Int J Clin Exp Med 2015;8(10):17703-17711
www.ijcem.com /ISSN:1940-5901/1JCEM0012003

Original Article

Association of MTHFR genetic polymorphisms
with venous thromboembolism in Uyghur
population in Xinjiang, China

Zhao Lit, Umesh Yadav?, Ailiman Mahemuti?, Bao-Peng Tang?!, Halmurat Upur?

1Heart Center, First Affiliated Hospital of Xinjiang Medical University, Xinjiang, China; ?Basic Medical College, Xinjiang
Medical University, Xinjiang, China

Received June 27, 2015; Accepted September 10, 2015; Epub October 15, 2015; Published October 30, 2015

Abstract: Background: The aim of this study was to reveal the association between Methylene tetrahydrofolate re-
ductase (MTHFR) gene mutations (C677T, A1298C and C1317T) and risk of venous thromboembolism (VTE) in Han
and Uyghur population in Xinjiang. Material and method: We conducted a case control study composed of 246 cas-
es, including 86 Uyghur and 160 Han ethnic diagnosed VTE were admitted in the First Affiliated Hospital of Xinjiang
Medical University between January 2008 to December 2012, and 292 population including 122 Uyghur ethnic and
170 Han ethnic were studied as controls. To detect the polymorphism of MTHFR gene C677T, A1298T, and C1317T,
Polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) was applied. Fluorescence polar-
ization immunoassay was adopted to determine the plasma levels Homocysteine (Hcy), folic acid and vitaminB,,
(VitB,,). The association of the polymorphism of MTHFR and levels Hey, folic acid and VitB,, with VTE was analyzed.
Results: The MTHFR gene C677T genotypes distribution in Uyghur VTE patients and control groups were: TT (27.91%
vs. 12.29%), CT (41.86% vs. 52.46%) and CC (30.23% vs. 35.25%), respectively; and in Han VTE patients and con-
trol groups were: TT (27.49% vs. 14.71%), CT (44.38% vs. 53.53%) and CC (28.13% vs. 31.76%), respectively, and
there were significant differences in TT genotype of MTHFRCG77T between VTE patients and controls in both Uyghur
and Han ethnic (Uyghur: x>=8.070, P=0.005; Han: x>=8.159, P=0.004). However, there were no significant differ-
ences in the MTHFR gene A1298T and C1317T genotyping distribution frequency in Uygur and Han ethnic between
VTE patients and controls (P>0.05). Plasma levels of Hcy in MTHFR gene TT genotype were statistically higher than
CT and CC genotype (P<0.05). After adjusting for age, gender, smoking, hypertension, hyperlipidemia, diabetes and
MTHFR genotype for plasma Hcy levels, multifactor logistic regression analysis showed (OR=1.025, 95% Cl 1.003-
1.046, P=0.024) and obesity (OR=4.660, 95% Cl 1.417-15.324, P=0.011) were independent risk factors for Uygur
ethnic with VTE while plasma Hcy levels (OR=1.020, 95% Cl 1.006-1.034, P=0.004) and smoking (OR=2.867, 95%
Cl 1.062-6.586, P=0.024) were independent risk factors for Han ethnic with VTE. Conclusions: Our finding supports
significant role of MTHFR gene in VTE and evidence of genetically determined HHcy contribute a risk for VTE, and a
smoker with tHcy has positive association with a risk of VTE.
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Introduction known independent risk factor for cardiovascu-
lar disease worldwide [2], but data with gene-
tically evidence have inconclusive results in
developing countries. HHcy is associated with
increased risk factor for VTE [3, 4]. However
there are conflicting data regarding MTHFR

gene mutations in Asian patients with venous

Venous thromboembolism (VTE) is a serious
health problem with pathogenic contributions
from both genetic and environmental factors
[1]. Hyperhomocysteinemia (HHcy) has been
identified as an independent risk factor of ath-

erosclerotic and thromboembolic disease, re-
sulting from genetic and nutritional disorder
in homocycteine metabolism. Low folate level,
Vitamin B12 concentrations associated with
elevated plasma total homocysteine (tHcy) are

thromboembolism.

The most frequent genetic causes for mild HHcy
is linked to A common C to T transition and A to
C transition at nucleotide 677 (C677T) and
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Table 1. Clinical characteristics and blood parameters measured in the study subjects of Uyghur and
Han population

o Uyghur Han
Clinical
characteristics VTE (n=86) Controls (n=122) " VTE (n=160) Controls (n=170) P
value value
Men (n (%)) 41 (47.67) 64 (52.46) 0.574 76 (47.50) 91 (53.53) 0.322
Age (years) 51.61+13.73 53.52+13.64 0.386 57.41+13.25 55.82+11.83 0.291
Smoking (n (%)) 43 (50) 43 (35.25) 0.045 91 (56.88)_ 65 (38.24) 0.001
Drinking (n (%)) 55 (63.95) 86 (70.49) 0.000 70 (43.75) 53 (31.18) 0.023
Hypertension (n (%)) 24 (27.91) 28 (22.95) 0.422 102 (63.75) 90 (52.94) 0.058
Diabetes (n (%)) 18 (20.93) 14 (11.48) 0.079 33 (20.63) 23 (13.53) 0.106
Obesity (n (%)) 45 (52.33) 38 (31.15) 0.004 70 (43.75) 53 (31.18) 0.023
BMI (kg/m?) 27.61+£3.13 29.32+2.76 0.006 25.90+3.63 24.52+2.74 0.000
TG (mmol/L) 1.21(0.851, 51) 1.86 (1.18, 2.35) 0.000 1.39(0.90, 1.73) 1.60 (1.14, 2.03) 0.001
TC (mmol/L) 3.81+1.27 4.16+1.91 0.046 4.16+1.0 3.81+0.92 0.002
HDL-(mmol/L) 0.95+0.38 0.97+0.25 0.701 1.05+0.29 0.90+0.51 0.003
LDL-C (mmol/) 2.43+0.78 2.50+0.76 0.561 2.47+0.77 2.54+1.06 0.499
FIB (g/L) 6.47+2.74 3.61+1.22 0.054 6.61+4.52 3.52+1.51 0.067
IL-6 (pg/mL) 61.14 (31.3-94.27) 68.6(39.22-106.94) 0.002* 65.1(30.83-93.65) 64.5 (40.44-112.83) 0.002*
CRP (pg/mL) 27.82 (21.12-36.43) 21.60 (15.53-24.26) 0.000* 26.7 (21.23-35.14) 22.56 (15.35-25.32) 0.000*
Hey (mmol/L) 27.87+9.51 21.87+8.67 0.002 27.87+8.67 22.87+9.67 0.003
VitB12 (mg/mL) 250.27+202.11 504.27+252.17 0.022 295.27+154.16 415.27+112.11 0.032
Folate (pg/mL) 6.15+2.21 8.32+3.21 0.035 5.27+2.74 7.84+2.54 0.013

Notes: BMI= body mass index; Cr= creatinine; UA= uric acid; TG= triglyceride; TC= total cholesterol; HDL-C= high-density lipoprotein cholesterol;
LDL-C= low-density lipoprotein cholesterol; FIB= Fibrinogen; IL-6= interleukin-6; CRP= C-reaction protein. P value = case compared with control;
Hcy= homocyteinemia; *P<0.05.

ticularly in Caucasian population are associat-
ed with mild HHcy, with evidence of point mu-
tation in the MTHFR gene (C677T) [7]. It was
found that widespread of an allele in American
Indian populations are far more than Caucasian
populations and very less among African
Americans [8, 9].

In order to better define the role of MTHFR and
its genetic polymorphisms in the development
of VTE in Han and Uyghur population in Xinjiang,
the present study was performed. Additionally,
exploring the genetic risk factor and total tHcy

Figure 1. Restriction fragment length polymorphism

analyses for determination of MTHFR C677T geno- levels, we analyzed the relationship between
type. The CC genotype shows one band of bp (1 and VTE and its polymorphism involved in total tHcy
3); the TT genotype shows one band of bp (2); the CT remethylation to methionine. The MTHFR poly-
genotype shows two band of bp (4 and 5). morphism adenine-to-cytosine (A1298C) and

thymine-to-cytosine (T1317C) takes part in
1298 (A1298C) respectively of the MTHFR folate coenzyme.

gene coding sequence [5]. Prediction for in-
creased homocysteine levels due to reduced

Materials and methods

MTHFR enzyme activity are the result of Study population

Homozygosity for MTHFR C677T (TT), A1298C

(CC), and compound heterozygosity for C677T Two patient groups (Han and Uyghur) with VTE
and A1298C (677CT/1298AC) genotype [6]. were studied independently (Table 1). One hun-
Individuals with low plasma folate levels, par- dred Han patients and one hundred Uyghur
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Figure 2. Nucleotide sequences around the MTHFR C677T polymorohism.

Figure 3. Restriction fragment length polymorphism
analyses for determination of MTHFR A1298T geno-
type. 1 and 1’, 2 and 2’, 3 and 3’, 4 and 4’ are all
the same DNA samples; 1-4 are the P1/P2 PCR pro-
ducts; 1’, 2, 3’, 4’ are the P1/P3 PCR products; 1, 2:
AA genotype; 3, 4: AC genotype; 5: Ccgenotype.

patient diagnosed with VTE were recruited at
the First Affiliated Hospital of Xinjiang Medical
University from January 2006 to December
2012. They are grouped as the first VTE group
and second VTE groups, respectively. We pre-
ferred healthy participants for each VTE patient
group matched for sex, ethnicity, and age as
the controls. Control subjects were selected
from the Physical Examine Centre of Xinjiang
Medical University. Approval of this study was
confirmed by the Ethics Committee of the First
Affiliated Hospital of Xinjiang Medical University
(Xinjiang, China). All the participants take part
in written informed consent.

Definition of the cardiovascular risk factor

Hypercholesterolemia was defined as serum
cholesterol more than 6.1 mmol/L (235 mg/dl).

17705

Hypertension was considered if the mean sys-
tolic pressure was above 140 mmHg and/or
diastolic pressure was above 90 mmHg, addi-
tionally if the patient was taking antihyperten-
sive medications. Smokers were grouped into
current smokers or non-smokers, however for-
mer smokers were included who had quit smok-
ing for at least six months before the study.
Diabetes mellitus was defined if fasting glucose
in the serum was 126 mg/dl or higher. Height
and Weight were measured. Body mass index
(BMI) was measured as total body weight (kg)/
height squared (m?2).

Blood sampling

For isolation of DNA, measurement of routine
chemical variables and lipoprotein and apolipo-
protein levels, fasting blood samples were
measured. Conventional methods of clinical
chemistry were applied for the measurement of
total cholesterol, HDL-cholesterol, and triglycer-
ide levels. We used the Friedewald formula to
measure LDL-cholesterol levels. To determine
the homocysteine levels, fasting blood samples
were obtained into EDTA vials with ice packed
immediately and were centrifuged within 30
min to avoid false increases in homocysteine
due to release from red blood cells. tHcy was
obtained with an immunoassay (Axis Bioche-
micals, Oslo, Norway).

Biochemical determinations

Total Genomic DNA was isolated from periph-
eral blood leukocytes by the phenol/chloroform
extraction procedure (Tiangen Biotech Beijing

Int J Clin Exp Med 2015;8(10):17703-17711
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Figure 4. Nucleotide sequences around the MTHFR A1298T polymorohism.

Figure 5. Restriction fragment length polymorphism
analyses for determination of MTHFR C1317T geno-
type.

Co. China). Polymerase chain reaction and res-
triction fragment length polymorphism (PCR-
RFLP) (PCR Ampfier: MJ Research CO. USA) was
used for the genotype analysis. Briefly, 500 ng
genomic DNA was amplified with 7 p mole ea-
ch of the MTHFR gene C677T forward primer
F: 5-TGAAGGAGAAGGTGTCTGCGGGA-3' and
the reverse primer R: 5-AGGACGGTGCGGTG-
AGAGTG-3'. (primer maker: Sangon Biotech
Shanghai, China) The following PCR parameters
were used: denaturation cycle at 94°C for a 5
min and 38 cycles of the following: 96°C for 1
min, 56°C for 1 min, and 72°C for 1 min, fol-
lowed by al0-min extension cycle at 72°C. A
54l aliquot of the 198-bp PCR product was
digested with 4 pL of 10x Mboll buffer and five
units of Mboll restriction enzyme (Fermentas
Company, USA) incubated at 37°C overnight.
The PCR Digestion products were silver-stained
after electrophoresis separated by 3% agarose
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gel (Fermentas Company, USA). The MTR PCR
product of 198 bp was cut into fragments of
175 and 28 bp in the presence of the mutation
(Figures 1 and 2).

Briefly, 500 ng genomic DNA was amplified with
7 pmol each of the MTHFR gene A1298T for-
ward primer F: 5-TCTTTG TTCTTGGGAGCGG-3’
and the reverse primer R1: 5-CGAAGACTT-
CAAAGACACTTG-3’, R2: 5-CGAAGACTTCAAA-
GACACTTT-3. (primer maker: Sangon Biotech
Shanghai, China) PCR thermal cycling condi-
tions were as: denaturation cycle at 95°C for 2
min and 35 cycles of the following: 94°C for 40
s, 50°C for 40 s, and 72°C for 1 min. This was
followed by a 10-min extension cycle at 72°C.
Haelll restriction digestion using 1 ul of 10x%
Haelll buffer (Fermentas Company, USA) and
five units of Haelll restriction endonuclease
(Fermentas Company, USA) added to 8.5 ul of
PCR product incubated at 37°C overnight.
Digestion products were silver-stained after
electrophoresis separated by 3% agarose gel
(Fermentas Company USA). The MTR PCR prod-
uct of 189 bp was cut into fragments of 159
and 30 bp in the presence of the mutation.
Sequencing reactions were undertaken by
Biomed (Beijing Biomed Co.) (Figures 3 and 4).

Briefly, 500 ng genomic DNA was amplified with
7 p mol each of the MTHFR gene C1317T for-
ward primer F: 5-ACAGGATGGGGAAGTCACAG-3’
and the reverse primer R: 5~ AGGAGGAGCTGC-
TGAAGATG-3’ (primer designer: Sangon Biotech
Shanghai, China). The following PCR parameters
were used: denaturation cycle at 95°C for a 5
min and 30 cycles of the following: 94°C for 1

Int J Clin Exp Med 2015;8(10):17703-17711
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Table 2. Allele frequencies of the MTHFR polymorphisms among the Uyghur patients with VTE and

control individuals

Gene polymorphism

MTHFRCG77T MTHFRA1298C MTHFRT1317C
VTE Controls VTE Controls VTE Controls
Uyghur Allele
-/- 26 (30.23) 43 (35.25) 56 (65.12) 76 (62.30) 86 122
-/+ 36 (41.86) 64 (52.46) 23 (26.74) 39 (31.97) 0 0
+/+ 24 (27.91) 15 (12.29) 7(9.14) 7 (5.73) 0 0
P value 0.017 0.620 1.0
Han -/- 45 (28.13) 54 (31.76) 107 (66.88) 104 (61.18) 160 170
-/+ 71 (44.38) 91 (53.53) 42 (26.25) 58 (34.12) 0 0
+/+ 44 (27.49) 25 (14.71) 11 (6.87) 8 (4.7) 0 0
P value 0.016 0.250 1.0

Table 3. Comparison of MTHFR C677T in Hcy
between Uyghur and Han population

Hcy (mmol/L)
VTE Controls
Uyghur  CC 22.43+12.21 12.32+5.61
CT 25.13+11.71 12.62+7.65
T 26.11+13.02° 15.62+6.32°
Han CC 23.31+12.51 14.21+5.51
CT 22.9+11.01 14.41+8.12
1T 26.52+12.31° 15.42+6.53°

Note: compared with CT in the same ethnic group,
2P<0.05; compared with CC in the same ethnic group,
bP<0.05.

min, 60°C for 30 s, and 72°C for 1 min. This
was followed by a 10-min extension cycle at
72°C. A 541l aliquot of the 204-bp PCR product
was digested with 4 uL of 10x Ddel buffer and
1 units of Ddel restriction enzyme (Fermentas
Company, USA) incubated at 37°C overnight.
Digestion products were silver-stained after
electrophoresis separated by 3% agarose gel
(Fermentas Company, USA). The MTR PCR
product of 204 bp was cut into fragments of
140 and 64 bp in the presence of the mutation
(Figure 5).

Statistical analysis

All P values were two-tailed and statistically sig-
nificant level was 0.05. A comparison was
made between two groups using the indepen-
dent t-test and the chi-square test. To assess
the effect of smoking status, BMI, diabetes,
dyslipidemia, and genotype on homocysteine,
one-way analysis of variance (ANOVA) was us-
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ed. Odd ration (OR) was derived from logistic
regression analysis with their 95% confidence
intervals. SPSS (version 17.0) for windows were
performed to compute both allele and geno-
type frequencies and confidence intervals.

Results
Characteristics of the participants

Table 1 Clinical characteristics and blood
parameters measured in the study subjects of
Uyghur and Han population with case status.
Patients were older and more likely to be male
with their VTE risk profile unfavorable com-
pared to control subjects. For example, they
had a higher blood pressure and total choles-
terol level. In addition, they were more likely to
be smokers with their lower HDL cholesterol
level. The mean (xSD) homocysteine concen-
tration in VTE patients (27.87+9.51 umol/L)
was significantly higher than the mean concen-
tration in controls (21.87+8.67 pymol/L) in both
Uyghur and Han ethnic (P<0.001). According to
clinical and laboratory parameters, the estima-
tion of the relative risk (RR) of VTE examined in
this study are given in Table 1.

Genotype and allele distribution in cases and
control subjects

The frequencies of the alleles in case and con-
trols were 36.7% (95% ClI 32.0-41.5), 15.7%
(95% ClI 12.3-19.0) and 11.4% (95% Cl 12.3-
19.0) for the C677T, A1298C, and C1317T
allele in the MTHFR resembles to those previ-
ously reported in other populations. Table 2
shows Allele frequencies of the MTHFR poly-

Int J Clin Exp Med 2015;8(10):17703-17711
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Table 4. Logistic regression for the risk factors of VTE for Uyghur and Han population

Han Uyghur
B S.E.  Wald P OR 95% Cl B S.E.  Wald P OR 95% ClI
677TT -0.568 0.437 1.687 0.194 0.567 0.241~1.225 677TT 0.229 0.417 0.301 0.583 1.257 0.555~2.846
Smoking -0.540 0.466 4.363 0.024 2.867 1.062~6.586 Smoking -0.625 0.607 6.421 0.251 0.535 1.417~15.324
Obesity 0.303 0.257 1.386 0.239 1.354 0.818~2.243 Obesity 1.539 0.607 6.421 0.011 4.660 1.106~6.110
Hhey 0.020 0.007 8.142 0.004 1.020 1.006~1.034 Hhcy 0.024 0.011 5.096 0.024 1.025 1.003~1.046
Constants -1.090 0.376 8.405 0.004 0.336 Constants -2.311 0.722 10.252 0.001 0.099

morphisms among the Ugyhur patients with
VTE and control individuals. The results estab-
lish the MTHFR 677CC genotype in 24 (27.9%)
cases and 15 (12.3%) controls, the MTHFR
677CT genotype in 36 (41.9%) cases and 64
(52.4%) controls, and the MTHFR 677TT geno-
type in 26 (30.2%) cases and 43 (35.3%) con-
trols in Uyghur. The results establish the MTHFR
677CC genotype in 44 (27.49%) cases and 25
(14.7%) controls, the MTHFR 677CT genotype
in 71 (44.38%) cases and 91 (53.53%) con-
trols, and the MTHFR 677TT genotype in 45
(28.13%) cases and 54 (31.76%) controls in
Han. The occurrence of the MTHFR 677CT gen-
otype was higher in patients than in the control
group, implying that the heterozygous genotype
may have a role in VTE (OR=2. 3, 95% CI 1.2-
4.2, P<0.05).

Association between genotypes and homocys-
teine levels

To further analyze the potential contribution of
the MTHFR C677T, and A1298T polymorphisms
to elevated tHcy levels, patients and controls
were grouped together (n=538). As shown in
Table 3, Comparison of MTHFR C677T in Hcy
between Uyghur and Han population shows
significant differences in TT genotype of
MTHFRC677T between VTE patients and con-
trols (Uyghur: x>=8. 070, P=0. 005; Han: x2=8.
159, P=0. 004).

Multivariate analysis

Smoking (P<0.001), hypertension (P<0.05),
diabetes (P<0.05), HHcy (P<0.001), and MTHFR
gene C677T polymorphism (P<0.001) were
independent correlates to VTE. Age, gender,
smoking, hypertension, diabetes, hypercholes-
terolemia and MTHFR gene C677T and A1298C
polymorphisms were commendable in the
study. Multifactor logistic regression analysis
confirms that, plasma Hcy levels (OR=1.025,
95% CI 1.003-1.046, P=0.024) and obesity
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(OR=4. 660, 95% Cl 1.417-15.324, P=0.011)
were independent risk factors for Uyghur ethnic
with VTE while plasma Hcy levels (OR=1.020,
95% Cl 1.006-1.034, P=0.004) and smoking
(OR=2.867, 95% Cl 1.062-6.586, P=0.024)
were independent risk factors for Han ethnic
with VTE. Furthermore, our results showed that
Hcy and smoking habits were related to VTE
(P<0.05). Obesity and smoking are indepen-
dent risk factors for Uyghur ethnic and Han eth-
nic with VTE, respectively. Analysis shows sig-
nificant differences in the MTHFR T677T
polymorphism genotyping distribution frequen-
cy in Uyghur and Han ethnic between controls
and between VTE patients (P<0.05). High total
plasma levels of Hcy in MTHFR gene TT geno-
type were statistically higher than CT and CC
genotype (P<0.05) as shown in Table 4.

Discussion

Our study confirmed the presence of MTHFR-
677 and MYHFR-1298, and MTHFR-1317 poly-
morphisms in Han and Uyghur population, and
their association with VTE. We found that the
presence of the MTHFR gene polymorphisms
and Hcy significantly increased in the risk of
VTE among the people in Xinjiang.

Elevated plasma tHcy assumed to increase
vascular disease in a number of ways, perhaps
by inducing procoagulant activity of monocytes
and promoting endothelial tissue factor expres-
sion. Salomon O et al, shows that disequilibri-
um of the homocysteine remethylation pathway
of homocysteine metabolism, MTHFR C677T
and MTHFR A1298C, leads to increased homo-
cysteine levels, especially in patients with the
inadequacy of folic acid, vitamin B6, or B12 pro-
motes to endothelial dysfunction and therefore
may be potential risk factors for VTE [10]. Even
though HHcy usually seen in VTE patients, the
link between MTHFR genotypes, folate levels
and risk of VTE is poorly defined in Asian popu-
lations. Several studies have established facts

Int J Clin Exp Med 2015;8(10):17703-17711
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that endothelial dysfunction in the long term is
caused by serum homocysteine along with inhi-
bition of protein C activation for the further
advancement of thrombosis [11] and abnormal
methionine metabolism that affects the DNA
cell membrane [12]. The prevalence of MTHFR
mutations varies between racial and ethnic
groups, along with different conflicting data
regarding MTHFR gene mutations in Asian
patients with VTE [13]. It has been stated that
HHcy in Asian Indians has been linked with low
folate levels [14], which were also observed in
our study. The prevalence of the MTHFR C677T
genotype in Asian participants was (3.8%) lower
than the predicted 11% re-ported for Japanese
[15] along with Chinese populations [16]. We
observe negative correlation between homo-
cysteine and folate levels, implying that hyper-
homocysteinemia in our patients can be relat-
ed to lower folate levels. Nevertheless, we have
also observed significant difference in homo-
cysteine levels based on smoking habits in our
study along a smoker with tHcy was associated
with a significant risk of VTE. After adjusting for
age, gender, smoking history, hyperlipidemia,
hypertension, diabetes and MTHFR genotype,
multifactor logistic regression analysis show-
ed that plasma Hcy levels (OR=1.025, 95% CI
1.003-1.046, P=0.024) and obesity (OR=4.660,
95% Cl 1.417-15.324, P=0.011) were indepen-
dent risk factors for Uyghur ethnic with VTE
while plasma Hcy levels (OR=1.020, 95% CI
1.006-1.034, P=0.004) and smoking (OR=
2.867, 95% Cl 1.062-6.586, P=0.024) were
independent risk factors for Han ethnic with
VTE. However, there were no significant differ-
ences in the SNP genotyping distribution fre-
quency in Uyghur and Han ethnic between con-
trols and between VTE patients (P>0.05).
Deficiencies of Vitamin B6 and vitamin B12 are
substantial cause of HHcy because both of
these play a central role in homocysteine
metabolism. Kokturk N, et al established that
HHcy as the only risk factor of VTE, which is
independent from vitamin B6, vitamin B12, and
folate levels [17]. Meta-analyses of two ran-
domized control trials presented that folate
supplementation does not reduce vascular
events [18, 19] but these data are inconclusive
and indicate ethnic differences in genetic poly-
morphisms that are diet responsive and may be
beneficial when examine ethnic variations in
chronic disease, developmental anomalies,
and folate requirements. Genetic polymorph-
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isms, MTHFR C677T, and A1298C are known to
influence the plasma homocysteine concentra-
tions and the increase incidence of cardiovas-
cular diseases [20]. The enzyme MTHFR is
found to have an important role in homocyste-
ine metabolism by catalyzing the conversion of
5, 10-methylene tertrahydrofolate to 5-methy-
lene tertrahydrofolate, and the methyl-group
donor in the B12-dependent remethylation of
homocysteine to methionine. The Study proves
that severe deficiency of the MTHFR enzyme
advance to homocystinuria which is a rare
inborn error of metabolism symbolizes by highly
increased blood and urine homocysteine con-
centrations [21]. Thus the reduction in MTHFR
level promotes to hyperhomocysteinemia, rep-
resent by increased plasma total homocysteine
(Hcy) levels, and is frequently observed in pa-
tients with vascular diseases. Even though the
MTHFR A1298C polymorphism has been asso-
ciated with HHcy, its prevalence in Uyghur sub-
jects with VTE has not been studied till date.
Heterozygotes for the A1298C polymorphism
demonstrate only a 10% reduction in the activ-
ity of MTHFR level, at the same time the homo-
zygote’s for this polymorphism show a reduc-
tion of 35-45% in the activity of the enzyme
and as a result it can possibly elevate the levels
of homocysteine. We noticed that there were
no significant associations in MTHFR-1298
polymorphisms with the increased risk of VTE
in our subjects. We also noticed there were no
significant higher plasma homocysteine levels
with MTHFR 1298 CC genotype suggest a pos-
sible link between MTHFR 1298CC genotype
and HHcy in our subjects. We have noticed a
similar type of association between MTHFR
1298CC genotype and HHcy in Indian popula-
tions [22] along with T1317C was present in 5%
of alleles in Canadian individuals which also
seems to be extremely common in individuals
of African ancestry [23].

In conclusion, this study emphasizes the high
prevalence of HHcy in Han and Uyghur patients
with VTE. HHcy was significantly associated
with increased risk of VTE independent from
the other confounding factors. Secondary the
C677T mutation is a risk factor for HHcy and
significantly associated with VTE in Chinese
populations. HHcy is the likely modifiable risk
factor that should be deal with screening
patients with VTE. Thirdly Assessment of vita-
min B12 deficiency that may influence homo-

Int J Clin Exp Med 2015;8(10):17703-17711
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cysteine levels should be recognized to make
an attempt to reverse the conditions.

Acknowledgements

This study has been supported by a grant from
State Key Lab Incubation Base of Xinjiang
Major Diseases Research (No. SKLIB-XJMDR-
2012-7).

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Ailiman Mahemuti,
Department of Cardiology, The First Affiliated Hos-
pital of Xinjiang Medical University, 830054 Liyu-
shan Road Urumqi, Xinjiang, China. Fax: +869914-
366170; E-mail: Nayisha2006@hotmail.com; 151-
9362315@qqg.com

References

(1]

(2]

(3]

(4]

(5]

(6]

Langman LJ, Ray JG, Evrovski J, Yeo E, Cole DE.
Hyperhomocyst(e)inemia and the increased
risk of venous thromboembolism: more evi-
dence from a case-control study. Arch Intern
Med 2000; 160: 961-964.

Zheng YZ, Tong J, Do XP, Pu XQ, Zhou BT.
Prevalence of methylene tetrahydrofolate re-
ductase C677T and its association with arteri-
al and venous thrombosis in the Chinese popu-
lation. Br J Haemotol 2000; 109: 870-874.
Morelli VM, Lourenco DM, D’Almeida V, Franco
RF, Miranda F, Zago MA, Noguti MA, Cruz E,
Kerbauy J. Hyperhomocysteinemia increases
the risk of venous thrombosis independent of
the C677T mutation of the methylene tetrahy-
drofolate reductase gene in selected Brazilian
patients. Blood Coagul Fibrinolysis 2002; 13:
271-275.

Yin G, Yan L, Zhang Z, Chen K, Jin X. C677T
methylene tetrahydrofolate reductase gene
polymorphism as a risk factor involved in ve-
nous thromboembolism: a population-based
case-control study. Mol Med Rep 2012; 6:
1271-1275.

Markan S, Sachdeva M, Sehrawat BS, Kumari
S, Jain S, Khullar M. MTHFR 677 CT/MTHFR
1298 CC genotypes are associated with in-
creased risk of hypertension in Indians. Mol
Cell Biochem 2007; 302: 125-131.

Ray JG, Langman LJ, Vermeulen MJ, Evrovski J,
Yeo EL, Cole DE. Genetics University of Toronto
Thrombophilia Study in Women (GUTTSI): ge-
netic and other risk factors for venous throm-
boembolism in women. Curr Control Trials
Cardiovasc Med 2001; 2: 141-149.

17710

(7]

(8]

[9]

[10]

[11]

[12]

[13]

(14]

[15]

[16]

[17]

Peng F, Labelle LA, Rainey BJ, Tsongalis GJ.
Single nucleotide polymorphisms in the methy-
lene tetrahydrofolate reductase gene are com-
mon in US Caucasianand Hispanic American
populations. Int J Mol Med 2001; 8: 509-511.
Hessner MJ, Luhm RA, Pearson SL, Endean DJ,
Friedman KD, Montgomery RR. Prevalence of
prothrombin G20210A, factor V G1691A (Lei-
den), and methylene tetrahydrofolate reduc-
tase (MTHFR) C677T in seven different popula-
tions determined by multiplex allele-specific
PCR. Thromb Haemost 1999; 5: 733-738.
Rady PL, Szucs S, Grady J, Hudnall SD, Kellner
LH, Nitowsky H, Tyring SK, Matalon RK. Genetic
polymorphism of methylene tetrahydrofolate
reductase (MTHFR) and methionine synthase
reductase (MTRR) in ethnic populations in
Texas; a report ofa novel MTHFR polymorphic
site, G1793A. Am J Med Genet 2002; 107:
162-168.

Salomon O, Rosenberg N, Zivelin A, Steinberg
DM, Kornbrot N, Dardik R, Inbal A, Seligsohn U.
Methioninesynthase A2756 Gand Methylene
tetrahydrofolate reducatase A 1298C polymor-
phism are not risk factors for idiopathic venous
thromboembolism. Hematol J 2001; 2: 38-41.
Lentz SR, Piegors DJ, Fernandez JA, Erger RA,
Arning E, Malinow MR, Griffin JH, Bottiglieri T,
Haynes WG, Heistad DD. Effect of hyperhomo-
cyteinemia on protein C activation activity.
Blood 2002; 100: 2108-2112.

Lim YW, Chong KC, Chong I, Low CO, See HF,
Lam KS. Deep vein thrombosis following hip
fracture and prevalence of hyperhomocystein-
aemia in the elderly. Ann Acad Med Singapore
2004; 33: 235-238.

Jang MJ, Jeon YJ, Choi WI, Choi YS, Kim SY,
Chong SY, Oh D, Kim NK. The 677C>T Mutation
of the MTHFR Gene Increases the Risk of
Venous Thromboembolism in Koreans and a
Meta-Analysis from Asian Population. Clin Appl
Thromb Hemost 2013; 19: 309-314.

Vikram NK, Pandev RM, Sharma R, Misra A.
Hyperhomocysteinemia in healthy Asian Indi-
ans. Am J Hematol 2003; 72: 151-152.

Botto LD and Yang Q. 5-10-Methylene tetrahy-
drofolate reductase gene variants and congen-
ital anomalies: A HUGE review. Am J Epidemiol
2000; 151: 862-877.

Schneider JA, Rees DC, Liu YT, Clegg JB.
Worldwide distribution of a common methy-
lene tetrahydrofolate reductase mutation (Le-
tter). Am J Hum Genet 1998; 62: 1258-12.
Koktiirk N, Kanbay A, Aydogdu M, Ozyllmaz E,
Bukan N, Ekim N. Hyperhomocyteinemia prev-
alence among patients with venous thrombo-
embolism. Clin Appl ThrombHemost 2011; 17:
487-493.

Int J Clin Exp Med 2015;8(10):17703-17711


mailto:Nayisha2006@hotmail.com
mailto:1519362315@qq.com
mailto:1519362315@qq.com

(18]

[19]

[20]

[21]

MTHFR genetic polymorphisms and venous thromboembolism

Bazzano LA, Reynolds K, Holder KN, He J.
Effects of folic acid supplementation on risk of
cardiovascular disease. JAMA 2006; 296:
2720-2726.

Clarke R, Halsey J, Lewington S, Lonn E,
Armitage J, Manson JE, Bgnaa KH, Spence JD,
Nygard O, Jamison R, Gaziano JM, Guarino P,
Bennett D, Mir F, Peto R, Collins R; B-Vitamin
Treatment Trialists’ Collaboration. Effects of
lowering homocysteine levels with B vitamins
on cardiovascular disease, cancer, and cause-
specific mortality. Arch Intern Med 2010;
170:1622-1631.

Markan S, Sachdeva M, Sehrawat BS, Kumari
S, Jain S, Khullar M. MTHFR 677 CT/MTHFR
1298 CC genotypes are associated with in-
creased risk of hypertension in Indians. Mol
Cell Biochem 2007; 302: 125-1231.

Hanson NQ, Aras O and Yang F. C677T and
A1298C polymorphisms of the methylene tet-
rahydrofolate reductase gene: incidence and
effect of combined genotypes on plasma fast-
ing and post-methionine load homocysteine in
vascular disease. Clin Chem 2001; 47: 661-
666.

17711

[22]

(23]

Markan S, Sachdeva M, Sehrawat BS, Kumari
S, Jain S, Khullar M. MTHFR 677 CT/MTHFR
1298 CC genotypes are associated with in-
creased risk of hypertension in Indians. Mol
Cell Biochem 2007; 302: 125-131.

Almawi WY, Ameen G, Tamim H, Finan RR,
Irani-Hakime N. Factor V G1691A, prothrombin
G20210A, and methylene tetrahydrofolate re-
ductase [MTHFR] C677T gene polymorphism
in angiographically documented coronary ar-
tery disease. J Thromb Thrombolysis 2004; 17:
199-205.

Int J Clin Exp Med 2015;8(10):17703-17711



