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INTRODUCTION

Hypertension is a major public health burden, and
about 31.1% of world’s adults had hypertension.™
According to the Results from the China Hypertension
Survey (2012-2015), 23.2% of Chinese adults had
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hypertension and 41.3% had prehypertension,
indicating that the burden of hypertension is also
very high in China. Hypertension is influenced by
susceptibility genes, environmental factors, and their
complex interactions.* Epigenetic modifications,
which provide a link between environment and gene
expression, are known to be involved in the development
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of hypertension via several mechanisms.”! For example,
DNA methylation, one of the most common epigenetic
modifications, usually occurs at CpG dinucleotides in
mammals.) DNA methyltransferase transfers a methyl
group to cytosine nucleotides on the promoter, likely
leading to the transcriptional silencing of gene expression.”!
Compelling evidence has indicated that aberrant DNA
methylation of the ADDI,®! GCK,”! and SHMT1! genes
contributes to the risk of hypertension.

Hyperhomocysteinemia is a well-known risk factor for
hypertension."!! Dihydrofolate reductase (DHFR) enzyme
is a cytosolic protein of 21.3 kDa, and nicotinamide adenine
dinucleotide phosphate is required as its coenzyme.!'
DHEFR converts folate derivatives to dihydrofolate and then
to tetrahydrofolate (THF). Eventually, via catalysis by the
enzyme methylene tetrahydrofolate reductase (MTHEFR),
THEF is converted to 5-methyl tetrahydrofolate (5-MTHEF),
which provides a methyl group to homocysteine
and influences its metabolism. The variations in the
noncoding regions of the DHFR gene affect the blood
homocysteine (Hcy) levels: deletion of a 19-bp region
in intron 1 can decrease Hcy levels, while variation in a
9-bp repeat in the CpG island may also lead to changes
in Hcey levels.®! However, the direct association between
DHFR promoter methylation and hypertension or Hcy
levels remains unclear. Thus, we aimed to investigate
the contribution of DHFR promoter methylation to the
occurrence of hypertension in a Chinese population.

MATERIALS AND METHODS

Subjects

In total, 371 hypertensive patients were recruited from
December 2018 to August 2019, all of whom were local
residents of Shenzhen (living in Shenzhen for at least
half a year) registered in the Hypertension Management
Information System in Nanshan Community Health Service

All patients registered in the Hypertension Management
Information System in Nanshan district, Shenzhen
from Dec, 2018 to Aug, 2019 (n=1538)

Definition of hypertension:
patients with SBP2140 mmHg
or/and DBP290 mmHg or self- < Exclusion criteria: @ patients with a
reported use of antihypertensive history of liver or renal insufficiency,
medications.(n=504) »-| secondary hypertension, cancer, or
other serious diseases; @ with a
history of taking vitamin B6, vitamin
B12, or folic acid supplements.(n=133)

y

cases and control were matched
by age and gender

healthy controls
(n=320)

Figure 1: The study flowchart

hypertensive case
(n=371)
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Centers [Figure 1]. Inaddition, 320 age-matched (+3 years)
and sex-matched healthy controls were also recruited from
the same communities. The data collection of the participants
was carried out simultaneously. According to the present
sample size, we used the formula: n= (1 + 1/c) g_p_ (Ua
+ UP)?/(p1 - p0)? where a =0.05 and ¢ = 0.863, and the
power of this case—control study was 91%, the § value was
0.09. The diagnostic criteria for hypertension were diastolic
blood pressure (DBP) 290 mmHg and/or systolic blood
pressure (SBP) 2140 mmHg or a history of antihypertensive
treatment. Furthermore, individuals with a history of liver
or renal insufficiency, secondary hypertension, cancer, or
other serious diseases or who previously took folic acid,
Vitamin B6, or Vitamin B12, which can directly influence
Hcy levels, were excluded. This study was approved by
the ethics committee of the Shenzhen Nanshan Center for
Chronic Disease Control. Informed written consent was
obtained from all participants (1120170008).

Physical examination

Physical examination included height, weight,
waist-hip ratio, and SBP and DBP measurements.
Mercury sphygmomanometers were used to measure
the participants’ blood pressure on their right arm after
5 min of sitting. Inextensible anthropometric tapes were
used to measure the waist and hip circumferences. All
physical examinations were performed by professional
medical staff.

Biochemical measurements

After the participants were fasted for 12 h, their blood
samples were collected in EDTA anticoagulant tubes
and were immediately transported to the laboratory in a
cryogenic sampling chamber for further investigations or
stored at —80°C in an ultra-low temperature freezer. The
plasma levels of fasting blood Hcy, uric acid, triglyceride,
total cholesterol, low-density lipoprotein (LDL), and
glucose (Glu) were measured using an automatic
biochemical analyzer (HITACHI 7080, Tokyo, Japan).

Detection of DNA methylation levels

SYBR green-based quantitative methylation-specific
polymerase chain reaction (QMSP) was used to measure the
level of DHFR promoter methylation. The DNA extraction,
bisulfite DNA modification, and qMSP procedures
were followed as described in previous studies."**! The
following primers were used for qMSP of the DHFR
promoter: forward, 5-TATTTGAGCGGTGGTTAG-3'
and reverse, 5'-TCTACTATAACGAACGAACTC-3'. The
thermal cycling conditions were one initial denaturation
step at 95°C for 10 min, followed by 45 cycles of
denaturation at 95°C for 20 s, annealing at 56°C for 45 s,
and extension at 72°C for 20 s. A melting curve analysis
was performed under the following conditions: holding at
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95°C for 155, cooling to 60°C for 60 s, and slowly heating to
95°C at the rate of 0.11°C/s. The percentage of methylated
reference (PMR) was used to represent the level of DHFR
promoter methylation.

Statistical analysis

The differences in normal distribution continuous and
categorical variables between the hypertensive patients
and healthy controls were examined by the t-test and
Chi-square test, respectively. The levels of DHFR promoter
methylation are skewed distribution and expressed as the
median (interquartile range), and comparison between
the levels was performed using the Mann-Whitney U-test.
In addition, the Chi-square test was used to explore the
relationship between the DHFR promoter methylation and
clinical characteristics, and DHFR methylation was divided
into hypermethylation and hypomethylation based on the
cutoff value of the receiver operating characteristic (ROC)
curve. A multivariate logistic regression analysis model was
used to determine the relationship between the level of DHFR
methylation and the risk of hypertension after adjusting for
potential confounding variables. In addition, the area under
the ROC curve (AUC) was used to evaluate the diagnostic
value of DHFR methylation for hypertension. The multiple
imputation method was used to impute the missing data. All
statistical analyses were performed using PASW Statistics
version 18.0 (IBM SPSS Statistics, ARMONK, USA), and a
two-sided P <0.05 was considered as statistically significant.

RESULTS

Characteristics of cases and controls

In total, 371 hypertensive patients and 320 age- and
sex-matched healthy controls were recruited in the present
study. The baseline study flowchart of the patients and
controls are shown in Table 1. Figure 2a shows the DHFR

promoter assay used to determine DHFR methylation
levels. Figure 2b shows the quality of extractive DNA
assay and bisulfite conversion. Significantly higher body
mass index (BMI), plasma Glu levels, SBP, and DBP
were observed in hypertensive patients than in healthy
controls (all P <0.001), whereas the LDL levels were lower
in hypertensive patients than in healthy controls (P <0.001).
The DHFR methylation levels (median [interquartile
range]) were significantly higher in hypertensive
patients (34.32% [11.34%-119.60%]) than in healthy
controls (18.45% [8.16%-35.40%]) (P <0.001). The Hcy levels
were also higher in hypertensive patients than in healthy
controls (16.49 + 11.40 umol/L vs. 14.34 + 5.97 umol/L,
P =0.001).

Table 1: Characteristics of cases and controls

Healthy Hypertensive t/y? P

controls cases
Age (years) 65.39+9.14 66.39+9.27 -1.45 0.148
Gender (men/women) 165/155 205/166 0.94 0.332
BMI (kg/m?) 23.51+£3.09 24.36+2.95 -3.77 <0.001
WHR 0.91+0.10 0.91+0.10  -1.25 0.212
SBP (mmHg) 123.90+13.83 134.00+16.26 -8.91 <0.001
DBP (mmHg) 77.38+8.50  82.45%10.93 -6.87 <0.001
Hey (umol/L) 14.34+5.97 16.49+11.40 -3.11 0.001
UA (umol/L) 360.48+90.67 357.39+£95.75 0.44 0.658
TG (mmol/L) 1.83+1.47 1.90+£1.50  -0.59 0.556
TC (mmol/L) 5.11£0.98 5.12+0.99 -0.13 0.893
LDL (mmol/L) 3.19+0.76 2.98+0.75 3.67 <0.001
Glu (mmol/L) 5.05+1.28 5.65+1.28  -6.33 <0.001
Smoking (no/yes) 273/47 332/39 2.75 0.097
Drinking (no/yes) 206/114 234/137 0.13  0.730
PMR-DHFR (%) 18.45 34.32 -6.03 <0.001

(8.16-35.40) (11.34-119.60)

WHR=Waist-hip ratio; Hcy=Plasma homocysteine; UA=Uric acid; TG=Triglyceride;
TC=Total cholesterol; LDL=Low-density lipoprotein; Glu=Blood glucose; BMI=Body
mass index; SBP=Systolic blood pressure; DBP=Diastolic blood pressure;
PMR=Percentage of methylated reference; DHFR=Dihydrofolate reductase
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Figure 2: Methylation assay of dihydrofolate reductase gene and its quality control.? (a) The target sequence is located on the CpG island of dihydrofolate
reductase gene (location). F = Forward primer; R = Reverse primer. (b) The fragment length of MSP product is 131 bp
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Association between promoter methylation of
dihydrofolate reductase and hypertension and baseline
characteristics

As shown in Table 2, the adjusted risk of DHFR promoter
hypermethylation was significantly higher in hypertensive
patients than in healthy controls (odds ratio [OR] =3.94,
95% confidence interval [CI] =2.56-6.02). Men showed a
higher risk of hypermethylation than women (OR = 1.78,
95% CI = 1.36-2.33). Individuals with Hcy levels >15
mmol/L and alcohol drinkers also exhibited a higher risk
of hypermethylation (OR = 1.27, 95% CI = 1.00-1.60 and
OR =1.66, 95% CI = 1.04-2.64, respectively). However, the
risk of DHFR promoter methylation was not associated with
age, BMI, and LDL levels [Table 2].

Diagnostic value of dihydrofolate reductase methylation
in hypertension

AUC values were used to indicate the diagnostic value of
DHEFR promoter methylation levels for hypertension. The
AUCvalue was 0.628 (0.585-0.668) in total, 0.688 (0.625-0.737)
in men, and 0.545 (0.488-0.613) in women [Figure 3].

DISCUSSION

Our matched case-control study revealed that DHFR
promoter hypermethylation increased the risk of
hypertension. DHFR enzyme plays an important role in
Hcy metabolism. Hyperhomocysteinemia is a well-known
risk factor for hypertension.!'!l In a previous study,
hyperhomocysteinemia was found to increase the risk of

hypertension by approximately 36%.11 A high level of
DHFR promoter methylation may reduce the expression
of DHFR enzyme,”! thereby contributing to the decrease
in 5-MTHEF levels. As a methyl donor of Hcy metabolism,
the decrease in 5-MTHF levels leads to significant
accumulation of Hcy, further increasing the risk of
hypertension. In the present study, after adjusted age,
gender, BMI, LDL, and drinking status, we also found that
DHFR promoter hypermethylation associated with high
Hcy levels (OR = 1.27), suggesting that DHFR promoter
hypermethylation results in hypertension by increasing the
Hcy levels in Chinese.
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Figure 3: Receiver operation characteristics curve of dihydrofolate reductase
methylation in hypertension

Table 2: Association between promoter methylation of dihydrofolate reductase and hypertension and baseline

characteristics

n Hypomethylation Hypermethylation OR (95% CI) P
Case 371 214 157 3.94 (2.56-6.02)* <0.001
Control 320 269 51
Gender
Men 205 97 108 1.78 (1.36-2.33) <0.001
Women 166 117 49
Age (years)
>65 232 129 103 1.26 (0.82-1.93) 0.295
<65 139 85 54
BMI (kg/m?)
>24 203 115 88 1.10 (0.73-1.66) 0.658
<24 168 99 69
Hey (mmol/L)
>15 166 86 80 1.27 (1.00-1.60) 0.049
<15 205 127 78
LDL (mmol/L)
>3.12 165 101 64 0.77 (0.51-1.17) 0.218
<3.12 206 13 93
Drinking
Yes 97 47 50 1.66 (1.04-2.64) 0.032
No 274 167 107

*Adjusted for age, gender, BMI, Hey, LDL, drinking. The methylation level of DHFR=51.08% was considered as hypermethylation and<51.08% was considered as hypomethylation.
BMI=Body mass index; Hcy=Plasma homocysteine; LDL=Low-density lipoprotein; DHFR=Dihydrofolate reductase; OR=0dds ratio; Cl=Confidence interval
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We observed that men are more likely to have higher DHFR
methylation levels and the diagnostic value is higher in men.
A possible explanation for this phenomenon is the effects of
sex hormones.l'”? The DNA methylation level is influenced
by sex hormones. Estrogen has been found to increase the
DHFR gene expression in methotrexate-resistant human
breast cancer cells."® Blood pressure is also affected by sex
hormones. For example, estrogen reduces blood pressure by
binding to estrogen receptor alpha expressed by the medial
amygdalaneurons, and testosterone elevates blood pressure
through the renin-angiotensin-aldosterone system.**!! Thus,
we speculate that the presence of sex hormones interferes with
the effect of DHFR promoter methylation on blood pressure,
but this needs to be evaluated in further studies.

In one study, alcohol consumption was found to increase
the level of global DN A methylation.? Consistent with that
study, we also found that alcohol consumption increased the
risk of hypermethylation, thus contributing to hypertension.
Alcohol can be viewed as a drug or a potentially poisonous
solvent, in which case, the relationship of hypermethylation
and alcohol consumption could be explained as the gradated
cellular responses to an exogenous toxin.!

To the best of our knowledge, this was the first study
to evaluate the association between DHFR promoter
methylation and hypertension in a matched case—control
study. However, the following limitations should be
noted. First, the participants included in our study were
limited to the residents of Shenzhen, which may limit the
generalizability of our findings. Second, several genes,
such as MTHFR, MS, and MTRR,? are involved in Hcy
metabolism but were not investigated in this study; thus,
methylation of other genes needs to be investigated in future
studies. Third, we did not investigate other mechanisms
of epigenetic regulation, such as histone modification
and miRNA action, which also contribute to gene
expression; thus, further studies are warranted to explore
other mechanisms of epigenetic regulation in relation
to hypertension. At last, antihypertensive drugs could
inevitably affect the level of gene methylation expression.

CONCLUSION

Our matched case-control study suggested that
hypermethylation of DHFR promoter increased the risk
of hypertension, especially in males. The DHFR promoter
methylation may serve as an indicator for the diagnosis
of hypertension. To prevent hypertension, more attention
needs to be paid to changes in the methylation levels.
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