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Abstract. The present study aimed to investigate the corre-
lation between cystathionine [-synthase (CBS) T833C
polymorphisms and primary hypertension. A case-control
study was conducted by genotyping the representative varia-
tion in 545 hypertensive individuals (aged 49.23+7.56 years)
and 500 normotensive individuals (aged 49.90+10.01 years).
The T833C genetic polymorphisms of the CBS enzyme were
detected in all subjects by amplification refractory mutation
system polymerase chain reaction (PCR) analysis. The CBS
T833C polymorphism was successfully genotyped in the
general population with a sample size of 1,045 (545+500) indi-
viduals. The genotypic and allelic frequency distributions of
the CBS T833C polymorphism were not significantly different
between the hypertensive and normotensive groups (P>0.05).
The CC genotype was significantly different (P<0.05) from
the CT and TT genotypes in terms of body mass index (BMI),
and the levels of triglycerides (TG) and homocysteine (Hcy).
Multiple logistic regression analysis revealed that BMI, total
cholesterol (TC) level, smoking, plasma Hcy level and a family
history of hypertension were the independent risk factors for
hypertension in the population studied. The results indicate
that the level of plasma Hcy was a risk factor for hypertension
in the population studied. However, the mutation of the CBS
T833C gene was not concluded to be an important hereditary
factor for influencing the level of plasma Hcy.

Introduction

A number of environmental and clinical risk factors are
associated with essential hypertension (EH), including dietary
intake of sodium, alcohol intake, lack of exercise, a poor diet,
obesity, insulin-resistant diabetes and hyperlipidemia (1).
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Although these factors explain a substantial proportion of
hypertension susceptibility, it is estimated that up to 60% of
the variation in hypertension risk is due to the genetic makeup
of an individual (2).

The association between hypertension and hyperhomo-
cysteinemia and the risk of cardiovascular disease (CVD) has
been previously studied (3). The three major enzymes involved
in homocysteine (Hcy) metabolism are methylenetetrahydro-
folate reductase (MTHFR), methionine synthase (MS) and
cystathionine 3-synthase (CBS). A study has revealed that
the 677T MTHFR allele is associated with increased levels of
plasma Hcy in ethnic Europeans (4). A study of a population in
the Midwestern region of the USA demonstrated that a 68-bp
insertion in the CBS gene (844ins68) and the A2756G transi-
tion of the MS gene were associated with low levels of plasma
Hcy (5). To the best of our knowledge, a total of 132 muta-
tions in CBS have been identified to date with the majority
of these being missense mutations. The most frequent among
these is 1278T (c.833T>C), commonly found in Caucasians,
for which the clinical manifestation is mild and vitamin
B6-responsive (6). While there has been major focus on the
association between CBS T833C polymorphism and cerebral
arterial thrombosis in the Chinese population (7,8), few studies
have investigated its association with hypertension.

The Kazakhs, a nomad population that inhabit, among
other areas, the north of Xinjiang province in northwest China,
are characterized by a higher prevalence of hypertension and
higher levels of blood pressure (BP) compared with other
ethnic populations residing in the same area (9). Since hyper-
tension is a common disease among the Kazakh people, the
present study concentrated on the CBS T833C polymorphism
in order to investigate whether it was correlated with hyperten-
sion in Kazakh patients.

Materials and methods

Subjects. The sample size for the Kazakh hypertensive
group [systolic blood pressure (SBP) =140 mmHg or
diastolic blood pressure (DBP) =90 mmHg)] was 545
(male:female ratio, 409:136; mean age, 49.23+7.56 years;
SBP, 161.18+23.62 mmHg; DBP, 96.46+10.99 mmHg).
The sample size for the Kazakh normotensive control
group (SBP <140 mmHg and DBP <90 mmHg) was 540
(male:female ratio, 385:155; mean age, 49.90+10.01 years,
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Table I. Comparison of clinical characteristics in the Kazakh subjects.
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Characteristic Hypertension Normotension t/y? P-value
N (male/female) 545 (409/136) 540 (385/155) 1.93 0.16
Age (years) 49.23+7.56 49.90+10.01 0.56 0.57
Smoking (n/%) 390/71.6 325/60.2 15.61 0.02
Drinking (n/%) 387/71.0 330/61.1 11.85 0.01
BMI (kg/m?) 27.31+3.94 24.98+3.28 4.84 0.01
SBP (mmHg) 161.18+23.62 120.92+11.85 15.72 0.01
DBP (mmHg) 96.46+10.99 76.91+7.94 15.25 0.01
FPG (mmol/l) 5.83+1.17 5.56+1.67 2.06 0.04
UA (mmol/l) 294.69+59.20 282.27+34 .87 1.88 0.06
TC (mmol/l) 4.48+0.98 3.72+1.25 5.35 0.01
TG (mmol/l) 3.38+1.54 2.69+1.53 3.50 0.01
HDL (mmol/l) 1.21£0.33 1.19+£0.24 0.04 0.97
LDL, (mmol/l) 2.73+0.65 2.10+0.58 7.85 0.01
Hcy (#mol/l) 17.19+6.11 13.77+5.66 4.24 0.01

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting blood-glucose; UA, uric acid; TC, total
cholesterol; TG, triglyceride; HDL, high density lipoprotein; LDL, low density lipoprotein; Hcy, homocysteine.

SBP, 120.92+11.85 mmHg; DBP, 76.91+7.94 mmHg). The
subjects were selected from a population-based cross sectional
study performed during January March 2010 and August 2012
among the Kazakh population. The study concentrated on
isolated populations in a homogeneous environment. The
criteria for the selection of hypertensive subjects were a
SBP =140 mmHg, DBP =90 mmHg or anti-hypertension
treatment (10). The criteria for the selection of normotensive
control subjects was a SBP <140 mmHg, DBP <90 mmHg and
no history of anti-hypertensive medication. Individuals with
secondary hypertension (estimated by their history, examina-
tions and laboratory evaluation), serious arrhythmia, coronary
heart disease, liver and renal insufficiency, heart failure, cere-
brovascular accidents, acute and chronic infectious diseases,
cancer, and those using contraceptives were excluded from
the current study. All Kazakh subjects who participated in
the present study were residents of the Xinjiang autonomous
region of China, which has an established Kazakh population
who are considered to be less affected by the migration of the
Han Chinese. The characteristics of the subjects analyzed in
the present study are summarized in Table I. Written consent
was obtained from all subjects prior to data collection and
measurements. The current study was approved by the Ethics
Committee of the First Affiliation of Xinjiang Medical
University (Xinjang, China).

Study design and procedures. The blood pressure measure-
ments were performed by trained and certified observers
three times for each subject following at least 10 min of rest
in a sitting position. Weight and height were measured using
standard techniques with the participants in light clothing
and barefoot. Body mass index (BMI) was calculated as
weight (kg)/height (m?). Blood samples from the patients were
collected in the morning following overnight fasting from
the antecubital vein. The samples were divided into aliquots,

separated within 30 min and stored at -80°C until transporta-
tion for analysis. An enzyme-linked immunosorbent assay
(ELISA) was used to measure the levels of Hcy (11). In addi-
tion to performing a routine blood examination that included
lipid profiling, and glucose level, blood/urine electrolyte and
anthropometric measurements, all subjects completed a set
of questionnaires that included questions on demographic
information, personal history, family history of disease and
lifestyle.

DNA isolation. Genomic DNA was extracted from the blood
sample of each subject using the PAXgene™ gene blood DNA
kit (Qiagen, Hilden, Germany/BD Biosciences, Franklin
Lakes, NJ, USA).

Detection of the CBS T833C polymorphism. The CBS T833C
polymorphism was analyzed through amplification refractory
mutation system polymerase chain reaction (PCR) anal-
ysis (12). The forward primer (P1) was (5'-GGA GAA GTG
TCC TGG ATG CA-3'), the wild type reverse primer (P2) was
(5'-CCC TTC GGG ATC CAC CCC AA-3'") and the mutant
type reverse primer (P3) was (5'-CCC TT CGG GAT CC AC
CCC AG-3"). The PCR reaction was conducted with a final
volume of 20 ul in two tubes. The 10 ul reaction mix (Tarcine
BioMed, Inc., Beijing, China), 0.5 ul each primer, 8 1 ddH,0O
and 1 pl genomic DNA were used for the amplification.
Cycling conditions included an initial denaturation at 94°C for
5 min followed by 35 cycles with a fast denaturation at 94°C
for 60 sec, an annealing step at 60°C for 45 sec and an exten-
sion step at 72°C for 60 sec, with a final incubation for 7 min at
72°C. The amplification reaction was followed by digestion
with the reaction enzyme, MspAll (Fermentas Inc., Beijing,
China) at 37°C for 24 h and electrophoresis on a 2% agarose
gel. The PCR product was 867 base pairs in size (Fig. 1). CBS
TT and CC genotypes were identified as only one band (P1 vs.
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Table II. Genotype distribution and allele frequency of the CBS T833C polymorphism in the Kazakh population.
Genotype/allele Hypertension (n=545) Control (n=540) y*-value P-value
TT 283 (51.9%) 260 (48.1%) 2.03 0.36
CT 185 (33.9%) 190 (35.2%)

CcC 77 (14.1%) 90 (15.4%)
T 751 (68.9%) 710 (65.7%) 246 0.12
C 339 (31.1%) 370 (34.3%)

CBS, cystathionine (3-synthase; TT, homozygotic TT genotype; CT, heterozygotic CC genotype; CC, homozygotic CC genotype.
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Figure 1. CBS T833C gene polymorphisms. Lanes 1 and 1',2 and 2', 3 and 3'
were the same DNA samples; 1-3 were the P1/P2 polymerase chain reaction
(PCR) products; 1'-3' were the P1/P3 PCR products. 1, TT genotype; 2, CT
genotype; 3, CC genotype. CBS, cystathionine $-synthase.

P2 display respectively), while the CT genotype was identified
as two bands (P1 and P2 displays).

Statistical analysis. Statistical analysis was performed using
SPSS software, version 16.0 (SPSS, Inc., Chicago, IL, USA).
The Student's t-test or one-way analysis of variance (ANOVA)
was used to compare numeric variables. The % test was used
to determine any deviation in genotype distribution from
Hardy-Weinberg equilibrium and any differences in the
frequency of the CBS T833C polymorphism. The correlation
between risk factors and hypertension was assessed using
logistic regression analysis. The odds ratio (OR) with a 95%
confidence interval (CI) was determined. P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

Profile of the clinical characteristics of the study groups. The
demographic and clinical characteristics of the study popula-
tion are shown in Table I. Age and genders were comparable
in the two groups. The levels of smoking and drinking, BMI,
SBP, DBP, fasting plasma glucose (FPG), total cholesterol
(TC), triglycerides (TG), low density lipoprotein (LDL) and
Hcy were significantly higher in the hypertensive group
compared with those in the normotensive group (P<0.05). The
levels of uric acid (UA) and high density lipoprotein (HDL)
were not observed to be statistically different between the two
groups (P>0.05).

CBS T883C genotype and allele frequency distribution in the
Kazakh population. The distribution of the CBS T883C geno-
type identified in the two groups did not significantly deviate
from the Hardy-Weinberg equilibrium. CBS T883C genotypes
in the hypertensive and control subjects are shown in Table II.
No statistical difference in genotype distribution was identi-
fied between the hypertensive and control groups (P=0.36) and
no significant difference in allele frequency of the CBS T883C
polymorphism was observed between the two groups (68.9 vs.
65.7%, respectively, P=0.12).

Comparing the clinical characteristics in the CBS T883C
genotype. The clinical characteristics in the CBS T883C geno-
types of the Kazakh subjects are shown in Table III. BMI, TG
and Hcy were significantly different for the CBS CC genotype
than for the CBS TT and CT genotypes (P<0.05). SBP, DBP,
FPG, UA, TC, HDL and LDL were not significantly different
between the three genotypes.

Multivariate analysis of the CBS T833C polymorphism in the
Kazakh population. Table IV shows the multivariate analysis
of risk factors relating to hypertension and CBS T833C
under a conditional logistic regression model. The present
study revealed that BMI, TC, smoking, level of plasma Hcy
and a family history of hypertension were independently
correlated with a significant predisposition to hypertension
following adjustments for related risk factors including age,
gender and drinking. The CBS T833C polymorphism was
not found to be correlated with a significant predisposition
to hypertension.

Discussion

Hcy is an amino acid derived from the demethylation of methi-
onine. Hyperhomocysteinemia is associated with an increased
risk of several complex diseases, including CVD (13).
Hao et al (14) revealed a high prevalence of hyperhomocyste-
inemia in Chinese adults, with 18% having Hcy concentrations
>16.0 mmol/l. This was especially prevalent among males in
the north of China where 28% of adults (40% of males) had
Hcy levels above this, a four-fold increase compared with that
in the south. Published data suggest that concentrations of
plasma Hcy vary depending on age and have significant ethnic
and gender differences (15-17). Since the fruit and vegetable
intake of people in China relies on local and seasonal produce,
the intake of green-leaf vegetables with a high folate content
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Table III. Comparison of clinical characteristics in the CBS T833C genotypes in the Kazakh subjects.

Characteristic TT TC CC F-value P-value
BMI (kg/m?) 25.58+3.39 26.73+4.12 28.19+4 07" 6.85 0.01
SBP (mmHg) 145.57+27.78 144.62+28.60 142.06+27.25 0.21 0.82
DBP (mmHg) 88.43+13.35 89.14+14 .40 86.88+13.83 0.33 0.72
FPG (mmol/l) 5.65+0.88 5.80+1.21 5.79+0.76 0.66 0.51
UA (mmol/l) 288.87+39.05 295.29+67.09 276.97+35.65 1.59 0.21
TC (mmol/l) 4.02+1.20 4.32+1.16 4.29+0.95 1.97 0.14
TG (mmol/l) 243+1.43 3.08+1.28 3.34+1.28" 9.19 0.01
HDL (mmol/l) 1.18+0.31 1.19+0.32 1.04+0.27 1.69 0.19
LDL (mmol/l) 2.43+0.65 2.56+0.73 2.44+0.75 0.93 0.39
Hcy (umol/l) 15.36+5.73 15.62+6.32 16.31+£6.70* 595 0.01

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting blood-glucose; UA, uric acid; TC, total
cholesterol; TG, triglyceride; HDL, high density lipoprotein; LDL, low density lipoprotein; Hey, homocysteine; TT, homozygotic TT genotype;
CT, heterozygotic CC genotype; CC, homozygotic CC genotype. ‘P<0.05 vs. CBS TT and TC genotypes.

Table IV. Multivariate analysis for the CBS T833C polymorphism in the Kazakh population according to a conditional logistic

regression model.

Variable [-coefficient SE Wald 95% CI P-value
BMI 0.26 0.07 12.75 129 (1.12,1.49) 0.01
Age 0.05 0.03 2.90 1.05(0.99, 1.10) 0.09
Gender 0.24 0.50 0.23 1.26 (0.48,3.36) 0.63
Family history of hypertension 2.10 0.58 13.07 8.19 (2.62,25.65) 0.01
Smoking 298 0.81 13.70 9.68 (4.06,25.39) 0.01
Drinking 0.63 0.70 0.81 1.88 (0.48,7.45) 0.37
FPG -0.13 0.28 0.21 0.88 (0.51,1.51) 0.65
TC 0.55 0.22 6.39 1.72 (1.13,2.63) 0.01
TG -0.22 0.65 0.73 1.06 (0.48,2.36) 0.54
Hcey 0.81 0.37 4.74 2.25(1.09,4.69) 0.03
CBS T833C 0.04 0.03 1.58 1.04 (098, 1.11) 0.21

CI, confidence interval; BMI, body mass index; FPG, fasting blood-glucose; TC, total cholesterol, TG: triglyceride; Hcy, homocysteine; CBS,

cystathionine 3-synthase. SE, standard error.

is much higher in the south than in the north of the country.
The Kazakhs, as a nomad population, inhabit the north of
Xinjiang province in northwest China and 99% of them are
herdsmen. Their diet consists of a higher intake of salt than
of green-leaf vegetables. The present study identified that not
only traditional risk factors, including the levels of smoking
and drinking, BMI, SBP, DBP, FPG, UA, TC, TG, HDL and
LDL, but also Hey were significantly higher in subjects with
hypertension than in those with normotension (17.19+6.11
vs. 13.77+£5.66 umol/l, respectively). Thus, close monitoring
to control cardiovascular risk factors is recommended in the
Kazakh population.

CBS, one of the three major enzymes involved in Hcy
metabolism, catalyzes the initial step of the transsulfuration
pathway, which condenses Hcy and serine to produce cysta-
thionine and ultimately cysteine (18). Kozich and Kraus (19)

used a bacterial expression system and western blot analysis
to demonstrate that unstable CBS subunits were formed by
clones containing the 1278T (c.833T>C) mutation. They
suggested that the substitution of hydrophobic isoleucine
by a more hydrophilic threonine residue may affect the
CBS conformation or the interaction of the subunits, which
may result in an unstable tetrameric CBS. The human CBS
gene is located at chromosome 21q22.3 (20). A total of 132
mutations in CBS have been identified to date, with the
majority of these being missense mutations. Furthermore,
92 disease-associated mutations have been identified in the
CBS gene (21). The most frequently occurring of these is
1278T (c.833T>C), which substitutes threonine for isoleucine
at codon 278. A number of studies investigating the CBS
T833C polymorphism have focused on CVD (22,23). A
meta-analysis by Ding ef al indicated that the CBS T833C



polymorphism is associated with an increased risk of stroke,
and that the C allele is likely to be an important risk factor
for stroke (24). Fewer studies, however, have investigated
its association with hypertension, especially in the Kazakh
population.

To the best of our knowledge, the current study is the first
study to demonstrate a correlation between the CBS T833C
allele and hypertension in the Kazakh population (21). The
present study confirmed the presence of the CBS T833C
polymorphism in the Kazakh population and detected the
frequency of the TT, CT and CC genotypes, which were 51.9,
33.9 and 14.1%, respectively, in the hypertensive group, and
48.1,35.2 and 15.4%, respectively, in the normotensive group.
No statistically significant difference was identified in the
genotype distribution between the two groups. Furthermore,
the frequency of the T allele genotype in subjects with
hypertension (68.9%) was not statistically different from that
of subjects with normotension (65.7%), which demonstrated
that a single gene mutation does not have a significant
influence on hypertension in the Kazakh population. When
comparing the clinical characteristics among different CBS
T833C genotypes, the present study demonstrated significant
correlations not only between CBS T833C and BMI and TG,
but also between CBS T833C and Hcy. The C allele was
correlated with increased BMI, TG and Hcy. Multivariate
logistic analyses revealed that BMI, TC, smoking, level of
plasma Hcy and a family history of hypertension, but not
CBS T833C, were independent risk factors for hypertension
in the Kazakh population in Xinjiang. This indicated that not
only the T833C mutation of the CBS gene but other factors,
including age, smoking and the levels of TG and LDL, were
associated with Hcy metabolism.

Numerous studies have focused on investigating the
association between the methylene tetrahydrofolate reduc-
tase (MTHFR) C677T genetic polymorphism and primary
hypertension in the Chinese population. Zong et al (25)
demonstrated that the homozygous C677T mutation of the
MTHFR gene was a major heredity factor for increased levels
of Hcy and H-type hypertension in the Chinese population,
and that this was also related to gender. However, other studies
did not observe the same association between the Hcy gene
polymorphisms and primary hypertension (26-28). Though
the study by Zong et al revealed that Hcy was an independent
risk factor of primary hypertension in the Kazakh popula-
tion, it did not reveal that the CBS T833C mutations were
associated with primary hypertension in the Kazakh popula-
tion, which further demonstrates that a single factor and/or
gene locus is responsible for hypertension, in particular, in
the Kazakh population in Xinjiang. In addition, due to the
complexity of the Hcy metabolic pathway, the Hcy metabo-
lism may have been affected by certain interactions between
the three enzymes involved. Therefore, further large-scale
studies are required to be carried out among the Kazakh
population in the future, in particular examining polygenes
and multiple mutations.
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