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	 Background:	 The aim of this study was to investigate the genetic polymorphisms in the homocysteine (HCY) metabolic en-
zymes in the Xinjiang Uygur population who have mild cognitive impairment (MCI).

	 Material/Methods:	 Based on the epidemiological investigation, 129 cases of diagnosed Uygur MCI patients and a matched control 
group with 131 cases were enrolled for analyzing the association between the polymorphisms in the HCY me-
tabolism related genes (C677T, A1298C, and G1968A polymorphisms in MTHFR, as well as the A2756G polymor-
phism in MS) and MCI by using the SNaPshot method. We then determined the homocysteine level in patients.

	 Results:	 In Xinjiang Uygur subjects, the A1298C polymorphisms in MTHFR and the A2756G polymorphisms in the MS 
gene in the MCI group were different from those in the control group. However, the C677T and G1968A poly-
morphisms in the MTHFR gene in MCI patients were not different from those in the control group. Multivariate 
logistic regression showed that, in addition to the well-known risk factors, such as low education level, high 
cholesterol level, high level of low-density lipoprotein, and high homocysteine levels, the A>G mutation in the 
MS gene at the rs1805087 locus was another independent risk factor for MCI in the Uyghur MCI population. 
The risk of MCI in G allele carriers was 2.265 times higher than that in matched control individuals (95% CI: 
1.205~4.256, P<0.05).

	 Conclusions:	 The genetic polymorphism of HCY metabolizing enzymes is correlated to the occurrence of MCI in the Xinjiang 
Uygur population. The A2756G polymorphism in the MS gene could be an independent risk factor for MCI in 
the Xinjiang Uygur population.

	 MeSH Keywords:	 Homocysteine • Methionine • Mild Cognitive Impairment

	 Full-text PDF:	 http://www.medscimonit.com/abstract/index/idArt/893226

Authors’ Contribution: 
Study Design  A

 Data Collection  B
 Statistical Analysis  C
Data Interpretation  D

 Manuscript Preparation  E
 Literature Search  F
Funds Collection  G

1 1st Department of Cadres Internal Medicine, First Affiliated Hospital of Xinjiang 
Medical University, Urumqi, Xinjiang, China

2 Ningbo Key Lab of Behavior Neuroscience, Zhejiang Provincial Key Laboratory of 
Pathophysiology, School of Medicine, Ningbo University, Ningbo, Zhejiang, China

3 3rd Department of Cadres Internal Medicine, First Affiliated Hospital of Xinjiang 
Medical University, Urumqi, Xinjiang, China

e-ISSN 1643-3750
© Med Sci Monit, 2015; 21: 326-332

DOI: 10.12659/MSM.893226

326
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]  [Index Copernicus]

CLINICAL RESEARCH

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License



Background

Homocysteine (HCY), a sulfur-containing amino acid, is a pre-
cursor of methionine, cysteine, and glutathione. High homo-
cysteine (HHCY) is a risk factor for impairment of cognitive 
function. In an epidemiological investigation of non-Alzheim-
er cognitive impairment in an elderly population, an increased 
HCY level was showed to be closely correlated to cognitive dam-
age, increased risk of cognitive decline, and the progression to 
dementia [1]. Our previous study on the relationship between 
HCY and mild cognitive impairment (MCI) has shown that the 
plasma HCY level was correlated with the occurrence of MCI 
in the elderly in Xinjiang Uygur and Han ethnic regions, and 
that the plasma HCY level in MCI patients increased with age, 
indicating that HHCY is an important independent risk fac-
tor for MCI in the Uygur and Han populations in Xinjiang [2].

Based on our previous MCI epidemiological investigation, which 
utilized the case-control comparative method, the etiological 
relationship between MCI and the common mutations in HCY 
metabolic enzyme genes (including polymorphisms of C677T, 
A1298C, and G1968A in methylene tetrahydrofolate reductase 
(MTHFR) gene, and polymorphism A2756G in the methionine 
synthetase (MS) gene) was determined in order to build a ge-
netic basis for the MCI etiology study.

Material and Methods

Objects

An MCI epidemiological investigation was carried out from 
August to October of 2010. A stratified, random, multistage 
cluster sampling approach was used to investigate 3346 Uygur 
residents aged 55 years old or older in Hetian, Xinjiang province.

Patient group

Patient selection was based on the epidemiological investi-
gation and referred to the diagnostic criteria for MCI of the 
United States Psychiatric Association’s Diagnostic and Statistical 
Manual of Mental Disorders revision IV (DSM-IV). One hun-
dred and twenty-nine Uygur patients with MCI (74 males and 
55 females) that had complete essential information, such as 
biochemical indexes and other basic diagnoses, were used as 
the experimental group. The average age of the patients in 
this group was 64.3±6.42 year. The exclusion criteria were: 1) 
history of mental illness or congenital mental retardation; 2) 
presence of severe heart, lung, liver, or kidney dysfunction, se-
vere endocrine disorders, severe infectious diseases, or tox-
ic encephalopathy; 3) neurological disorders which can cause 
brain dysfunction, such as stroke, Parkinson’s disease, and 
brain tumors; 4 depression; 5) a history of head trauma, or 

special medication usage; and 6) alcohol-or drug-dependent 
in the past 6 months.

Control group

After a strict examination in the unrelated non-cognitive im-
pairment elderly population, we selected 131 cases (75 males 
and 56 females) for inclusion in the MCI patient group, matched 
for gender, age, ethnic group, place of residence, education-
al background, and previous medical history. The average age 
in the control group was 64.4±6.45 year old.

All participants signed written consent forms and were exam-
ined. The study was approved by the Xinjiang Medical University 
Medical Research Ethics Committee.

Methods

Determination of biochemical indexes

Five ml of venous blood was taken from each subject in the 
morning after fasting for 12 hours. The biochemical index-
es, including triglycerides (TG), total cholesterol (TC), glucose 
(GLU), and HCY, were measured using an automatic biochem-
ical analyzer (Beckman, United States)

DNA Extraction

Genomic DNA was extracted from the venous blood samples 
treated with ethylene diamine tetraacetic acid (EDTA) anticoagu-
lant by using the Whole Blood Genomic Extraction Kit (Tiangen, 
China) according to the manual.Multiplex PCR amplification

The primers used for the amplifications of the MTHFR (poly-
morphisms C677T, A1298C, and G1968A), and MS genes 
(polymorphism A2756G) were designed using Primer3 soft-
ware (http://Frodo.wi.mit.edu/), and synthesized by Shanghai 
Shenggon Biological Technology Co. Ltd. The primer sequenc-
es were as follows: for the rs1801131 locus: forward primer 
5’-GGATGAACCAGGGTCCCCACT-3’, reverse primer 5’-GAAGAGC 
AAGTCCCCCA AGGAG-3’, with a product of 159 bp. For the 
rs1801133 locus: forward primer 5’-GCCTCAAAGAAAAGCTG CGTG 
AT-3’, reverse primers 5’-CCCAGTCCCTGTGGTCTCTTCA-3’, with 
a product of 191 bp. For the rs1805087 locus: forward primer 
5’-TGGCTATCTTGCATTTTCAGTGTTCC-3’, reverse primers 5’-TCC 
AAAGCCTTTTACACTCCTCAAA-3’, with a product of 229 
bp. For the rs2274976 locus: forward primer 5’-TT 
GTCAGGTGGGGGAGTGGA-3’, reverse primer 5’-GAGGCYTT 
TGCCCT GTGGA-3’, with a product of 346 bp. The multiplex PCR 
reaction system (20 µl) included GC Buffer I, 3.0 mM Mg2+, 
0.3 mM dNTP, 1 U HotStartTaq polymerase (Qiagen Inc. USA), 
1 µl sample DNA, and 2 µl of multiplex PCR Primers (1 uM). 
The PCR cycling program was as follows: 95ºC, 120 seconds; 
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(94ºC, 20 seconds; 65ºC, 40 seconds (0.5ºC lower stepwise), 
72ºC, 90 seconds, 11 cycles); (94ºC, 20 seconds, 59ºC, 30 sec-
onds, 72ºC, 90 seconds, 24 cycles); 72ºC, 120 seconds.

PCR product purification

After amplification, 15 ul of PCR product was incubated with 
5 U of SAP enzyme and 2 U of exonuclease I at 37 ºC for 1 
hour. The enzymes were inactivated by incubation at 75ºC for 
15 minutes.

SNaPshot extension reaction

The SNaPshot extension primers were designed such that the 3’ 
end of the primer was located at the first base upstream of the 
polymorphic locus. The 5’ end of the primer contained different 
lengths of polyT, so that the length of the product could be in 
the 20-50 bp range to facilitate detection. The extension prim-
ers were as follows: rs1801131SR: 5’-TTTTTTTTTTTTTTTTTTTTT
TTTTTTTTTTTTGGG AGGAGC TGACCAGYGAAG-3’; rs1801133SF: 
5’-TTTTTTTTTTTTTTTTTTTTTTTTTGCTGCGTGATGATGAAATYG-3’; 
rs1805087SF: 5’-TTTTTTTTTCATGGAAGAATATGAAG ATATTAG 
ACAGG-3’; rs2274976SR: 5’-TTTTTTTGCCCTGTGGATTGAGC-3’. 
The single-nucleotide extension reaction system (10 μl) con-
tained 5 μl of the SNaPshot mixed solution (ABI), 2 μl of the 
PCR product after purification, 1 μl extension primer mixture 
(final concentration 1.0 µm), and 2 μl ultrapure water. The 

recycling program was as follows: 96ºC, 1minute, 96ºC, 10 sec-
onds, 52ºC, 5 seconds, 60ºC, 30 seconds, 28 cycles. Finally, 1 U 
of SAP enzyme was added to the 10 μl extension product and 
incubated at 37ºC for 1 hour, and then the enzyme was inac-
tivated at 75ºC for 15 minutes. The extension product was pu-
rified to remove the excess primers and ddNTP.

Capillary electrophoresis sequencing

The purified extension product (0.5 μl) was well mixed with 
0.5 μl of Liz120 internal standard (ABI) and 9 μl of formamide. 
After denaturation at 95ºC for 5 minutes, the samples were 
loaded onto the ABI 3130XL sequencer for sequence analysis. 
The raw data collected from the ABI 3130XL sequencer were 
analyzed with GeneMapper 4.1 software (AppliedBiosystems 
Co., Ltd., USA).

Statistical analysis

All of the experimental data was analyzed using SPSS17.0 soft-
ware. The measurement data is expressed as mean ± standard 
deviation (SD). The difference between 2 independent groups 
was compared using the t test. The compliance of the allele 
frequency of genome-type distributions of the MCI group and 
the control group with the Hardy-Weinberg Law of genetic equi-
librium was determined using the c2 test. The odds ratio (OR) 
and the 95% confidence interval (95% CI) were calculated to 

MCI group Control group t/c2 P

Numbe (n) 129 131

Age (yr) 	 64.32±6.42 	 64.41±6.46 0.118 0.906

Gender (male/female) 74/55 75/55 0.00 0.985

ED 94/129 88/131 1.003 0.317

BMI (kg/m2) 	 24.67±4.23 	 23.96±4.10 1.377 0.170

EH 47/129 40/131 1.016 0.313

DM 9/129 9/131 0.001 0.973

SBP (mmHg) 	 140.72±24.07 	 133.49±24.21 2.416 0.016

DBP (mmHg) 	 80.69±12.90 	 78.07±13.10 1.625 0.105

GLU (mmol/l) 	 6.03±2.96 	 5.47±1.81 1.829 0.069

TG (mmol/l) 	 2.99±1.39 	 2.04±1.26 5.832 0.000

TC (mmol/l) 	 4.70±0.87 	 4.50±1.02 1.751 0.081

HDL-C (mmol/l) 	 1.06±0.26 	 1.10±0.45 0.878 0.381

LDL-C (mmol/l) 	 2.77±0.73 	 2.40±0.61 4.355 0.000

Hcy (umol/l) 	 17.16±7.70 	 13.44±3.49 5.032 0.000

Table 1. General biochemical indexes of subjects.
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estimate the relative risk of disease from the gene mutation; 
a=0.05 was used as a significance standard test.

Results

Comparison of the general biochemical indexes of the 2 
groups

As shown in Table 1, there was no statistical significant dif-
ference in the baseline data, such as age, gender, education 
(ED), high blood pressure (EH), diabetes type 2 (DM), diastolic 
blood pressure (DBP), glucose (GLU), total cholesterol (TC), and 
HDL-C, between the MCI group and the control group (P>0.05). 
The levels of systolic blood pressure (SBP), triglyceride (TG), 
LDL-C, and HCY in the patient group were significantly higher 
than those in the control group (P<0.05).

SNaPshot sequencing

The wild-type AA homozygote of MTHFR at the rs1801131 
locus (A1298C) showed a single A peak; the mutant CC ho-
mozygote showed a single C peak; and the A/C heterozygote 
showed an AC double-peak. The wild-type CC homozygote at 
re1801133 locus (C677T) showed a single G peak; the mu-
tant TT homozygote showed a single A peak; and the C/T het-
erozygote showed an A/G double-peak. The wild-type GG ho-
mozygous at the rs2274976 locus (G1968A) showed a single 
G peak; the mutant AA homozygote showed a single A peak; 
the G/A heterozygote showed a G/A double-peak. For the MS 
gene at the rs1805087 locus (A2756G), the wild-type AA ho-
mozygote showed a single A peak; the mutant GG homozygote 
showed a single G peak; and the heterozygote A/G showed an 
A/G double-peak (Figure 1).

Hardy-Weinberg genetic equilibrium test

The distribution of genotype frequencies of MTHFR at rs1801131, 
rs1801133, and rs2274976 loci and MS gene at rs1805087 locus 

in the MCI group and the control group were calculated using 
the c2 test. The results were consistent with the Hardy-Weinberg 
equilibrium (P>0.05). At the rs1801131 locus, the MCI group 
c2=0.870, P=0.351; the control group c2=2.924, P=0.087; at the 
rs1801133 locus, the MCI group c2=1.143, P 0.285; the control 
group c2=0.689, P=0.407; at the rs2274976 locus, the MCI group 
c2=1.132, P=0.287; the control group c2=0.417, P=0.518; at the 
rs1805087 locus, the MCI group c2=1.40, P=0.237; the control 
group c2=0.169, P=0.68. These results indicated that the sam-
ple is a good representation of the population.

The comparison of the genotype frequencies of MTHFR and 
MS and the allele frequency in Xinjiang Uygur

As shown in Table 2, there were significant differences in the 
genotype frequencies and allele frequencies in the MTHFR 
rs1801131 locus (A1298C) between the MCI group and the 
control group (P<0.05). Uighur patients who carried the C al-
lele had a higher risk for MCI (OR=1.525, 95%CI: 1.038–2.241, 
P=0.031). The genotype frequencies and the allele frequen-
cies at the rs1801133 and rs2274976 loci in the MCI group 
and the control group were not statistically different (P>0.05). 
There were differences in the genotype frequencies and the al-
lele frequency of the MS gene at rs1805087 locus (A2756G) in 
the MCI group and the control group (P<0.05). Uighur patients 
who carried the G alleles had a higher risk for MCI (OR=1.801, 
95%CI: 1.168–2.775, P=0.007).

Non-conditional Logistic regression analysis for MCI risk 
factors

A non-conditional logistic regression analysis was used to ana-
lyze the data set. In this analysis, MCI was used as a dependent 
variable and there were a total of 13 independent variables: 
age, gender, ED, EH, DM, BG, TG, TC, LDL-C, the 3 MTHFR poly-
morphic loci (C677T, A1298C, and G1968A), and the polymorphic 
locus in MS (A2756G). As shown in Table 3, ED, TG, LDL-C, and 
HCY, as well as the A2756G (rs1805087) polymorphism, were 
independent risk factors for MCI in the Uighur population in 

Figure 1. �SNaPshot sequencing. (ddGTP – blue 
peaks; ddATP – green peak; ddTTP – 
red peak; ddCTP – black peak).
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Xinjiang, while polymorphisms C677T, A1298C, and G1968A in 
MTHFR were not. The A>G mutation in the MS gene rs1805087 
was an independent risk factor for MCI in the Uyghur people. 
The relative risk of MCI for people who carry the G allele was 
increased (OR=2.265, 95% CI: 1.205–4.256, P=0.011).

Discussion

Elevated HCY is an independent risk factor for cerebrovascular 
disease, vascular cognitive impairment, and vascular dementia 

[3,4]. Ninety percent of the studies on the prospective and 
cross-section showed that HHCY and decreased vitamin B level 
lead to cognitive decline [5]. Framingham et al. reported that 
every 5 μmol/L increase in HCY concentration leads to a 40% 
increase in the risk of AD [6]. Cognitive impairment caused by 
HHCY is mainly manifested in the cognitive domain, such as 
non-text, memorization, visual spatial skills, and information 
processing, particularly in attention and executive function dis-
orders [7–9]. Further research showed that HHCY affects cog-
nitive functioning though direct DNA damage, excitatory neu-
rotoxicity, and induction of neuron apoptosis.

Site Genotype MCI group Control group c2 P

rs1801131

AA 	 61	 (0.47) 	 72	 (0.55)

8.179 0.017AC 	 52	 (0.4) 	 55	 (0.42)

CC 	 16	 (0.13) 	 4	 (0.03)

A 	 174	 (0.67) 	 199	 (0.76)
4.645 0.031

C 	 84	 (0.33) 	 63	 (0.24)

rs1801133

CC 	 62	 (0.48) 	 67	 (0.51)

3.07 0.214CT 	 51	 (0.4) 	 56	 (0.43)

TT 	 16	 (0.12) 	 8	 (0.06)

C 	 175	 (0.68) 	 190	 (0.72)
1.366 0.24

T 	 83	 (0.32) 	 72	 (0.28)

rs2274976

GG 	 116	 (0.9) 	 115	 (0.88)

0.322 0.851AG 	 12	 (0.09) 	 15	 (0.11)

AA 	 1	 (0.01) 	 1	 (0.01)

G 	 244	 (0.95) 	 245	 (0.94)
0.262 0.609

A 	 14	 (0.05) 	 17	 (0.06)

rs1805087

AA 	 74	 (0.57) 	 93	 (0.71)

6.695 0.035AG 	 44	 (0.34) 	 34	 (0.26)

GG 	 11	 (0.09) 	 4	 (0.03)

A 	 192	 (0.74) 	 220	 (0.84)
7.206 0.007

G 	 66	 (0.26) 	 42	 (0.16)

Table 2. Genotype frequencies and allele frequencies of MTHFR and MS n(%).

Factors B S.E. c2 P OR 95% CI

ED 0.86 0.328 6.83 0.009 2.357 1.239–4.482

TG 0.67 0.137 24.32 0.000 1.961 1.501–2.563

LDL-C 2.11 0.442 22.79 0.000 8.244 3.467–19.602

Hcy 0.20 0.043 21.57 0.000 1.221 1.121–1.328

rs1805087 0.82 0.322 6.45 0.011 2.265 1.205–4.256

Table 3. Non-conditional logistic regression analysis of MCI risk factors.
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MTHFR is a key enzyme in HCY remethylation to methionine, 
and converts 5,10 -methylenetetrahydrofolate to 5-methylte-
trehydofolate. The human MTHFR is located on chromosome 
1p36.3, has 11 exons, and a CDS length of 2.2 Kbp. Kang et 
al. [10] first reported the alanine-valine missense mutation at 
position 677 of MTHFR. This mutation reduces the thermo-
tolerance and activity of the enzyme, thereby affecting the 
HCY remethylation and resulting in a rise in plasma HCY., It 
also leads to reduced levels of serum folic acid, methionine, 
and S-adenosyl methionine. In clinical practice, these chang-
es result in developmental delay, mental retardation, abnor-
mal movements, mental problems, cerebral atrophy, demye-
lination, and thrombosis [11].

Previous studies have identified several single-nucleotide poly-
morphism (SNP) loci in MTHFR, of which, C677T, A1298C, and 
G1968A are closely related to MTHFR activity. However, the ef-
fects are different in different populations, geographic regions, 
and ethnic groups. There are many studies of the relationship 
between the C677T polymorphism of MTHFR, HCY levels, and 
the resulting cognitive functions. An Australian study on the 
association between cognitive function and the MTHFR C677T 
polymorphism [12] showed that, in 1778 healthy older men, 
46% of the TT genotype carriers had cognitive impairments. 
A study on a population with cognitive decline in Italy [13] 
has shown that the HCY level of MCI patients who carried the 
MTHFR 677 TT genotype was higher than the control group 
with the same genotype, and their HCY levels were higher 
than the MCI patients who carried the other genotypes (677CT 
and 677CC). In a recent study of HCY levels in older men and 
the C677T polymorphism of the MTHFR and Alzheimer’s dis-
ease [14], it was reported that among 4227 elderly men (age 
70 to 89) who were monitored for 5.8 years, the risk of de-
veloping dementia was 1.48 times higher if the men had an 
HCY serum level 2 times above normal. Specifically, in males 
with HCY levels higher than 15 μmol/L, the risk of dementia 
was 1.36 times higher than in people with normal HCY levels. 
The risk of dementia was 1.25 times higher in males carrying 
the TT genotype. Among female patients, it was shown that 
the 677TT genotype carriers have lower cognitive function 
[15]. However, some cohort studies have shown that MTHFR 
C677T polymorphism is not associated with cognitive function 
[16–19]. A meta-analysis on the MTHFR C677T polymorphism 
and AD [20] has shown that the MTHFR C677T polymorphism 

is related to AD in Asians but not in Caucasians. Our study 
showed that the MTHFR C677T SNP was not related to MCI 
in the Xinjiang Uygur population. Considering that the Uighur 
people are Caucasian and MCI is a precursor of AD, the de-
cline of cognitive function in AD may be a result of many fac-
tors. MTHFR C677T SNP may not be an independent risk fac-
tor for MCI in the Xinjiang Uygur population.

The MS A2756G mutation in a vitamin B6-deficient popula-
tion can lead to a moderate elevation of serum HCY, and it 
could be a risk factor for AD [21]. In this study, we found that 
there were statistically significant differences in the genotype 
frequency and allele frequency of the MS A2756G polymor-
phism between the MCI group and the control group in the 
Xinjiang Uygur population (p<0.05). Uighur people who car-
ried the G allele had a 1.801 times higher risk of having MCI. 
After gender grouping, our analysis showed that there were 
differences in allele frequencies of the MS A2756G among 
the male groups. Uighur males who carried the G allele had a 
1.801 times higher risk for MCI, suggesting that the G alleles 
could be a male MCI susceptibility factor. Further analysis by 
multifactor non-conditional logistic regression showed that 
the MS (rs1805087) A2756G point mutation was an indepen-
dent risk factor for MCI. Comparing the MS A2756G hetero-
zygous and homozygous population with the wild-type pop-
ulation in the Uygur people, the risk of MCI was increased by 
2.265 times (P<0.05), suggesting a correlation between MS 
A2756G with MCI in the Uygur population and it was signif-
icant among Uighur men after gender grouping. The G allele 
of the MS A2756G polymorphism could an indicator for ge-
netic susceptibility of MCI in Uighur men.

Conclusions

Our study showed some results that were not consistent with 
previous reports in China and abroad, which may be due to 
differences in inclusion criteria, nationality, geological regions, 
genetic heterogeneity, environment, and lifestyle of the study 
populations. Although this study showed that the MS A2756G 
mutation could be an independent risk factor for MCI in the 
Xinjiang Uygur population, there were only a few cases in this 
study. Further studies with a larger sample sizes are needed 
to confirm this result.
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