DA

Journal of Food and Drug Analysis

Volume 9 | Issue 3 Article 5

Genotyping 5,10-methylenetetrahydrofolate reductase for patients with
coronary artery disease in Southern Taiwan

Follow this and additional works at: https://www.jfda-online.com/journal

Recommended Citation

Kou, M-C.; Wang, L.; Liang, K.-J.; and Wu, M.-J. (2001) "Genotyping 5,10-methylenetetrahydrofolate reductase for
patients with coronary artery disease in Southern Taiwan," Journal of Food and Drug Analysis: Vol. 9 : Iss. 3, Article 5.
Available at: https://doi.org/10.38212/2224-6614.2789

This Original Article is brought to you for free and open access by Journal of Food and Drug Analysis. It has been accepted for
inclusion in Journal of Food and Drug Analysis by an authorized editor of Journal of Food and Drug Analysis.


https://www.jfda-online.com/journal/
https://www.jfda-online.com/journal/
https://www.jfda-online.com/journal/vol9
https://www.jfda-online.com/journal/vol9/iss3
https://www.jfda-online.com/journal/vol9/iss3/5
https://www.jfda-online.com/journal?utm_source=www.jfda-online.com%2Fjournal%2Fvol9%2Fiss3%2F5&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.38212/2224-6614.2789

Journal of Food and Drug Analysis, Vol. 9, No. 3, 2001, Pages 173-177

173

*x\

Y RN BB B

Genotyping 5,10-Methylenetetrahydrofolate Reductase for
Patients with Coronary Artery Disease in Southern Taiwan

MEI-CHUN KOU, LISU WANG, KUEI-JUNG LIANG AND MING-JIUAN WU*

Department of Food Health, Chia-Nan University of Pharmacy and Science
60 Erh-Jen Road, Section 1, Jen Te, 717 Tainan, Taiwan, R. O. C.

(Received: September 16, 2000; Accepted: May 7, 2001)

ABSTRACT

Hyperhomocysteinaemia has been identified as a risk factor for cerebrovascular, peripheral vascular and coronary heart disease
(CAD). Individuas with homozygous MTHFR (5,10-Methylenetetrahydrofolate reductase) mutation have significantly elevated plasma
homocysteine levels. Two common mutationsin MTHFR (MTHFR 677C—T and MTHFR 1298A—C) may represent an important genet-
ic risk factor in vascular disease. The aim of this research was to investigate these two point mutations of MTHFR for CAD patients and
non-CAD controls in Southern Taiwan by PCR-restriction fragment length polymorphism assay. We found that the distribution of the
homozygous mutation for MTHFR677 was higher in 54 CAD patients than in 55 non-CAD subjects (11.1% versus 3.6%, P = 0.275). On
the other hand, the frequency of MTHFR 1298CC in CAD patients was similar to that of control subjects (P = 1.000). This may suggest
thereisatrend toward an increased risk of coronary heart disease for individualsthat have a677TT genotype in the Taiwanese population.
Finally, the frequency of homozygosity for the two MTHFR common mutations was still low in CAD cases. There may not be an appre-
ciable association of MTHFR mutation to cardiovascular disease in Taiwan. Perhaps a further study including assessment of plasma con-
centrations of homocysteine, folate and vitamin B12 would be needed to better clarify the relationship between MTHFR polymorphisms

and the occurrence of vascular disease.
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INTRODUCTION

Hyperhomocysteinaemia, defined as a mildly elevated
plasma homocysteine (Hcy) level, is associated with cardio-
vascular diseases. An elevated level of Hey has been impli-
cated in the role of promoting growth of vascular smooth
muscle cells along with inhibiting endothelial cell growth.
Additional putative mechanisms of thrombosis in hyperho-
mocystinemia include increased platelet adhesiveness,
enhanced LDL deposition in the arterial wall, and direct acti-
vation of the coagulation cascade (. Hyperhomocystein-
aemiahas been identified asarisk factor for cerebrovascular,
peripheral vascular and coronary artery disease (CAD)(Z5),

Homocysteine is a sulphur amino acid formed by
demethylation of the essential amino acid methionine, and it
can be degraded by cystathionine-B-synthase (CBS).
Alternatively, Hcy may be remethylated to methionine, a
process requiring the sufficient function of several enzymes.
Methionine synthase (MS), one of the key enzymes, cat-
alyzes the remethylation of Hcy in the presence of methyl-
cobalamin (Me-Cbl) and 5-methyl-tetrahydrofolate (Me-
THF). Formation of Me-THF requires both an adequate sup-
ply of reduced folate and proper function of methylenete-
trahydrofolate reductase (MTHFR)(®. Dysfunctional
MTHFR caused by genetic mutations or inadegquate amount
of reduced folate may therefore result in elevated concentra-
tions of Hey(). The plasma concentrations of Hcy varied

* Author for correspondence. Tel: 06-2664911 ext. 220 ext. 193;
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among different populations, ages, sexes, diet habits and
individual health conditions®).

Two common point mutations have been found in
MTHFR. The first identified polymorphism (677C—T), a
missense mutation in exon 4 of the MTHFR gene found by
Frosst, is a cytosine (C) to thymine (T) substitution at
nucleotide 677, which converts an aanine (A) to a valine
(V)©. Reduction in activity or thermolability of MTHFR has
been associated with the heterozygous or homozygous 677T
genotype. Homozygotes for the 677T allele are predisposed
to hyperhomocysteinemia by the 50% decrease of MTHFR
activity, particularly in the context of suboptimal folate status
(™. A high proportion of people with the 677T homozygous
genotype show a satisfactory Hcy lowing response to modest
daily folate supplements in the range 100-200 ug/d (10),
Recently, a second common polymorphism in the MTHFR
gene has been reported that results in a glutamate-to-alanine
conversion (1298A—C)M. This polymorphism also results
in diminished enzyme activity, elevated Hcy concentration,
and decreased folate concentration in plasmal1?. Therefore,
these two common mutations (MTHFR677C—T and
1298A—C) may represent an important risk factor in vascu-
lar diseases(1d).

Recently, there have been several reports on the correla
tion between MTHFR polymorphism and vascular diseases
in Taiwan, published by research teams from National
Taiwan University Hospital, the Veterans Hospital and
National Cheng-Kung University Hospital (1416, No report
on the prevalence of MTHFR 1298A—C or the relationship
between MTHFR 1298A—C and MTHFR677C—T in the
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Taiwanese population has been found so far. The aim of this
study was to use PCR and restriction fragment length poly-
morphism (RFLP) to screen the prevalence of MTHFR
1298A—C and MTHFR677C—T polymorphisms in CAD
patients and healthy subjects in the Tainan area and to find
out the association between cardiovascular disease and the
genotypes. The results will form the basis for future studies,
including assessment of plasma concentrations of Hcy, folate
and vitamin B12 in order to better clarify the relationship
between MTHFR polymorphisms and occurrence of vascular
disease.

MATERIALSAND METHODS

|. Subjects

Blood was collected from fifty-four patients with CAD
from the internal cardiovascular department at Chi-Mei
Hospital in Tainan. The average age of the group was 64.3,
and consisted of forty-one males and thirteen females.
Control samples were randomly collected from fifty-five
patients with non-CAD or non-vascular diseases history at
Chi-Mei Hospital. Their average age was 66.7, and consisted
of thirty-one males and twenty-four females.

I1. Isolation of Genomic DNA

Genomic DNA was isolated using the QlAamp DNA
Blood Mini Kit (QIAGEN GmbH, Hilden, Germany) from
blood drawn from CAD patients and control subjects. The
purity, size and concentration of isolated DNA were mea
sured by A260, A280 and agarose gel electrophoresis.

I11. PCR Amplification and MTHFR Polymorphisms
Detection

The MTHFR677C—T mutation aters an danine into a
valine residue, creating a Hinfl site. The presence of this
mutation was analyzed according to established proce-
dures®. The primers for PCR were 5 -TGAAGGAG-
AAGGTGTCTGGGGGA-3' (exonic) and 5'-AGGACG-
GTGCGGTGAGAGTG-3' (intronic). The PCR was carried
out in atotal volume of 50 uL, containing 10 mM Tris-HCl,
50 mM KClI, 0.1% TritonX-100, 200 pM dNTP, 1.5 mM
MgCl,, 100 ng genomic DNA, 10 pmol of each primer, and 2
units Tag DNA polymerase (Promega, Wisconsin, USA).
PCR parameters were as follows: an initial denaturation step
of 4 min at 94°C, followed by 30 cycles of 94°C/60 s,
55°C/60 s, and 72°C/60 s, and afinal cooling at 15°C.

The PCR amplified products were then cleaned by a
GFX™ PCR DNA Kit (Amersham Pharmacia Biotech,
Uppsala, Sweden) to remove excess primers. Five uL puri-
fied PCR fragments were digested with 1 uL (10 U/mL)
Hinfl at 37°C for 2 hours, followed by adding 1 puL (10
U/mL) Hinfl and reacted for another 2 hoursin order to com-
pletely digest the DNA. The restriction digested fragments
were then separated on 4% agarose gel electrophoresis.
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The MTHFR1298A— C mutation alters aglutamateinto
an alanine residue, abolishing a Mboll site. The
MTHFR1298A—C mutation was analyzed according to
established proceduresV). The PCR was carried out in atotal
volume of 50 pL, containing 10 pmol of forward primer 5'-
CTTTGGGGAGCTGAAGGACTACTAC-3 and 10 pmol of
the reverse primer 5 -CACTTTGTGACCATTCCG-
GTTTG' 3, 10 mM TrissHCI, 50 mM KCI, 0.1% TritonX-
100, 200 uM dNTPR, 1.5mM MgCl,, 100 ng genomic DNA,
and 2 units Taqg DNA polymerase (Promega, Wisconsin,
USA). PCR parameters were a 2-min denaturation step at
92°C followed by 35 cycles of 92°C/60 s, 51°C/60 s, and
72°Cl60 s, and afinal cooling at 15°C.

The PCR amplified products were then cleaned by a
GFX™ PCR DNA Kit (Amersham Pharmacia Biotech,
Uppsala, Sweden) to remove excess primers. Five uL puri-
fied PCR fragments were digested with 1 uL (10 U/uL)
Mboll at 37°C for 2 hours. The restriction digested fragments
were then separated on 4% agarose gel electrophoresis.

IV. Agarose Gel Electrophoresis

The restriction digested products were separated on 4%
agarose gel made of Nusive 3:1 agarose gel (FMC, Maine,
USA) and ethidium bromide. The running condition was 100
voltsfor 1.5 hours at 4°C. The gel was then visualized under
UV and the imagine was captured and stored by an Uvi sys-
tem.

V. Satistics

Statistical analyses were performed using SPSS win-
dow-10.0. Comparisons were analyzed by the Chi-square test
and the Fisher exact probability test.

RESULTS AND DISCUSSION

Genomic DNA was isolated from the blood of CAD
patients and control subjects by a QlAamp DNA Blood Mini
Kit. The isolated DNA was then analyzed on 0.5% agarose
gel electrophoresis. Most of the molecular weights of the
DNA were more than 15 kb, although some appeared to con-
tain tailing. Overall, the effect of purification was good and
the tailing might be due to pipeting shearing or gel overload-
ing.

The purified genomic DNA was then amplified by PCR
as described in Materials and Methods. The amplified prod-
ucts were then analyzed by a 2% agarose gel electrophoresis
and the molecular weights were 198 bp and 163 bp for
MTHFR677C—T and MTHFR1298A—C, respectively.

The MTHFR677C—T dlters an alanine into a valine
residue, creating a Hinfl site. After restriction analysis of the
198-bp PCR fragment with Hinfl, we expected and observed
the following: the MTHFR®"7+/+ (+ indicates wild type)
gives a 198-bp band, whereas MTHFRS77-/- (- indicates
mutant) results in a 175-bp band, and MTHFRS77+/- gener-
ates 198-bp and 175-bp bands (as shown in Figure 1). The
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Figure 1. Restriction enzyme analysis for the alanine to valine substi-
tution. The substitution creates a Hinfl recognition sequence which
digest the 198 bp fragment into 175 and 23 bp fragments; the latter frag-
ment has been run off the gel. All three possible genotypes are shown.

30/31bp
28bp

Figure 2. Restriction enzyme analysis for the glutamine to alanine sub-
stitution. The substitution abolishes an Mboll recognition site.
Digestion of the 163 bp fragment of the 1298 CC gives four fragments,
of 84, 31,30 and 18 bp, whereas the 1298AA genotype resultsin five
fragments, of, namely, 56, 31, 30, 28, and 18 bp. The 18 bp fragment
has been run off the gel. All three possible genotypes are shown.

MTHFR1298A— C mutation alters a glutamate into an ala-
nine residue, abolishing an Mboll site. After restriction
analysis of the 163-bp PCR fragment with Mboll, we expect-
ed and observed the following: the MTHFR12%+/+ gives 5
fragments, namely 56, 31, 30, 28 and 18-bp fragment, where-
as MTHFR12%./- results in 4 fragments, namely 84, 31, 30
and 18-bp fragment, and MTHFR12%+/- generates 6 frag-
ments, namely 84, 56, 31, 30, 28 and 18-bp fragment (as
shown in Figure 2).

Because each individua has both a MTHFR677 and a
MTHFR1298 genotype, the associations between disease and
dlélic variants of one polymorphism are first reported so that
their effects are described independently of allelic variants of
the other polymorphism. Among the 54 cases diagnosed with
CAD and 55 matched controls, we found the MTHFR877-/-
genotype present among 5 (11.1%) cases and 2 (3.6%) con-
trols, the MTHFR877+/- genotype among 19 (35.2%) cases
and 18 (32.7%) controls, and the MTHFR877+/+ allele
among 29 (53.7%) cases and 35 (63.6%) controls. It seemed
that the occurrence of MTHFR®77-/- allele was a little bit
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higher in CAD patients than in control, indicating that sub-
jects with homozygous mutations may be prone to cardiovas-
cular diseases. However, the association between disease and
the allelic variants analyzed by the Chi-sgquare test and the
Fisher exact probability test showed an insignificant correla-
tion (P=0.275). There have been several reports on the corre-
lation between MTHFR polymorphisms and CAD in Taiwan
(14-16) A report published by National Taiwan University
Hospital showed the frequency of the MTHFRS77-/- geno-
type for CAD patients and control subjects was similar, both
were 10%(14; while aslightly higher frequency can be found
in CAD (6.7%) than in the control (4.6%) according to a
National Chen-Kung University Hospital report(6), The fre-
quency of the MTHFRS77-/- genotype in CAD patient in this
study (11.1%) was a little bit higher than previous reports.
Generally speaking, distribution of MTHFR877-/- genotype
varied significantly among different populations. The world-
wide survey of 881 unrelated individuals published by
Schneider et al. showed that the MTHFRS77-/- genotype fre-
quency in Africanswas the lowest at 0%, Europeans at 7.4%,
and Asia populations (including Chinese, Mongolia, Vanuatu
and Indonesia) varying from 1.5% to 12.8%(19. Another
report on 114 unselected French Canadians showed the
MTHFRS77-/- genotype frequency was 12%(%. Another
report showed that the MTHFR®77-/- genotype frequency for
European, Middle East and Japanese populations was from
12 to 15 %17, Our report on the frequency of MTHFR®77-/-
genotype for Southern Taiwanese is higher than that of
Africans but lower than European, Middle East or Japanese
populations.

We further analyzed the MTHFR1298 A—C polymor-
phism among the same samples. We found that the
MTHFR1298-/- alele present among 2 (3.7%) cases and 3
(5.45%) controls, the MTHFR12%+/- genotype among 16
(29.6%) cases and 16 (29.1%) controls, and the
MTHFR12%+/+ allele among 36 (66.7%) cases and 36
(65.5%) controls. The frequency of MTHFR12%./- genotype
reported here was much lower than that of Dutch(1) or
Canadiansi1? (10%). From the above results, we concluded
that the association between CAD and MTHFRS77-/- geno-
type (P=0.275) is insignificant and no association between
CAD and MTHFR2%./- can be found (P=1).

We next investigated the distribution of the joint
effects of the two polymorphisms as shown in Table 1.
Here we found the genotype frequency for normal alele
(MTHFR®77+/+, MTHFR12%4/+) is the highest, about 35%,
among both the CAD and the control; followed by
heterozygous MTHFR677 and normal MTHFR1298
(MTHFRS77+/-, MTHFR12%+/+), about 24%; and followed
by normal MTHFR677 and heterozygous MTHFR1298
(MTHFRS7+/+, MTHFR12%8+/-), about 19%. The trends
were compatible with the report of Skibola8). The frequen-
cy of double heterozygous mutations (M THFRS77+/-,
MTHFR12%8+/.) ishigher in CAD patients than in the control
(13% vs. 7.3%). It has been shown that the enzyme activity of
double heterozygous mutations is similar to that of homozy-
gous mutation (MTHFR®77-/-) and is only 50-60% of normal
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Table 1. Frequency of the MTHFR 677and MTHFR 1298 genotypes in coronary artery disease patients and controls

CAD n(%) total: 54 (100%)

Control n(%) total: 55 (100%)

MTHFRS+/+  MTHFRO77+/- MTHFRS7-/- MTHFRS+/+  MTHFRS7+/- MTHFRS7-/-
MTHFR12%84/+ 18(33.3%) 12(22.2%) 6(11.1%) 20(36.3%) 14(25.5%) 2(3.6%)
MTHFR1298+/. 9(16.7%) 7(13.0%) 0(0%) 12(21.8%) 4(7.3%) 0(0%)
MTHFR12%./- 2(3.7%) 0(0%) 0(0%) 3(5.5%) 0(0%) 0(0%)

genotypel1?, Furthermore, we were unable to identify any
subject with double homozygous mutations (MTHFR877-/-,
MTHFR12%./-) in CAD patients or normal control. Similar
results have been reported in Dutch® | Canadian?, and
British(®) populations.

The above results may indicate: 1) The frequency of
genotype of MTHFR®77-/- or MTHFR12%./- js lower in the
Taiwanese population than in most other populations.
Therefore, although the distribution of MTHFR®77-/- was
higher in CAD patients than in the control, the association
between CAD and MTHFR®77-/- isinsignificant. The distrib-
ution of MTHFR2%./- genotype is similar between CAD
patients and the control, suggesting that Southern Taiwanese
with the M THFR877-/-, not the M THFR12%. /- genotype may
be at an increased risk for cardiovascular disease. 2) The
patients we screened may carry other genetic mutations such
as cystathionine-p-synthase (CBS) and methionine synthase
(MS), which may also cause hyperhomocysteinaemia. 3)
MTHFR mutation exerts its influence on CAD through the
action of Hcy. However, the plasma Hcy level is not only
influenced by the genetic variations, but also by non-genetic
factors such as diet. The nutritional compensation may make
a substantial difference in Hcy levels among those with
MTHFRE77-/- genotype. It has been known that in addition to
hyperhomocysteinaemia, high blood pressure, hypercholes-
terolaemia, diabetes or smoking are risk factors cardiovascu-
lar disease. As the MTHFR mutations account only for a
fraction of the risk factors, a much larger sample size might
be necessary to demonstrate the relationship between
MTHFR polymorphisms and occurrence of vascular disease.
Perhaps a long-term study of plasma concentrations of Hcy
and the intake of folate and vitamin B12 would be needed to
clarify the association between MTHFR polymorphisms and
CAD.

ACKNOWLEDGEMENTS

We thank Dr. C. M. Yang in the Department of
Pharmacy as well as Dr. C. Chen and C. Cheng of the Chi-
Mel Hospital for providing samples. This research was sup-
ported partially by the National Science Council Grant
NSC88-2314-B-041-001.

REFERENCES

1. Woo, K. S., Chook, P, Lalin, Y. I., Cheung, A. S., Chan,
L. T., Sun, Y. Y., Sanderson, J. E., Metreweli, C. and
Celermagjer, D. S. 1997. Hyperhomocysteinemiais a risk
factor for arterial endothelial dysfunction in humans.

Circulation 96: 2542-2544.

2.Boers, G. H. J., Smals, A. G. H., Trijbels, F. J. M.,
Fowler, Bakkeren, J. J. M., Schoonderwaldt, H. C.,
Kleijer, W. and Kloppenborg, P. C. 1985. Heterozyosity
for homocystinuriain premature peripherial and cerebral
occlusive arterial disease. New Engl. J. Med. 313: 709-
715.

3. Genest, J. JJr., McNamara JR, S. D., Wulson, P W. F,
Schaefer, E. J. and Malinow, M. R. 1990. Plasma homo-
cysteine levels in men with premature coronary artery
disease. J. Am. Coall. Cardiol. 16: 1114-1119.

4. Clarke, R., Daly, L., Robinson, K. et al. 1991. Hyperho-
mocysteinemia: an independent risk factor for vascular
disease. New Engl. J. Med. 324: 1149-1155.

5. Stampfer, M. J., Malinow, M. R., Willett, W. C.,
Newcomer, L., Upson, B., Ullmann, D., Tishler, P. and
Hennekens, C. H. 1992. A propective study of plasma
homocysteine and risk of myocardial infarction in US
physicians. J. Am. Med. Assoc. 268: 877-881.

6. De Stefano, V., Finazzi, G. and Mannucci, P. M. 1996.
Inherited thrombophilia : pathogenesis, clinical syn-
dromes, and management. Blood 87: 3531-3544.

7.Kang, S. S., Wong, P. W. K., Susmano, A., Sora, J.,
Norusis, M. and Ruggie, N. 1991. Thermolabile methyl-
enetetrahydrofolate reductase: An inherited risk factor
for coronary artery disease. Am. J. Hum. Genet. 48: 536-
545.

8. Nygard, O., Vollset, S. E., Refsum, H. et al. 1995. Total
plasma homocysteine and cardiovascular risk profile:
The Hordaland homocysteine study. JAMA J. Am. Med.
Assoc. 274: 1526-1533.

9. Frosst, P, Blom, M. J,, Lios, R., Goyette, P, Sheppard, C.
A., Matthews, R. G., Bores, G. J. H., den Heijer, M.,
Kluitimans, L. A. J,, van den Heuvel, L. P. and Rozen, R.
1995. A candidate genetic risk factor for vascular disease:
a common mutation in methylenetetrahydrofol ate reduc-
tase. Nature Genet. 10: 111-113.

10. Guttormsen, A. B., Ueland, P. M., Nesthus, |., Nygard,
0., Schneede, J., Volset, S. E. and Refsum, H. 1996.
Determinants and vitamin responsiveness of intermediate
hyperhomocysteinemia (= 40 pmol/liter). The Hordaland
homocysteine study. J. Clin. Invest. 98: 2174-2183.

11. van der Put, N. M., Gabreels, F., Stevens, E. M.,
Smeitink, J. A., Trijbels, F. J., Eskes, T. K., van den
Heuvel, L. P. and Blom, H. J. 1998. A second common
mutation in the methylenetetrahydrofolate reductase
gene: an additional risk factor for neural-tube defects?
Am. J. Hum. Genet. 62: 1044-1051.

12. Weisberg, 1., Tran, P, Christensen, B., Sibani, S. and



Journal of Food and Drug Analysis, Vol. 9, No. 3, 2001

Rozen, R. 1998. A second genetic polymorphism in
methylenetetrahydrofol ate reductase (M THFR) associat-
ed with decreased enzyme activity. Mol. Genet. Metab.
64: 169-172.

13.Kang, S. S., Passen, E. L., Ruggie, N., Wong, P. W. K.
and Sora, H. 1993. Thermolabile defect of methlenete-
trahydrofolate reductase in coronary artery disease.
Circulation 88: 1463-1469.

14. Chao, C. L., Tsai, H. H,, Leg, C. M., Hsu, S. M., Kao, J.
T., Chien, K. L., Sung, F. C. and Lee, Y. T. 1999. The
graded effect of hyperhomocysteinemia on theseverity
and extent of coronary atherosclerosis. Atherosclerosis
147: 379-386.

17.

18.

177

Methylenetetrahydrofol ate reductase gene polymorphism
and coronary artery disease in Taiwan Chinese.
Haematologica 4: 445-446.

Motulsky, A. G. 1996. Nutritional ecogenetics : homo-
cysteine-related a teriosclerotic vascular disease, neural
tube defects, and folic acid. Am. J. Hum. Genet. 58: 17-
20.

Skibola, C. F., Smith, M. T., Kane, E., Roman, E.,
Rollinson, S., Cartwright, R. A. and Morgan, G. 1999.
Polymorphism in the methylenetetrahydrofolate reduc-
tase gene are associated with susceptibility to acute
leukemia in adults. Proc. Natl. Acad. Sci. U. S. A. 96:
12810-12815.

15. Ho, C. H. 2000. The influence of age, sex, vitaminB12,  19. Schneider, J. A., Rees, D. C., Liu, Y. T. and Clegg, J. B.
folate levels and methylene-tetrahydrofolate reductase 1998. Worldwide distribution of a common methylenete-
C677T genetic mutations on plasma homocysteinein the trahydrofolate reductase mutation. Am. J. Hum. Genet.
Chinese popul ation. Haematologica 10: 1057-1054. 62: 1258-1260.

16. Chen, T. Y., Chen, J. H. and Tsao, C. J. 2000.

b = e wR wh
SHIEEKRESIKREES — R T Iy S EERE
1 A
%HﬁzﬁA

U TR R

AL E

A SE B RHR R R Ak A
é@%ﬁm%ﬁﬁﬁaﬁﬁg&6ﬁﬁ

Qe

1

Hyperhomocysteinaemia ( & ¥ Bt ik 82 8 ) #38
— ° R YLK HF %45  Homozygous 4 £ 495 » 10 —

reductase, MTHFR ) » & 4% sz 7% ¥ homocysteine i & 32 & » F'fr VAMTHFR #) % 4

: September 16, 2000 ; gz

: May 7,2001)

3

BF o AFFRZ B8RP & HHPCR Fo IR 40 3 185 kB k&

HAEFHZMTHFR A B & » KA1 R £54 &

LKA E Sk ERBRFRBRZERETZ
RY Rw g R REE (510-Methylenetetrahydrofolate

T b A o R R 0 E R AR
A (RFLP) R K& dkE i kB E

R 7 HJH‘% & ¥ MTHFR 677C—T & homozygous % £
(MTHFRS77-/-) 45 11.1% > % /£ 55 4 £ % % 4% % %43.6% (P = 0.275) - £ MTHFR1298 # A # % #

A F

& & RAET K IAkR & AEMTHFRIZS. £ 4 245 (3.7%) > SEEF H X %550 2% 7K (P=1.000) -

VAL R TMTHFRS- [T A Bl A B K Bk % 69 B W £ 2 — » 2MTHFR 1298A—C #
My Ak B FMTHFRST-/- 4% 45 11.1% > - MTHFR298_/_4% 45 3.7% >

ARG Mk s & BRI - S EAERE
Brds BNEYEKBIkR S
# o MAERE o
MTHFR % £ 5 & 1 5o % 5% 9% 2 B 1k o
—R¥Ekwm

BHEEE © 50 10

AY¥EMRERE  FAER

¥ it 3 % i MTHFR677 2 MTHFR1298 3t 1 4 & F i& % & Jst X 3% 2
H R R AT — 5 AR B 2 P homocysteine ~ B R4 FB122 4% A THREEHE

AR B Mk e 0 TRFI N I BE R KR

REAAEEA

> Xk P

% M



	Genotyping 5,10-methylenetetrahydrofolate reductase for patients with coronary artery disease in Southern Taiwan
	Recommended Citation

	tmp.1657736286.pdf.85so5

