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Homocysteine induces blood vessel global
hypomethylation mediated by LOX-1
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ABSTRACT. Homocysteine (Hcy) is an independent risk factor of
atherosclerosis through its involvement with the methionine cycle. In
this study, we aimed to determine the blood vessel global methylation
rate in Hcy-induced atherosclerosis in apolipoprotein-E-deficient
(ApoE™) mice, and to explore the possible mechanism of this change in
endothelial cells. ApoE”- mice were divided into a hyperlipidemia (HLP)
group, a hyperhomocysteinemia (HHcy) group, and an HHcy + folate +
vitamin B12 (HHcy+FA+VB) group. Wild-type C57BL/6J mice were
prepared as controls. Total Hcey, lipids, S-adenosylmethionine (SAM),
and S-adenosylhomocysteine (SAH) contents in serum were measured
with an automatic biochemistry analyzer and high-performance liquid
chromatography. Methylation of B1 repetitive elements in blood vessels
was tested using nested methylation-specific-polymerase chain reaction
(nMS-PCR). Endothelial cells (ECs) were pretreated with Hey or by adding
FA and VB. Lectin-like oxidized LDL receptor-1 (LOX-1) expressions
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were determined by quantitative PCR, Western blot, and nMS-PCR. The
HHcy group displayed severe HLP and HHcy. SAM and SAH contents
were also elevated in the HHcy group compared with other groups.
Methylation of B1 repetitive elements was significantly increased in the
HHcy group (0.5050 + 0.0182) compared to the HLP (0.5158 = 0.0163)
and control (0.5589 + 0.0236) groups. mRNA and protein expressions of
LOX-1increased (0.2877+0.0341,0.6090+0.0547), whereas methylation
expression decreased (0.5527 £ 0.0148) after 100 uM Hcy stimulation in
ECs. In conclusion, Hey-induced atherosclerosis was closely associated
with induced hypomethylation status in the blood vessel, and this process
was partially mediated by LOX-1 DNA methylation.

Key words: Homocysteine; Global DNA methylation; Atherosclerosis;
Lectin-like oxidized LDL receptor-1

INTRODUCTION

Atherosclerosis is a common pathophysiological process of multiple cardiovascular dis-
eases. Lipid deposition, oxidative stress, immune inflammatory injury, macrophage receptor de-
ficiency, and smooth muscle cell activation are all involved in the development of atherosclerosis
(Rapava et al., 2006). As an important independent risk factor of atherosclerosis, homocysteine
(Hcy) can influence the atherosclerosis process in various aspects, such as through transmethyl-
ation, endothelial injury, oxidative stress, and inflammation response (Tehlivets, 2011).

Hcy is a sulfur-containing amino acid and is an important intermediate metabolism prod-
uct in the folic acid and methionine cycle. Hey is derived from methionine, which is used for
synthesis of S-adenosylmethionine (SAM) and conversion of Hcy and S-adenosylhomocysteine
(SAH) (King et al., 2012). SAM is the only one-carbon unit methyl donor for more than 100
different transmethylation reactions, including DNA and RNA methylation (Kirsch et al., 2009).
DNA methylation is a form of epigenetic gene regulation that, combined with the altered binding
profile of transcription factors, commonly leads to suppression of gene expression when occur-
ring in a regulatory region (Du et al., 2012). Hypermethylation of CpG islands in promoter areas
results in decreased gene expression, whereas promoters of actively transcribed genes remain non-
methylated (Du et al., 2012). Alterations of DNA methylation patterns have been associated with
various diseases, including cancers and cardiovascular diseases (Wernimont et al., 2011; Delgado-
Cruzata et al., 2012). Lower global DNA methylation has been observed in individuals with severe
metabolic syndrome (Turcot et al., 2012). Patients with vascular disease exhibit increased plasma
total Hey (tHcy) and decreased genomic DNA methylation (Castro et al., 2003). Therefore, we
speculated that there might be a distinct methylation status in arteries depending on the presence or
absence of Hcy. Consistent with our assumption, we found a statistically significant difference in
global DNA methylation, as characterized in B1 repetitive elements in the blood vessels of mice,
after Hey stimulation. However, to date, the mechanism involved in the effect of Hey on the blood
vessel methylation status is not very clear.

Condensation of Hey and serine can form cystathionine in a reaction catalyzed by cys-
tathionine beta-synthase (MacLean et al., 2012), which is another major mechanism in the Hey
metabolic pathway. Hcy contains a free sulthydryl group, and oxidizes with other thiols to form
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mixed disulfides, which results in the oxidization of other substances, including low-density li-
poprotein (LDL). Oxidized modified LDL (Ox-LDL) is generated from LDL oxidative modifica-
tion, and is an important risk factor of atherosclerosis. The lectin-like oxidized LDL receptor-1
(LOX-1), one of the surface scavenger receptors for Ox-LDL, might mediate the binding and
internalization of Ox-LDL to cells, and might be a target regulator that is involved in atheroscle-
rosis (Yoshimoto et al., 2011). Activation of LOX-1 with Ox-LDL induces cell injury in human
coronary artery endothelial cells (ECs) (Morawietz, 2010). Expression of LOX-1 in atheroscle-
rotic lesions was increased in mice fed a hypermethionine diet (Thampi et al., 2008). However, to
our knowledge, precisely how Hcey affects LOX-1 expression in ECs remains unknown.

In this study, we investigated global DNA methylation in blood vessels in hyperhomo-
cysteinemia (HHcy), and analyzed LOX-1 methylation in cultured ECs in the presence of Hcy.
We aimed to find a key factor for further elucidating the mechanism underlying Hcy-induced
atherosclerosis.

MATERIAL AND METHODS
Animals and diets

Animal procedures were performed in accordance with institutional guidelines under
the China animal protection law. Six-week-old male apolipoprotein-E-deficient (ApoE”") mice
(C57BL/6J genetic background) and C57BL/6J mice were obtained from the Animal Center of Pe-
king University (Beijing, China). Animals were housed individually per cage, and maintained un-
der standard environmental conditions (12-h light/dark cycle at 22°-24°C and 40-60% humidity).
After 1 week of acclimation, the mice were divided into four groups and maintained for 15 weeks
on the following diets: 1) the control group (wild-type C57BL/6J mice) was fed regular mouse diet
(0% cholesterol, 5.23% fat, 0.37% methionine, 2.39 mg/g choline, 3.19 mg/kg folate (FA), 54.6
ug/kg vitamin B12 (VB), 14.5 mg/kg vitamin B6; catalog No. 8640, Harlan Teklad, Madison, W1,
USA), 2) the hyperlipidemia (HLP) group (ApoE™” mice) was fed regular mouse diet, 3) the HHcy
group (ApoE" mice) was fed a high-fat diet with 1.7% methionine supplement, and 4) the HHcy
+ FA + VB group (ApoE" mice) was fed a high-fat diet plus 1.7% methionine, FA, and VB. The
animals were managed using welfare animal practices.

EC culture

The EC line was obtained from Si Chuan University (China). ECs were adjusted to
a concentration of 5 x 10°/mL in complete RPMI-1640 medium containing 10% heat-inacti-
vated fetal bovine serum, 100 mg/mL streptomycin, and 100 U/mL penicillin. Then, different
Hcy concentrations (0, 50, 100, 200, and 500 uM; Sigma, USA) were added, and cells were
incubated at 37°C in a 5% CO, humidified incubator. After a 72-h incubation, cells and super-
natants were collected for further use.

Determination of serum Hcy, SAM, SAH, and lipid concentrations

After 15 weeks of feeding, mice were fasted for 4 h, anesthetized with intra-peritoneal
pentobarbital (60 mg/kg Nembutal), and blood was obtained by intra-cardiac puncture. Serum was
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isolated by centrifugation at 1000 g for 10 min at 4°C and stored at -80°C. tHcy and lipid [total
cholesterol (TC), triglyceride (TG), and LDL] concentrations in serum were measured with the auto-
matic ADVIA 2400 Automatic Biochemistry Analyzer (Siemens, Munich, Germany). Serum SAM
and SAH concentrations were detected using high-performance liquid chromatography (HPLC).

Nested methylation-specific-polymerase chain reaction (nMS-PCR)

Global DNA was isolated from arteries and ECs using the Wizard® Genomic DNA Puri-
fication Kit (Promega, USA) following manufacturer protocols. DNA concentration was assessed
with an ND-1000 spectrophotometer (NanoDrop, Wilmington, DE, USA). DNA denaturation and
bisulfite conversion processes were integrated into one step using the EZ DNA Methylation-Gold™
Kit (ZYMO, Los Angeles, CA, USA) according to manufacturer instructions. Methylation patterns
of the B1 repetitive elements and LOX-1 were confirmed with nMS-PCR analysis, which consists
of two-step PCR amplifications. Methylation patterns of the B1 repetitive elements and LOX-1
were confirmed with nMS-PCR analysis. A three-temperature touchdown PCR program was used
for DNA amplification: 94°C for 5 min; 30 cycles at 94°C for 30s, annealing temperature for 30 s
(decreasing 1° or 0.5°C between two cycles), 72°C for 1 min; an additional 20 cycles at 94°C for
30 s, annealing temperature for 30 s, 72°C for 1 min; and a final extension at 72°C for 7 min (Table
1). The amplification products were analyzed by agarose gel electrophoresis.

Table 1. Primers and amplified conditions of B1 repetitive elements and LOX-1.

Primers Sequence (5'-3") Ta (°C) Tm (°C) Length (bp)

B1-O Sense: ATAGAAGTGGATGTTTATAGTTAGTTATTG 56.0 41.0 269
Antisense: CACTCCAACTTTTTAACCCTAAC

B1-M Sense: GTTAGTTATTGGATGGGTTATACGG 63.7 48.7 139
Antisense: TACAACTAAAAACAAAAACTCCGAA

B1-U Sense: GTTAGTTATTGGATGGGTTATATGG 63.7 48.7 139
Antisense: TACAACTAAAAACAAAAACTCCAAA

LOX-1-O Sense: TTAGTATTGTGGGAGGTTGAGGTAG 68.3 53.3 251
Antisense: TAAAATTTCACCCTTATTACCCAAA

LOX-1-M Sense: TTGAAAATATAAAATAATTAGTCGG 66.0 51.0 137
Antisense: TAAATTACAATAACATAATCTCG

LOX-1-U Sense: TTGAAAATATAAAATAATTAGTTGG 66.0 51.0 139

Antisense: AATAAATTACAATAACATAATCTCAAC

B1 =Bl repetitive elements; O = outer primers; M = methylated primers; U = unmethylated primers; Ta = annealing
temperature; Tm = melting temperature.

Fluorescence reverse transcriptase-quantitative PCR (RT-qPCR)

The relative expression of DNA methyltransferase 1 (DNMT1) mRNA was examined
using a quantitative PCR System (Bio-Rad, Hercules, CA, USA). Briefly, total RNA was iso-
lated from ECs in 1 mL Trizol (Invitrogen, Carlsbad, CA, USA). The concentration of isolated
RNA was determined with a spectrophotometer. Then, total RNA was reverse transcribed
using the Revertid™ First-Strand cDNA Synthesis Kit (Thermo Scientific, Glen Burnie, MD,
USA) according to manufacturer instructions. RT-qPCR was performed with the SYBR Green
real-time PCR master mix kit (MBI). Two-microgram cDNA templates were applied in all
reactions. Reactions with each primer pair and template were performed in triplicate. An am-
plification curve was obtained for each PCR run. The relative change in DNMT1 mRNA
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expression was determined by fold-change analysis, in which the degree of change = 2-44¢,
where cycle threshold (Ct) = (Ct, )\, = Ctappy) treatment - (Cty - Ct..o ) control. The
relative expression of LOX-1 mRNA in ECs was determined in the same manner.

The primers used were as follows: DNMT1 sense (S): 5'-GGAGCCCAGCAAGAG
TA-3', DNMT]1 antisense (A): 5'-GGGAGACACCAGCCAAAT-3', LOX-1 S: 5'-AATGATA
GAAACCCTTGC-3',LOX-1 A: 5-TTCCCAGTTAAATGAGCC-3', GAPDH S: 5-~AGAAGGCT
GGGGCTCATTTG-3', GAPDH A: 5-AGGGGCCACAGTCTTC-3'.

Western blot analysis

ECs were lysed in RIPA buffer (Pierce, Rockford, IL, USA) supplemented with 1 mM
protease inhibitors (Roche, USA). After quantification (BCA protein assay, Pierce), proteins
were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
and transferred to polyvinylidene difluoride membranes. The membranes were then blocked
with 5% skim milk for 1 h and incubated overnight at 4°C with anti-B-actin (1:1000, Sigma,
St. Louis, MO, USA) or anti-LOX-1 (1:1000, Santa Cruz Biotechnology, USA). Subsequent-
ly, the membranes were incubated with appropriate secondary antibodies (Amersham Bio-
sciences, Piscataway, NJ, USA). After washing, proteins were detected using an enhanced
chemiluminescence system (ECL Plus, Amersham Biosciences, Uppsala, Sweden).

Enzyme-linked immunosorbent assay (ELISA)

An ELISA for Ox-LDL in ECs was performed using Ox-LDL ELISA kits (Adliteram
Diagnostic Laboratories Inc., USA) according to manufacturer instructions. The concentra-
tions of Ox-LDL were quantified in biomedical units as defined by the manufacturer. The
concentration of the Ox-LDL was determined by establishing a standard curve.

Statistical analysis

For comparisons between two groups, the two-sided unpaired Student 7-test was used
with P < 0.05 being considered significant. For multiple group comparisons, one-way analysis
of variance (ANOVA) was carried out followed by Tukey multiple comparison tests using the
GraphPad Prism 5.0 software.

RESULTS
ApoE" mice have HHcy and HLP

HHcy and HLP are usually present simultaneously. In order to explore whether the
methionine diet induced HHcy and HLP in ApoE”" mice, we measured serum tHcy and lipid
levels in mice. After 15 weeks on experimental diets, compared to the control group, serum
tHcy levels were significantly elevated by approximately 1.2-, 2.5-, and 1.7-fold in the HLP,
HHcy, and HHcy+FA+VB groups, respectively (P < 0.05; Figure 1). The HHcy group showed
the highest tHcy level among all groups (P < 0.05). Serum tHcy levels decreased by 23% in
the HHcy+FA+VB group compared to the HHcy group (P < 0.05). Consistent with this obser-
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vation, we found that serum lipid levels, including TC, TG, and LDL, were also higher in the
HLP group than in the control group (P < 0.05; Table 2). Serum TC, TG, and LDL levels in-
creased by 52, 72, and 138%, respectively, in the HHcy group compared with the HLP group.
The HHcy+FA+VB group, which was fed with a high-methionine diet plus folate and vitamin
B12 in ApoE" background mice, displayed lower TC, TG, and LDL levels than the HHcy
group (P < 0.05; Table 2). These findings indicated that HHcy and HLP were not only present
simultaneously in ApoE” mice, but also aggravated each other.
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Figure 1. Levels of serum total homocysteine (Hcy) in ApoE”" mice. ApoE”- mice were executed and serum total
Hcy was detected by the automatic biochemistry analyzer. Results are reported as means £ SE (N = 10). *P <
0.05 vs control; “P < 0.05 vs HLP; “P < 0.05 vs HHcy. HLP = hyperlipidemia; HHcy = hyperhomocysteinemia;
HHcy+FA+VB = HHcy supplemented with folate and vitamin B12.

Table 2. Levels of lipids in ApoE” mice.

Group TC (mM) TG (mM) LDL (uM) Ox-LDL
Control 2.06+0.11 0.43+0.14 0.41+0.01 52.60 +3.93
HLP 15.83 + 1.06* 0.92 +0.16* 0.79 + 0.07* 67.334+2.92
HHcy 24.02 +2.20" 1.58 +0.22° 1.88 + 0.42° 106.80 + 10.56"
HHey+FA+VB 1132083 0.77+0.19* 0.62 % 0.05* 70.94 +3.16*

Data are reported as means £+ SE for N = 10. After 15 weeks of feeding, blood was collected and serum lipids
were detected by an automatic biochemistry analyzer. *P < 0.05 vs control; “P < 0.05 vs HLP; *P < 0.05 vs HHcy.
TC = total cholesterol; TG = triglyceride; LDL = low-density lipoprotein; Ox-LDL = oxidized LDL. For other
abbreviations, see legend to Figure 1.

Hcy induced high concentration of serum SAM

SAM is an important methyl donor in vivo, which is converted to SAH by the removal
of the S-methyl group during the transmethylation reaction. After the mice were fed different
diets for 15 weeks, serum concentrations of SAM increased by approximately 3.0-, 3.6-, and
2.5-fold in the HLP, HHcy, and HHcy+FA+VB groups, respectively, compared to the control
group (P < 0.01, Figure 2A). The HHcy group displayed a higher SAM concentration than
the HLP group (P < 0.05). After treatment with folate and vitamin B12, we observed a 25%
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decreased concentration of SAM in serum compared with the HHcy group (P < 0.05). A simi-
lar trend was observed for the serum SAH concentration; all ApoE”~ groups displayed higher
concentrations of SAH than the control group (P < 0.05; Figure 2B). These findings indicated
that methylated activity was increased after Hcy stimulation.
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Figure 2. Results are reported as means + SE (N = 10). Serum SAM and SAH concentrations in ApoE” mice fed
different diets. After 15 weeks, blood was collected and serum SAM was detected by HPLC. *P < 0.05 vs control,
“P < 0.05 vs HLP; “P < 0.05 vs HHcy. HLP = hyperlipidemia; HHcy = hyperhomocysteinemia; HHcy+FA+VB
= hyperhomocysteinemia supplemented with folate and vitamin B12; SAM = S-adenosylmethionine; SAH =
S-adenosylhomocysteine.

Hcy induced B1 repetitive element hypomethylation in blood vessels

B1 repetitive elements have been preferentially retained in close proximity to genes that
perform specific functions in the cell, which are located in a mouse methylation center, and pro-
vide a target for de novo DNA methylation. Methylation of B1 repetitive elements can repress its
expression. We therefore determined the DNA methylation status of B1 repetitive elements in dif-
ferent tissues using nMS-PCR. DNA methylation of B1 repetitive elements in the HLP and HHcy
groups decreased by approximately 7.71 and 9.67%, respectively, compared to the control group
(P < 0.05; Figure 3). After treatment with FA and VB, we observed a 9.78% increase in DNA
methylation of B1 repetitive elements in blood vessels (P < 0.05). Although a slight difference in
methylation of B1 repetitive elements in blood vessels was observed between the HLP and HHcy
groups, the difference was not statistically significant (P > 0.05). Thus, we speculated that global
DNA methylation of blood vessels is an important feature in Hcy-induced atherosclerosis.
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Figure 3. Methylation expression of Bl repetitive elements in mice. After 15 weeks feeding different diets, blood
vessels were isolated and DNA was extracted. DNA methylation status of B1 repetitive elements was determined by
nested methylation-specific-polymerase chain reaction (nMS-PCR), and relative expression methylation of B1 repetitive
elements was calculated. Values are reported as means = SEM (N = 10). *P < 0.05 vs control; “P < 0.05 vs HHcy. M =
methylated PCR products; U = unmethylated PCR products. For abbreviations, see legend to Figure 1.

Hcy restrained DNMT1 expression

DNMTs are key enzymes involved in the DNA methylation process with respect to
reactions of methyl groups transferred to the C5 position of the cytosine base. DNMT1, the
first isolated and purified methyltransferase, is crucial for genomic integrity by preserving
DNA methylation patterns throughout development and during whole life periods. Our results
showed that the mRNA expressions of DNMT1 in ECs were degrading with increasing Hey
concentrations. Hcy concentrations of 50, 100, 200, and 500 uM showed 20, 78.06, 84.0, and
90.37% decreased expression compared to the control group (0 uM Hcey group; P <0.05 or P
< 0.01, Figure 4). ECs incubated with 100 uM Hcy and FA and VB exhibited approximately
346.38% increased expression levels compared to the Hey group. These data revealed that the
expression of DNMT1 might be suppressed by Hcy in ECs.
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Figure 4. mRNA expression of DNMT] in endothelial cells. Total RNA was extracted and cDNA was synthetized.
Then, mRNA levels of DNMT1 in endothelial cells were determined by qPCR. Data are reported as means + SE.
*P < 0.05 vs 0 uM group, “P < 0.05 vs 100 uM Hcy group. The results were repeated three times.
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Hcy increased LOX-1 mRNA and protein expression but weakened its methylation

LOX-1 is expressed in ECs, macrophages, and smooth muscle cells, and plays crucial
roles in atherosclerotic pathogenesis. In the presence of Hcy, the mRNA expressions of LOX-
1 were increased by approximately 1.46-, 4.10-, 9.20-, and 15.82-fold under different Hcy
concentrations (50, 100, 200, and 500 uM) compared to the control group (P < 0.05; Figure
5A). After treatment with FA and VB, mRNA expression of LOX-1 was decreased by 60.79%
compared to the 100 uM Hcy group. Consistent with the mRNA expression results, protein ex-
pression of LOX-1 also increased in the Hcy groups (Figure 5B). Concentrations of 100, 200,
and 500 uM Hcy elevated LOX-1 by approximately 24.97, 34.97, and 42.21%, respectively,
compared to the control group (P <0.05 and P <0.01). In the FA and VB group, LOX-1 protein
expression was degraded by approximately 5.30% compared to the 100 uM Hcy group (P >
0.05). In general, hypermethylation of DNA promoter regions inhibits gene expression. There-
fore, we further detected LOX-1 promoter region methylation by nMS-PCR. As expected, Hcy
significantly induced LOX-1 methylation compared to the control group (P < 0.01; Figure 5C).
Concentrations of 100, 200, and 500 uM Hcy degraded LOX-1 by 5.76, 7.62, and 9.62%,
respectively, compared to the control group (P < 0.05 and P < 0.01). We also found a 15% re-
duction of LOX-1 methylation in the FA and VB group compared with the 100 uM Hcy group.
These results suggested that Hcy weakened LOX-1 expression both at the transcriptional and
translational levels by boosting LOX-1 gene promoter region methylation.

Ox-LDL concentration in ECs

Ox-LDL has long been considered to be a factor involved in the initiation and progres-
sion of atherosclerotic plaques. Similar to the protein expression of LOX-1, the concentrations
of Ox-LDL were increased with increasing Hcy concentrations in ECs. Ox-LDL concentration
in the 50, 100, 200, and 500 uM Hcy groups increased by approximately 20.35, 43.66, 53.56,
and 108.31% compared to the control group (0 uM Hcy, P <0.05; Figure 6). In the FA and VB
group, there was a 20.55% decrease in Ox-LDL concentration compared to the 100 uM Hcy
group (P < 0.05).

DISCUSSION

In this study, we determined the global methylation of blood vessels in HHcy mice and
evaluated LOX-1 expression in HHcy ECs. We found a significant difference in global DNA
methylation rates in blood vessels of mice in the presence of HHcy. Moreover, LOX-1 DNA
showed hypomethylation in HHcy ECs.

Serum lipoprotein ApoE can clear Hey, which accelerates the generation and develop-
ment of atherosclerosis. Deficiencies in the ApoE gene or knockout ApoE genes may cause
HHcy. We found that serum tHcy levels in the HLA group (ApoE”- mice) were higher than in
controls, which indicated that the construction of the HHcy model was successful. We also
confirmed that serum tHey and lipid levels, including TC, TG, LDL, and Ox-LDL, were high-
est in the HHcy group among all groups. These results suggested that HLP and HHcy might
aggravate each other, the effect of HLA and HHcy were not independent, and there might be a
mechanism connecting HLP with HHcy.
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Figure 5. The mRNA, protein and methylation expressions of LOX-1 in endothelial cells. After Hey stimulation,
ECs were collected. Total RNA, protein and DNA were extracted for detecting the expression of mRNA (A),
protein (B) and methylation (C) by qRT-PCR, Western blot and nMS-PCR. Data are reported as means + SE. *P <
0.05 vs 0 uM Hcy group, *P < 0.05 vs 100 uM Hcy group. The results were repeated three times. M = methylated
PCR products; U = unmethylated PCR products.
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Figure 6. Ox-LDL concentrations in endothelial cells. Enzyme-linked immunosorbent assay (ELISA) was carried
out for detection of Ox-LDL in ECs. Data are reported as means = SE. *P < 0.05 vs 0 uM Hcy group, “P< 0.05 vs
100 uM Hey group. The results were repeated three times.
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One-carbon metabolism is critical for the availability of methyl groups and therefore
for the methylation of DNA, which might affect both hypomethylation and hypermethylation.
SAH, which is formed after donation of the methyl group of SAM to a methyl acceptor, is
reversibly hydrolyzed to adenosine and Hey by S-adenosylhomocysteine hydrolase. Increased
SAM concentration might represent an active methylation status. HHcy induced higher con-
centrations of SAM and SAH than HLA, which indicated that transmethylation was aug-
mented in the presence of Hcy. DNMT catalyzes the transfer of a methyl group from SAM to
the C5 of cytosine within CpG dinucleotide sequences in genomic DNA (Moarefi and Chedin,
2011), and it is divided into three families that are encoded by respective genes, including
the DNMT1, DNMT3a, and DNMT3b genes (Kinney and Pradhan, 2011). Different DNMTs
play distinct roles in the DNA methylation process. Maintenance of the methylation pattern is
achieved by DNMTT function during DNA replication, whereas de novo methylation is pri-
marily catalyzed by DNMT3a and DNMT3b (Pazienza et al., 2012). DNMT1 is a central com-
ponent of the epigenetic network that mediates transcription repression (Saunthararajah et al.,
2012). Overexpression of DNMT1 promotes global DNA hypermethylation (Biniszkiewicz et
al., 2002). In the current study, the concentration of serum DNMTT1 in mice and the mRNA
expression of DNMTT1 in ECs were detected. We found that serum DNMT1 decreased in the
HHcy group compared with other groups. Moreover, DNMT1 concentrations in ECs also
showed degradation after Hey stimulation. Decreased expression of DNMT1 and increased
activity of SAM further suggests that Hcy enhanced transmethylation.

DNA methylation influences gene expression, and as a result, the function of the altered
protein. Accordingly, global DNA hypomethylation, which may induce chromosomal instabil-
ity, has been associated with various diseases (Chalitchagorn et al., 2004; Suter et al., 2004).
Diverse patterns, including both increased and decreased DNA methylation, are seen across
several tissues with aging (Yung and Julius, 2008). Several studies have demonstrated global
DNA hypomethylation in atherosclerosis. Hypomethylation of the genome mainly affects the
intergenic and intronic regions of DNA, particularly the repetitive sequences and transposable
elements. B1 repetitive elements, a representative agent of the mice genome and a good predic-
tor of global methylation, are located in a mouse methylation center and provide a target for de
novo DNA methylation (Yates et al., 1999). Therefore, we further determined the methylation
status of B1 repetitive elements in blood vessels to investigate the genome methylation status.
We demonstrated a decrease in the methylation of B1 repetitive elements in blood vessels. One
possible mechanism for this result is that Hcy might have transferred a methyl to SAM through
the methionine cycle, and as a result, SAM transferred the methyl to B1 repetitive elements.

Vascular endothelial cell injury has long been known as a preliminary change in the
generation of atherosclerosis. Elevation of Hecy contents increases the permeability of human
intestinal microvascular endothelial cells through paracellular and transcellular transport path-
ways (Munjal et al., 2012). After Hey stimulation, Ox-LDL in ECs increased significantly, which
indicated that Hcy might promote LDL oxidization in vitro. Interestingly, the expression of the
Ox-LDL receptor, LOX-1, was also upregulated with respect to both mRNA and protein levels.
However, methylation of LOX-1 decreased after Hcy stimulation. These observations demon-
strated that LOX-1 DNA hypomethylation is a vital mechanism in Hcy-induced atherosclerosis.

Vitamin B12 is an essential micronutrient required for one-carbon metabolism and
branched amino acid catabolism, whereas folates play a critical role in maintaining DNA sta-
bility by donating one-carbon moieties (Duthie et al., 2010). It is likely that reduced dietary
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methyl donor levels or elevated Hey levels might lead to more hypomethylation and overex-
pression of methylation-sensitive genes. Our results showed that serum tHcy, lipids, SAM, and
SAH levels all increased, whereas DNMT expression decreased after vitamin B12 and folate
treatment in mice. Moreover, expression of LOX-1 in ECs decreased due to demethylation in
the presence of vitamin B12 and folate. According to our findings, and based on the effects of
vitamin B12 and folates in the methionine cycle, we concluded that vitamin B12 and folate
might alleviate Hcy-induced lipid deposition in the vessel wall. These results also demonstrated
that LOX-1 might supply methyl groups to other genes, including B1 repetitive elements.

In conclusion, we confirmed that Hey induced the dysfunction of global DNA meth-
ylation in blood vessels in ApoE”" mice, and that this process is, at least partially, mediated by
LOX-1 gene hypomethylation.
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