anti-5-hmC polyclonal antibody (1:1000) (Zymo
Research, Irvine, CA, USA) in TBS-T at 4°C. The membrane was in-
cubated with a secondary antibody, HRP-conjugated sheep anti-mouse
IgG or sheep anti-rabbit IgG (1:5000; Abbkine, Redlands, CA, USA) in
TBS-T for 1 h at RT. DNA was detected by a Bio-Rad gel imaging system
(Bio-Rad, Hercules, CA, USA) using enhanced chemiluminescence
(Advansta, Menlo Park, USA). The dot blot intensity was quantified by
the gel imaging system.

2.6. Total RNA isolation and quantitative real time reverse-transcription
polymerase chain reaction (qRT-PCR)

Total RNA was extracted from PBMCs using the Trizol reagent
(Ambion, Waltham, MA, USA). The extracted sample was reverse
transcribed with a QuantiNova™ Reverse Transcription Kit (Qiagen,
Germany) according to the manufacturer's instructions. qRT-PCR was
performed with 2 X SYBR Green PCR Master Mix (QuantiNova™ SYBR
Green PCR Kit, Qiagen, Germany). The quantity of gene expression was
calculated using the 2~ 4% method. B-Actin was also quantified and
used as a loading control. All primers (Takara Bio, Dalian, China) are
listed in Supplemental Table 1.

2.7. Human aortic tissue and immunohistochemiscal staining

Human aortic atherosclerotic plaque lesions (n = 5) were obtained
from autopsies from elderly people with an average age of > 70 years
old. The human aortic tissues used as control subjects (n = 5) were
obtained from young people who died due to accidents. All human
studies strictly adhered to the principles of the Declaration of Helsinki.
Their family members were provided written informed consent. As
described previously [26], immunohistochemiscal (IHC) staining was
performed using an IHC kit (PV-9000, Zhong Shan Golden Bridge Bio-
technology Corp, Beijing, China). Sections were incubated overnight
with a mouse anti-5-mC monoclonal antibody (1:250; Zymo Research,
Irvine, CA, USA), a rabbit anti-5-hmC polyclonal antibody (1:250; Zymo
Research, Irvine, CA, USA) or a mouse anti-TET2 monoclonal antibody
(1:100, Santa Cruz Biotechnology, Inc., Heidelberg, Germany) in a
moist chamber at 4 °C. Then, the sections were incubated with an HRP-
labeled secondary antibody for 60 min at RT. The developed tissue
sections were imaged with a light microscope attached to a microscope
(Axio Imager A2, Zeiss, Germany).

2.8. Quantification of plasma interleukin-1f (IL-1f), interleukin-6 (IL-6)
and tumor necrosis factor-a (TNF-a)

Blood samples were centrifuged at 3000 rpm for 10 min im-
mediately after collection. Separated plasma samples were stored at
—80°C until use. The plasma levels of IL-1p, IL-6 and TNF-a were
measured by a human IL-1f3 ELISA kit, a human IL-6 ELISA kit and a
human TNF-a ELISA kit (ImmunoWay Biotechnology, Plano, TX, USA),
respectively. Assays were performed according to the manufacturer's
instructions. The absorbance at 450nm was determined using a
Multiskan Spectrum.
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Table 1
Baseline characteristics of CHD patients and control subjects undergoing cor-
onary angiography.

Characteristics Control (n = 42) CHD (n = 44) P value
Male/female (n) 22/20 28/16 0.290
Age (years) 70.5(67-73.5) 73.5(69-76) 0.155
Smoker (n)* 15(33.3%) 18(41.9%) 0.417
BMI (kg/m?) 23.83 = 0.54 24.88 = 0.44 0.135
SBP (mm Hg) 134.07 = 2.88 140.50 = 3.89 0.154
DBP (mm Hg) 74.05 + 1.96 76.16 + 1.85 0.435
History of hypertension (n)*  23(54.3%) 31(70.5%) 0.132
History of diabetes (n)” 10(23.8%) 24(54.5%) 0.004
FPG (mmol/L)" 5.15(5.00-5.50) 5.95(5.25-7.88) < 0.001
HbAlc (%)" 5.80(5.60-6.15) 6.15(5.70-7.38) 0.009
TC (mmol/L) 411 = 0.13 4.23 = 0.17 0.563
TG (mmol/L)L> 0.94(0.75-1.18) 1.40(1.05-1.98) < 0.001
LDL-c (mmol/L) 251 = 0.12 2.80 = 0.14 0.125
HDL-c (mmol/L) 1.39 + 0.06 1.06 = 0.03 < 0.001
Hs-CRP (mg/L)l’ 1.05(0.43-2.63) 2.84(0.59-11.22) 0.006
PBMCs (%) 31.49 + 1.36 28.46 + 1.48 0.135
Lymphocytes (%) 24.45 + 1.34 2215 * 1.33 0.226
Monocytes (%) 6.70(5.55-7.93) 6.45(4.40-7.63) 0.184

Gensini score 0 63.5(40.25-92.75) -

BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood
pressure; FPG: fasting plasma glucose; HbAlc, glycosylated hemoglobin; TC:
total cholesterol; TG: triglycerides; LDL-c: low-density lipoprotein cholesterol;
HDL-c: high-density lipoprotein cholesterol; Hs-CRP: high-sensitivity C-reactive
protein; PBMCs: peripheral blood mononuclear cells.

@ Data expressed as n (%).

> Data expressed as median (interquartile ranges).

2.9. Statistical analysis

All statistical analysis was performed with SPSS software version
22.0 (SPSS Inc., Chicago, USA). Data are presented as mean * SEM,
frequency (%) or median (interquartile ranges). Two-tailed P va-
lues < 0.05 were considered statistically significant. Intergroup com-
parisons between CHD patients and control subjects were made by the
independent-samples t-test (normally distributed continuous variables),
Mann-Whitney U test (nonnormally distributed continuous variables)
and chi-square test (categorical variables). ANOVA and Kruskal-Wallis
test were applied to compare quantitative data among patients with
acute myocardial infarction (AMI), patients with angina pectoris and
control subjects. Bivariate associations were described by Spearman
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correlation coefficients. The associations of 5-mC and 5-hmC levels with
CHD prevalence were analyzed by unconditional logistic regression.

3. Results
3.1. Baseline characteristics of CHD patients and control subjects

As shown in Table 1, the gender, age, smoker, BMI and history of
hypertension of CHD patients and control subjects were well matched.
The average age of control subjects and CHD patients was 70 years
[70.5 (67-73.5) vs. 73.5 (69-76)]. CHD patients tended to have a his-
tory of diabetes. The prevalence of diabetes in the CHD group was more
than twice as high as that of the control group (P = 0.004). Fasting
plasma glucose (FPG), glycosylated hemoglobin (HbAlc) and trigly-
cerides (TG) were significantly higher in CHD patients than in control
subjects, while high-density lipoprotein cholesterol (HDL-c) was sig-
nificantly lower in the CHD group than in the control group. There was
no significant difference in total cholesterol (TC) and low-density li-
poprotein cholesterol (LDL-c) between the control and CHD groups. The
level of high-sensitivity C-reactive protein (Hs-CRP) in the CHD group
was more than once higher than that of the control group. No sig-
nificant difference was found between the percentages of PBMCs,
lymphocytes and monocytes of the CHD and control groups. All patients
underwent coronary angiography. As a consequence of different de-
grees of coronary atherosclerosis, CHD patients had significantly higher
Gensini score than control subjects.

3.2. DNA methylation and hydroxymethylation levels in PBMCs

The 5-mC percentages of the control and CHD groups were
3.05 = 0.14% and 3.77 = 0.12%, respectively. The result that DNA
methylation level was higher in CHD patients than in control subjects is
illustrated in Fig. 1A. The CHD group included patients with AMI and
angina pectoris. Moreover, except for the comparison of AMI group
with the angina pectoris group, the differences in the pairwise com-
parisons between all the other groups were statistically significant (both
P < 0.01, Fig. 1B). The dot blot analysis that detected the 5-mC levels
in PBMCs from CHD patients and control subjects further demonstrated
that DNA methylation was significantly increased in the CHD group
compared with the control group (P < 0.001, Fig. 1C and D).

DNA hydroxymethylation level in CHD patients was higher than
that in control subjects (Fig. 2A). Specifically, the 5-hmC percentage of
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Fig. 2. DNA hydroxymethylation level of
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CHD group was more than four times that of the control group
(P < 0.001). Moreover, the differences in the pairwise comparisons
between the three groups were statistically significant (both
P < 0.001), except for the comparison of AMI group with angina
pectoris group (Fig. 2B). Furthermore, the dot blot analysis was used to
detect DNA hydroxymethylation level. The result by which DNA hy-
droxymethylation level in PBMCs was significantly increased in CHD
patients compared with control subjects was further confirmed
(P < 0.001, Fig. 2C and D).

3.3. Relative mRNA expression of DNMT and TET genes in the PBMCs

We detected the mRNA levels of DNMT and TET genes in PBMCs
from control subjects and CHD patients and found that TET2 expression
was significantly upregulated in CHD patients compared with control
subjects (Fig. 3). Although DNMT1, DNMT3A, TET1 and TET3 expres-
sion were increased in CHD patients, no significant difference was
found between the control and CHD groups.

3.4. DNA methylation, hydroxymethylation and TET2 expression in human
aortic tissue

To further investigate the expression profile of human aortic tissue,
DNA methylation and hydroxymethylation levels as well as TET2 ex-
pression level were observed by IHC. As shown in Fig. 4, the expression
levels of 5-mC, 5-hmC and TET2 were almost negligible in normal

human aortic segments but were significantly increased in
Q
A F25q
g [ control
O 204 I co
2
] ns. 5.
k159 r—21 sy ns
< 5.
Z
o 101
£
= 051
2
Z 00
DNMTI DNMT3A DNMT3B

atherosclerotic plaque lesions.

3.5. Plasma levels and relative mRNA expression levels of IL-1f, IL-6, and
TNF-a

Fig. 5 shows that the plasma levels and relative mRNA expression
levels of IL-13 and IL-6 in CHD patients were higher than those in
control subjects. Although the plasma level of TNF-a in CHD patients
was not significantly different from control subjects, the relative mRNA
expression of TNF-a was significantly increased in the CHD group
compared with the control group (P < 0.01).

3.6. Correlation analysis of 5-mC, 5-hmC and TET genes expression with
selected covariates

The Spearman correlation coefficients between selected cardiovas-
cular risk factors, Gensini score and 5-mC, 5-hmC are shown in Table 2.
The 5-mC and 5-hmC levels were both positively correlated with FPG
and TG, while HDL-c was inversely correlated with 5-mC and 5-hmC. It
was shown that the 5-hmC level was positively associated with HbAlc
and Hs-CRP. There were significantly positive correlations between the
levels of plasma IL-6, IL-1f3 expression, TNF-a expression and the 5-mC
level. Increased 5-hmC was strongly associated with increased plasma
levels of IL-13 and IL-6 and with increased relative mRNA expression
levels of IL-6, TNF-a and TET2. 5-mC and 5-hmC were positively as-
sociated, but the 5-hmC level was more significantly correlated with
Gensini score than the 5-mC level with significant difference (5-hmC:
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Fig. 3. Relative mRNA expression of DNMT and TET genes in PBMCs from control subjects and CHD patients measured by qRT-PCR and normalized to B-actin. (*,

P < 0.05; n.s., not significant).
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Fig. 4. Representative IHC images (red arrows indicated) of 5-mC, 5-hmC and TET2 expression in human aortic tissue ( X 400). (For interpretation of the references to

color in this figure legend, the reader is referred to the web version of this article.)
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Table 2 r=0.754, P < 0.001 vs. 5-mC: r = 0.383, P < 0.001; Fig. 6A and B).
Spearman correlation coefficients of 5-mC and 5-hmC with selected covariates. Without adjustment, the odds ratios of 5-mC and 5-hmC levels for CHD
Variable 5:mC (%) 5-hmC (%) were 3.064 (95% CI 1.559-6.020, P = 0.001) and 1.460 (95% CI
1.226-1.740, P < 0.001), respectively, which indicated that 5-mC and
r P r P 5-hmC levels were the risk factors for CHD. After adjustment for various
FPG Gamol/) 0.240 0.040 0377 0.001 cardiovascular risk factors, especially history of diabetes, FPG and
HbALe (%) 0.148 0.187 0.263 0.019 HbAlc, the association of 5-mC and 5-hmC levels with CHD remained
TG (mmol/1) 0.233 0.038 0.266 0.018 significant (Fig. 6C).
HDL-c (mmol/1) -0.411 < 0.001 -0.415 < 0.001 The results of the correlation analyses examining relative mRNA
Hs-CRP (mg/1) 0.211 0.060 0.313 0.005 expression of IL-1B, IL-6, TNF-a and TET genes are displayed in Table 3.
IL-1§ (pg/ml) 0.156 0.190 0.273 0.024 It was positively associated with relative mRNA expression of IL-13 and
IL-6 (pg/ml) 0.339 0.013 0.510 < 0.001 p Y ass A €Xp o
TNF-a (pg/ml) —0.069 0.615 0.019 0.892 TET1, TET2. Relative TNF-a mRNA expression was positively corre-
IL-1B expression 0.445 0.002 0.207 0.195 lated with only TET2 mRNA expression.
IL-6 expression 0.232 0.121 0.356 0.022
TNF-a expression 0.504 < 0.001 0.346 0.025 . . . . .
TET2 expression 0.239 0105 0.386 0.012 3: 7. Relaaon_shlp of DNA methylation and hydroxymethylation with
PBMCs (%) ~0.055 0.628 ~0.162 0.157 diabetes mellitus (DM)
Lymphocytes (%) —0.041 0.720 -0.153 0.181
Monocytes (%) —0.038 0.737 —0.112 0.328 As shown in Fig. 7A and B, the 5-mC and 5-hmC levels were sig-
5-mC (%) - - 0.618 < 0.001 nificantly increased in the CHD group compared with the control group
Gensini score 0.383 < 0.001 0.745 < 0.001

in elderly patients with and without DM. Without adjustment, the odds
ratios of 5-mC and 5-hmC levels for DM were 1.357 (95% CI
0.823-2.237, P = 0.231) and 1.033 (95% CI 0.995-1.072, P = 0.091),
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Table 3
Spearman correlation analysis of relative mRNA expression of IL-1(, IL-6, TNF-
a and TET genes.

Variable TET1 expression TET2 expression TET3 expression
r P r P r P
IL-1pB expression  0.368 0.014 0.316 0.032 —0.022 0.883
IL-6 expression -0.118 0.452 0.132 0.386 0.001 0.997
TNF-a expression  0.269 0.074 0.401 0.005 —0.048 0.746

respectively. After adjustment for various DM risk factors, the asso-
ciation of 5-mC and 5-hmC levels with DM was not significantly dif-
ferent (Fig. 7C).

4. Discussion

The role of epigenetics, especially DNA methylation and hydro-
xymethylation modification in CHD is a topic of intense research in-
terest. Human tissue is the most intuitive model for studying epige-
netics. Since precious human tissue, such as heart and brain, is difficult
to access, the peripheral blood has become a good substitute. It has
already been confirmed that the global methylation level detected in
peripheral blood is consistent with the global methylation of tissue
[27,28]. There are many methods to quantify DNA methylation and
hydroxymethylation, such as high performance liquid chromatography-
ultraviolet (HPLC-UV), liquid chromatography coupled with tandem
mass spectrometry (LC-MS/MS), ELISA, LINE-1 pyrosequencing and
luminometric methylation assay (LUMA); however, ELISA-based
methods are quick, cost-effective and reliable alternatives that have
already been verified by several published studies [20-23,29].

Our data showed that the 5-mC and 5-hmC levels of PBMCs from
CHD patients were higher than those from control subjects, and these
results were further demonstrated by dot blot analysis. We obtained a
consistent conclusion after examining human aortic tissue. Moreover,

only TET2 expression was significantly upregulated in CHD patients
compared with control subjects. The levels of IL-13 and IL-6 in CHD
patients were higher than those in control subjects. Most importantly,
5-mC, 5-hmC and IL-1fB, IL-6 levels were positively correlated with
Gensini score, which indicated that DNA methylation, hydro-
xymethylation and cytokines were closely associated with the degree of
coronary atherosclerosis.

We performed this study examining PBMCs of elderly CHD patients
for the following reasons. First, PBMCs are considered to better re-
present the biological changes related to environmental exposures or
modifications of lifestyle and behavior, which seem to be a reasonable
surrogate to study the effect of age on DNA methylation profiles
[30-32]. Second, somatic mutations of DNMT3A and TET2 in periph-
eral blood cells were reported to be related to an increased risk of CHD
and were more frequent with age [1,2]. Therefore, we selected patients
with an average age of > 70 years old as the research subjects.

DNA methylation is significantly associated with CHD, but DNA
methylation level in CHD is controversial. Zaina et al. showed that the
atherosclerotic portion of the aorta was hypermethylated across many
genomic loci compared with that in the matched healthy counterpart
[15]. Sharma et al. also reported that global DNA methylation was
significantly higher in CAD patients than in control subjects [13], while
another study suggested that the patient with vascular disease had
significantly reduced genomic DNA methylation level [6]. The finding
of the present study is that the DNA methylation level of PBMCs from
CHD patients and human aortic atherosclerotic plaque lesions was
significantly higher than those of control subjects and tissue samples,
which was consistent with hypermethylation. DNMT genes are the key
enzymes that determine DNA methylation level and catalyse the con-
version of C to 5-mC, but only a non-significant increasing trend of
DNMT1 and DNMT3A expression was found in CHD patients [3]. This
discrepancy can be explained by several aspects of this study. First, our
study population are elderly patients, while other studies did not have
age restrictions. Sharma et al. also reported that the global DNA hy-
permethylation was associated with CHD, especially in aged patients
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[13]. Second, we used different methods. Most studies analysing the
association of global hypomethylation with CHD or AS measured the
methylation of repetitive elements (LINE-1 or Alu) as a proxy for global
methylation [5]. However, this technique assesses relatively few CpG
sites [23]. We used two different methods to confirm our results.

Loss of TET2 and its product, 5-hmC, was positively correlated with
the degree of injury in murine models of vascular injury and human
atherosclerotic disease [33]. Fuster et al. reported that partial bone
marrow reconstitution with TET2-deficient cells led to a marked in-
crease in atherosclerotic plaque size and in IL-1f3 secretion [34]. In our
study, we verified that the 5-hmC level was increased in PBMCs of CHD
patients and human aortic atherosclerotic plaque lesions, which was
accordance with the recent report by Deng [16]. TET genes are the core
genes that catalyse the oxidation of 5-mC to 5-hmC. In our study, only
TET2 expression was higher in CHD patients than in control subjects,
but no difference in TET genes expression was found in the study by
Deng [16].

DNA methylation and hydroxymethylation as well as the expression
of cytokines such as IL-1f and IL-6 are involved in the formation of AS
[35-37]. In murine modes, DNMT3A and TET2 somatic mutation-
driven clonal hematopoiesis accelerated AS and heart failure through a
mechanism involving the IL-1f and IL-6 inflammasome [34,38,39]. Our
data showed that IL-1f and IL-6 levels in CHD patients, especially AMI
patients were higher than those in control subjects (Supplemental
Fig. 1), which was consistent with several studies reporting that in-
creased IL-1f3 and IL-6 levels are associated with CHD risk [35,40]. In
the Spearman correlation analysis, both 5-mC and 5-hmC were asso-
ciated with increased cytokine levels or gene expression. 5-mC, 5-hmC
and IL-18, IL-6 were positively correlated with Gensini score of CHD
patients (Table 2 and Supplemental Table 2), which indicated that in-
creased DNA methylation, hydroxymethylation and cytokine levels may
accelerate the development of AS.

Diabetes mellitus is closely related to CHD, which significantly
promotes and aggravates the processes of CHD and AS [41]. It was
confirmed that somatic mutations of DNMT3A and TET2 are associated
with type 2 diabetes [1]. Our results showed that CHD patients tended
to have a history of diabetes and that FPG and HbAlc levels in CHD
patients were higher than in control subjects. The 5-mC and 5-hmC
levels were positively correlated with FPG or HbAlc. To investigate

whether diabetes was a confounding factor of the study, all patients
were reclassified into non-DM and DM subgroups. The data indicated
that the 5-mC and 5-hmC levels were consistently higher in CHD pa-
tients than in control subjects in patients with and without DM, which
demonstrated that diabetes may be a distracting factor. We found that
the association of 5-mC and 5-hmC levels with DM risk had no sig-
nificant difference without or with adjustment for various DM risk
factors.

We revealed that the levels of DNA methylation and hydro-
xymethylation in PBMCs and the levels of IL-1f and IL-6 in elderly CHD
patients were significantly increased, which showed a positive corre-
lation with the degree of coronary atherosclerosis and revealed the
potential diagnostic value as the biomarkers. However, the relatively
small sample is the major limitation of the present study. Future studies
in larger samples are needed to validate our findings. The specific
cellular components in the development of CHD or AS also need to be
fully confirmed.
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