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Abstract. The present study aimed to investigate the association 
between xanthine dehydrogenase (XDH) gene polymorphism 
and essential hypertension in the rural Han Chinese population 
of Fuxin, Liaoning. Han Chinese individuals, who had lived in 
rural areas of Fuxin, were selected as subjects for the present 
study. A total of 521 unrelated patients with hypertension were 
selected, along with a further 533 unrelated individuals with 
normal blood pressure, in order to serve as controls. Five tag 
single nucleotide polymorphisms (SNP) of the XDH gene were 
selected. An estimation of SNP allele frequency was deter-
mined using DNA pooling and pyrosequencing methods. Prior 
to Bonferroni correction, T allele frequency for rs206811 was 
significantly higher in patients with hypertension, as compared 
with the controls (64.1 vs. 59.4%; P=0.031); C allele frequency 
for rs1042039 was significantly higher in patients with 
hypertension, as compared with the controls (66.1 vs. 60.6%; 
P=0.011), C allele frequency for rs1054889 was significantly 
lower in patients with hypertension, as compared with the 
controls (38.8 vs. 44.8%; P=0.007); and A allele frequency for 
rs2073316 was significantly lower in patients with hyperten-
sion, as compared with the controls (29.2 vs. 34.4%; P=0.013). 
However, once a Bonferroni correction for multiple testing was 
applied, the XDH gene polymorphisms rs1042039, rs1054889, 
and rs2073316 were shown to be associated with hypertension 
(P=0.044, 0.035, and 0.039, respectively). These results suggest 

that the XDH gene polymorphisms rs1042039, rs1054889, and 
rs2073316 may be associated with hypertension in the rural 
Han Chinese population. 

Introduction

Essential hypertension (EH) represents a serious public health 
burden. Furthermore, EH is one of the most common and 
significant risk factors for coronary heart disease, stroke, and 
kidney diseases (1). In China, the prevalence of hypertension 
in adults was 33.5% in 2010, and ~4.5x106 people succumb to 
hypertension annually (2). A previous study suggested that an 
important risk factor for hypertension is genetic predisposi-
tion (3). In addition, environmental factors, including diet and 
various lifestyles modify blood pressure levels. The long‑term 
average heritability estimates of systolic blood pressure (SBP) 
and diastolic blood pressure (DBP) are 0.66 and 0.60, respec-
tively (4). Within the last few decades, the analysis of candidate 
genes has allowed the prediction of modifiable risk factors, as 
well as the development of novel treatments for hypertension. 
However, the extent of the role that genetic predisposition has 
in EH remains to be elucidated.

EH is currently accepted to be the result of numerous genetic 
and environmental factors, gene interactions, and gene‑environ-
mental interactions. The majority of the mutations responsible for 
EH directly affect the signal conducting system, or the function 
of the corticosteroid receptors. Increased renal salt reabsorption 
is accompanied by increased water reabsorption, resulting in 
increased blood pressure. It is well‑known that hyperuricemia 
and oxidative stress participate in the pathophysiology of 
hypertension, and xanthine dehydrogenase (XDH) produces 
urate in its oxidase isoform, which is a type of reactive oxygen 
species (5). XDH is associated with the oxidative metabolism of 
purines, and belongs to the group of molybdenum‑containing 
hydroxylases. XDH converts to xanthine oxidase by reversible 
sulfhydryl oxidation, or by irreversible proteolytic modification. 
Previous epidemiological studies have identified an association 
between increased levels of serum urate and cardiovascular risk 
among patients with hypertension (6‑8), thus suggesting that 
the XDH gene may be associated with constitutional suscepti-
bility to EH. The human XDH gene is located on chromosome 
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2p23.1 (9), and consists of 36 exons that encode a 1,333 amino 
acid protein. The present study carried out the genotyping of 
tag single nucleotide polymorphisms (SNPs) in both a large 
hypertensive population and a general population sample, in 
order to further investigate the association between the XDH 
gene and EH. The participants were recruited from the rural 
areas of Fuxin County, Liaoning, China.

Materials and methods

Population selection. The rural areas of Fuxin county, located 
in the northeast of China, are regions with high mortality due 
to EH. The prevalence of hypertension in Fuxin is 38.6% (10). 
During a mean follow‑up period of 28 months, ~29.6% of 
men and 23.4% of women developed EH in the rural areas of 
Fuxin (11). The salt intake of the population was >15 g/day, and 
the genetic background was normal. Subjects were selected 
from the residents living in 49 villages, in order to carry out 
the present study.

Criteria of subject inclusion and collection of data. Han 
individuals with a long‑standing ancestry in the rural areas 
of Fuxin were selected as participants for the present study. 
A total of 521 unrelated hypertensive patients >18 years‑old 
were selected with the following criteria for hypertension: 
Resting (sitting) systolic blood pressure (SBP) of ≥140 mm Hg, 
resting (sitting) diastolic blood pressure (DBP) of ≥90 mm Hg, 
self‑report of current antihypertensive treatment, or any 
combination of the above, and no clinical or biochemical signs 
of secondary hypertension. A total of 533 unrelated control 
subjects >40 years‑old were also selected with the following 
criteria: Resting (sitting) SBP of <140 mm Hg, and DBP of 
<90 mm Hg. Each subject gave a detailed interview regarding 
their medical history, smoking status, and alcohol use. All 
subjects were self‑identified as having four Han Chinese grand-
parents. Pregnant women and those with a history of cancer or 
congestive heart failure were excluded from the present study. 
The study was approved by the ethics committee of Shengjing 
Hospital of China Medical University (Shenyang, China), and 
all subjects provided written informed consent.

A standard questionnaire was used to collect demographic 
data (age, ethnicity), information on alcohol consumption, 
smoking, diabetes, and hypertension history including medi-
cation usage. All participants underwent complete physical 
examinations prior to blood sampling. Body weight, height, and 
waist circumference (WC) were measured with the participants 
wearing light clothing, without shoes. The body mass index 
(BMI) of the subjects was calculated using the following equa-
tion: BMI = weight (kg)/height (m2). The blood pressure of 
subjects was measured when they were in a seated position, with 
three blood pressure values being measured in a single visit, and 
the average of the last two measurements was recorded. The 
subjects were required to fast for ≥12 h prior to blood sampling. 
The levels of serum total cholesterol (TC), low‑density lipopro-
tein cholesterol (LDL‑C), high‑density lipoprotein cholesterol 
(HDL‑C), triglyceride (TG), serum creatinine, uric acid (UA), 
and fasting plasma glucose (FPG) were analyzed using an 
Olympus AU640 autoanalyzer (Olympus Corporation, Tokyo, 
Japan). Genomic DNA was extracted using a TIANamp Blood 
DNA kit (Tiangen Biotech, Co., Ltd., Beijing, China).

Hypertension is defined as an average SBP (≥140 mm Hg) 
and/or an average DBP (≥90 mm Hg), and/or the self‑report 
of current treatment for hypertension with antihypertensive 
medication (12).

Construction of DNA pooling. Large‑scale genotyping was 
performed on pooled DNA samples. DNA quality and quan-
tity were determined using a NanoDrop® spectrophotometer 
(Thermo Fisher Scientific, Inc., Wilmington, DE, USA). DNA 
samples with a 260/280 ratio of 1.65‑2.0, and a 260/230 ratio 
of 1.0‑2.2 were considered acceptable for pooling. A total of 
21 DNA samples from hypertensive subjects and 33 DNA 
samples from control subjects were excluded from the present 
study, due to the fact that the DNA was unsuccessfully extracted 
or unqualified. Therefore, the DNA samples from 1,000 subjects 
were statistically analyzed. The DNA samples were serially 
diluted to a concentration of 25 ng/µl. Following dilution, 
each DNA sample was quantified twice using the NanoDrop® 
spectrophotometer, and the mean was used to determine the 
concentration. A total of 100 ng individual DNA was assigned 
to individual DNA pools, yielding a total of ten independent 
DNA pools. The ten independent DNA pools were composed of 
five hypertensive pools and five controls pools, and each DNA 
pool included the DNA samples from 100 individuals.

Selection of SNPs and estimation of allele frequency. All the 
candidate loci of the XDH gene were assessed for tag SNPs 
using the HapMap database (http://www.hapmap.org/). SNPs 
which tagged common variants (minor allele frequency 
[MAF] ≥0.1) were selected in the HapMap CHB reference panel 

Table I. Polymerase chain reaction amplification primers, and 
pyrosequencing reaction extended primers (5'‑3').

SNP	 Primer sequence

rs206811
  Forward	 ATACTGACACCTTGTGGCAAACCA
  Bio extended	AAGTAGGTAACAGATTTGCAGCTTACAT
  Reverse	 TTCATAAAGGGCATCTC
rs1042039
  Forward	 AGTAATCTTGCTTTATGCAGCTTCACA
  Bio extended	AAATTTTGCAATGAGGCAGTGG
  Reverse	 CTTTCCAATGATTCAAAG
rs1054889
  Forward	 CCCTTTTATTGCTCCAAATGGTGAT
  Bio extended	TCTCTGGCAGAAGGTTGGATTTATACA
  Reverse	 TCACTGTCACATGCCT
rs2073316
  Forward	 TGCCATCACCGACTCACC
  Bio extended	CCTGGGGGTAATCTGAGACTTAGAG
  Reverse	 CCAGGGACATGGAGC
rs7574920
  Forward	 TTGTTTCCCATTCACCACTTGAT
  Bio extended	CCCATGAAAATGCGATCATTTCTT
  Reverse	 GCTGAATCTGTGGTGAG
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with r2≥0.9. The following tag SNPs of XDH were selected for 
further study: rs206811, rs1042039, rs1054889, rs2073316 and 
rs7574920. The allele frequency estimation of the tag SNPs in 
each DNA pool was determined using a pyrosequencing (PSQ) 
assay (Qiagen China, Co, Ltd., Shanghai, China) of polymerase 
chain reaction (PCR)-amplified genes according to the manu-
facturer's instructions (13). Allele frequency was measured three 
times for each pooled sample. PSQ assay software (PSQ96TM 
System; Pyrosequencing AB, Uppsala, Sweden) was used 
to design the PCR amplification and PSQ primers (Table Ⅰ). 
All primer sequences were provided in the 5'‑3' direction and 
were purchased from Takara (Shiga, Japan). Each biotinylated 
primer was indicated with 'Bio' preceding the oligonucleotide 
sequence. The PCR reaction mix (final volume, 40 µl) consisted 
of 1 µl cDNA sample, 4 µl 10X buffer (Takara), 3.2 µl dNTP 
(2.5 mmol/l; Takara), 0.4 µl forward primer (10 mmol/l), 0.4 µl 
reverse primer (10 mmol/l), 0.4 µl Takara hotstart Taq, and 
30.6 µl ddH2O. The PCR was initially performed for 3 min at 
95˚C, followed by 45 cycles of 10 sec at 95˚C, 20 sec at 60˚C, 
30 sec at 72˚C, and a final 5 min elongation step at 72˚C.

Statistical analysis. All data were expressed as the mean ± stan-
dard deviation. All statistical analyses were performed using 
SPSS 13.0 (SPSS, Inc. Chicago, IL, USA). A Fisher's exact test 
was applied to examine the association between the XDH gene 
SNPs and hypertension. Bonferroni correction was used for 
multiple testing as five polymorphisms were associated with 
hypertension. P<0.05 was considered to indicate a statistically 
significant difference.

Results

No significant difference was observed in the age, gender, 
FPG, HDL‑C, and TG of subjects with EH, as compared with 

the controls (P>0.05). Conversely, WC, BMI, TC, LDL‑C, Cr, 
and UA were significantly higher in the hypertensive patients, 
as compared with the controls (P<0.05). The basic characteris-
tics of the subjects are summarized in Table II. 

Table II. Basic characteristics of the selected subjects.

Parameter	 Case (n=500)	 Control (n=500)

Age (years)	 60±11	 59±9
Gender (male/female)	 249/251	 238/262
SBP (mmHg)	 162±21	 120±10a

DBP (mmHg)	 98±23	 76±8a

WC (cm)	 89±16	 81±13a

BMI (kg/m2)	 23.92±3.55	 22.81±2.90a

FPG (mmol/l)	 5.75±2.02	 5.72±2.01
TC (mmol/l)	 5.38±1.08	 5.16±1.02a

LDL‑C (mmol/l)	 3.05±0.85	 2.81±0.71a

HDL‑C (mmol/l)	 1.41±0.31	 1.47±0.35
TG (mmol/l)	 1.70±1.17	 1.68±1.05
Cr (µmol/l)	 90.11±12.35	 78.55±9.78a

UA (µmol/l)	 435.6±102.3	 387.3±83.7a

SBP, systolic blood pressure; DBP, diastolic blood pressure; WC, waist 
circumference; BMI, body mass index; FPG, fasting plasma glucose; 
TC, total cholesterol; LDL‑C, low‑density lipoprotein cholesterol; 
HDL‑C, high‑density lipoprotein cholesterol; TG, triglyceride; Cr, 
serum creatinine; UA, uric acid. aP<0.05, vs. hypertensive subjects.

Figure 4. rs1042039 case group 1 peak value.

Figure 3. rs1042039 control group 1 peak value.

Figure 1. rs206811 control group 1 peak value.

Figure 2. rs206811case group 1 peak value.
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For each pooled sample, the peak height of the SNP alleles 
was determined using the PSQ96 AQ software, and the ratio of 
one allele peak height to the sum of the heights of both allele 

peaks was calculated. Peak values of five SNPs of controls and 
hypertensives were shown in Figs. 1-10. Using the standard 
curve, the SNP allele peak height ratios were converted to 

Table III. Correlation analysis between xanthine dehydrogenase tag single nucleotide polymorphisms and hypertension.

	  Minor allele frequency (%)
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
SNP	 Case group	 Control group	 P‑value	 Pc‑value	 OR	 95% CI

rs206811	 T (64.1)	 T (59.4)	 0.031	 0.062	 1.220	 1.019‑1.462
rs1042039	 C (66.1)	 C (60.6)	 0.011	 0.044	 1.268	 1.056‑1.521
rs1054889	 C (38.8)	 C (44.8)	 0.007	 0.035	 0.781	 0.654‑0.933
rs2073316	 A (29.2)	 A (34.4)	 0.013	 0.039	 0.786	 0.651‑0.950
rs7574920	 C (60.9)	 C (63.9)	 0.166	 0.166	 0.880	 0.734‑1.055

SNP, single nucleotide polymorphism; CI, confidence interval; OR, odds ratio; Pc, Pearson coefficient.

Figure 5. rs1054889 control group 1 peak value.

Figure 6. rs1054889 case group 1 peak value.

Figure 7. rs2073316 control group 1 peak value.

Figure 8. rs2073316 case group 1 peak value.

Figure 9. rs7574920 control group 1 peak value.

Figure 10. rs7574920 case group 1 peak value.
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allele frequencies in the DNA pools. Allele frequency for 
each DNA pool was calculated as the mean value of the three 
replicates of each pooled sample. Using the previously deter-
mined allele frequencies of each DNA pool, the mean value 
of five DNA pools was then calculated in order to represent 
the allele frequency in hypertensives and controls. Prior to 
the application of Bonferroni correction, T allele frequency 
for rs206811 was significantly higher in hypertensives, as 
compared with controls (64.1 vs. 59.4%, P=0.031); C allele 
frequency for rs1042039 was significantly higher in hyper-
tensives, as compared with controls (66.1 vs. 60.6%, P=0.011), 
C allele frequency for rs1054889 was significantly lower in 
hypertensives, as compared with controls (38.8 vs. 44.8%, 
P=0.007); and A allele frequency for rs2073316 was signifi-
cantly lower in hypertensives, as compared with the controls 
(29.2 vs. 34.4%, P=0.013). Following Bonferroni correction 
for multiple testing, the rs1042039, rs1054889, and rs2073316 
polymorphisms of the XDH gene were associated with hyper-
tension (P=0.044, 0.035, and 0.039, respectively). All results 
are shown in Table III.

Discussion

PSQ provides an accurate and valid approach to allele 
frequency estimation in pooled DNA samples. Allele frequen-
cies in pooled DNA samples are strongly correlated with 
those of individual DNA samples across a wide range of allele 
frequencies (2‑50%). PSQ is able to detect an allele frequency 
difference of <2% between pools, indicating that this method 
may be sensitive enough for use in association studies involving 
complex diseases with a small difference in allele frequency 
between the subjects of interest, and the controls. Therefore, 
PSQ may provide an efficient method for reducing the labor 
and expense involved in similar experiments (14,15).

The sample size of the present study was small; however 
recruiting experimental subjects in rural China had benefits, 
insofar as the Han population exhibits relative genetic homo-
geneity. The selection of rural study sites was based on the 
homogeneity of the study population regarding their ethnicity 
and environmental exposures, including lifestyle, nutritional 
factors and habitual diet. The residents of these regions were 
of Han nationality, the ethnic majority in China. 

Inherited XDH deficiency was first reported by 
Dent et al (16), following which the importance of the XDH 
gene became apparent  (5,17‑20). One of the mechanisms 
that underlies high‑salt diet‑induced high blood pressure is 
oxidative stress  (21,22). In normotensive Sprague‑Dawley 
rats with high‑salt diets, a moderate blood pressure increase 
was observed (23). In the present study, the levels of UA in 
hypertensives was higher, as compared with the controls, 
which suggests that hyperuricemia may be associated with 
hypertension. Xanthine oxidoreductase is able to convert 
hypoxanthine to xanthine and xanthine to uric acid via its 
two inter‑convertible isoforms, XDH and xanthine oxidase 
(XO). Reactive oxygen species (ROS) have important roles in 
the pathogenesis of numerous cardiovascular diseases, such 
as hypertension, atherosclerosis, diabetes mellitus, and heart 
failure (24). The conversion of XDH to XO, and the increase 
of XO activity have been reported in hypertension (25‑27). 
Furthermore, treatment with XO inhibitors has been shown to 

normalize ROS levels in the microvessels of rats fed a high‑salt 
diet (28). These results suggested that XO may be an important 
source of ROS in patients with hypertension.

In the present study, tag SNPs were selected to perform a 
population‑based association analysis. Among the five SNPs, 
rs1042039 and rs1054889 were located on the 3'‑untranslated 
region, and the other three SNPs were located in the introns. 
Preliminary results demonstrated that rs206811, rs1042039, 
rs1054889, and rs2073316 were significantly associated 
with hypertension. However, when a Bonferroni correction 
for multiple testing was applied, rs1042039, rs1054889, and 
rs2073316 were associated with hypertension. These results 
suggested that polymorphisms of rs1042039, rs1054889, and 
rs2073316 may serve as regulatory regions for the XDH gene, 
which may regulate XDH expression, and further participate 
in blood pressure regulation. 

A previous study reported that the XDH gene was also 
associated with hypertension in the Japanese population (5). 
However, in the Japanese study, only common SNPs located 
on exons were selected. Many reasons may explain this, such 
as ethnicity, geography, and SNP selection differences. 

In conclusion, rs1042039, rs1054889, and rs2073316 poly-
morphisms of the XDH gene may be associated with EH in the 
rural Han Chinese population in Fuxin, Liaoning. However, 
future association studies using larger sample sizes and more 
diverse populations are required in order to confirm these 
preliminary results.
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