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Gastric Cancer Susceptibility according to Methylenetetrahydrofolate
Reductase and Thymidylate Synthase Gene Polymorphism
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Purpose: The genetic polymorphism and intracellular activity of methylenetetrahydrofolate reductase (MTHFR) and
thymidylate synthase (TS) is clinically associated with carcinogenesis and biological therapeutic effect in gastro-
intestinal malignancies. We aimed to elucidate the susceptibility of gastric cancer according to MTHFR and TS
gene polymorphism.

Methods: This study was designed as a hospital-based case-control study in a single institute. The gastric cancer
group (n=300) for the study was diagnosed at first time as tubular adenocarcinoma, and the control group (n=100)
was diagnosed as no malignancy in the endoscopic biopsy. The genetic polymorphism of TS and MTHFR were
confirmed by PCR.

Results: The MTHFR mutant type had a more than 2-fold increased risk of developing gastric cancer (RR: 2.341).
But, only heterozygote type (677CT) revealed significantly higher susceptibility compared to wild type (RR: 2.581).
In TS gene genotype, the mutant genotype rate (2R/3R and 3R/3R) was significantly higher in gastric cancer
group compared to control group (P=0.008), and the mutant type had a more than 3-fold increased risk of
developing gastric cancer (RR: 3.222). In combined MTHFR and TS, 677CT+2R/3R and 677CT+3R/3R there
was more than a 3-fold increased risk rate of developing gastric cancer compared with other combinations (RR,
3.474 in 677CT with 2R/3R; RR, 3.895 in 677CT with 3R/3R).

Conclusion: This study shows a significant association between the MTHFR and TS polymorphisms and
susceptibility to gastric cancer, providing a genetic basis. The polymorphisms study of two genes could be applied

as susceptibility markers, clinically, for gastric cancer.

(J Korean Surg Soc 2010;79:27-34)
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INTRODUCTION

Gastric cancer is a major cause of death worldwide,
although there are differences of its prevalence between
Asian countries and Western countries. The molecular
events for the carcinogenesis of gastric cancer have been
studied in detail, yet there are increasing concerns about

the genetic polymorphism of gastric cancer. Several attempts
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are currently being made to search for screening tools,
prognostic factors, and markers that can predict the thera-
peutic response during chemotherapy.(1,2) However, any
meaningful markers associated with the diagnosis or thera-
peutic response for gastric cancer has not yet been found.

Several studies have reported that low levels of dietary
folic acid are associated with an increased risk for gastro-
intestinal cancer.(3,4) DNA methylation, which has an
important role in carcinogenesis, can be modified by
limiting the supply of methyl groups in the diet.(5,6) An
important biological function of folate is to provide the
methyl groups which are required for intracellular methy-
lation reactions and de novo deoxynucleoside triphosphate

synthesis. Therefore, folate deficiency is thought to be
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carcinogenic through the disruption of DNA methylation/
synthesis and impairment of DNA repair.(7)

Methylenetetrahydrofolate reductase (MTHFR) is an
enzyme that catalyzes the intracellular reduction of 5,10-
methylenetetrahydrofolate (5,10-MTHF) to 5-methylenete-
trahydrofolate (5-MTHEF) as a key protein in the DNA
methylation pathway. A common polymorphism in the
MTHEFR gene is a cytosine (C) at codon 677 is replaced
by a thymine (T), and there are three genotypes; 677CC
(wild type), 677CT (heterozygote mutant) and 677TT
(homozygote mutant). The homozygote mutant has recently
been reported to be associated with increased plasma
homocysteine, but only in the condition with low plasma
folate levels. Another genetic mutation of the MTHFR
gene is the substitution of the 1,098th base pair. The bio-
logical concentration or activity of MTHFR can be decreased
in the circumferences of folic acid deficiency or genetic
mutation of the MTHFR gene. But if the MTHFR gene
mutation will occur despite an adequate amount of folic
acid intake, then the activity of MTHFR will also be
decreased.(8,9)

Thymidylate synthase (TS) is a key enzyme in the
nucleotide synthesis that catalyzes the methylation of deoxy-
uridine monophosphate ({UMP) by 5,10-MTHF acting as
a cofactor. This function is very important not only as a
source of thymidylate in the cell, but also for the DNA
replication and repair system.(10) This enzyme has drawn
interest as a primary target for cancer chemotherapeutic
agents such as 5-fluorouracil (5-FU), 5-fluoro-2-prime-deoxy-
uridine and some folate analogs. The majority of the
polymorphisms of TS are originated from the phenomena
of doubletandem repeat (2R) or tripletandem repeat (3R)
of the TS enhancer region (TSER), and there are three
genotypes: 1) the wild type 2R/2R, 2) the heterozygote
mutant 2R/3R and 3) the homozygote mutant 3R/3R.(11)
A higher rate of the repeated number has revealed a greater
rate of expressing TS mRNA. The polymorphism of the TS
gene affects disturbing the level of intracellular folic acid,
which results in an imbalance of the ratio of dUMP/
dTMP, and this can be associated with the susceptibility

to a specific cancer by causing an error in DNA replica-

tion.(12)

It has been reported that the polymorphism of TS or
MTHER is related with the risk of esophageal, endometrial
and breast cancer.(13-15) Moreover, the intracellular activity
of TS and MTHEFR is clinically associated with the bio-
logical therapeutic effect of 5-FU-based chemoregimens for
most gastrointestinal malignancies because the main mecha-
nism of 5-FU is inhibition of TS by fluorodeoxyuridine
monophosphate, which forms an inactive complex with TS
and 5,10-MTHF. The activity of both enzymes is under
genetic control and several gene polymorphisms are known
to influence their tissue expression.(16)

In this study, we aimed to determine the susceptibility
of Koreans to gastric cancer according to MTHFR and TS

gene polymorphism.
METHODS

Briefly, this study was designed as a hospital-based case-
control study in a single institute. The patients of the
gastric cancer group (n=300) for the study were diagnosed
for the first time as having tubular adenocarcinoma from
January, 2003 to June, 2007 at St. Mary’s Hospital, The
Catholic University of Korea. The patients of the control
group (n=100) were diagnosed as not having malignancy on
their endoscopic biopsies. The cases with synchronous
malignancies or inaccurate medical records were excluded
from the analysis. All the patients provided their written

informed consent for participation in the study.
1) Gene polymorphism

The venous blood was collected from the subjects in
both groups. The DNA was extracted from the lymphocytes
using a DNA extraction kit (QIAmp® DNA Mini Kit,
QIAGEN Inc., Hilden, Germany). The extracted DNA was
standardized to 100 ng and 1 #] was used with 1 pmol
of the primer 10 mM of dNTP, 0.5 units of Tag DNA
polymerase and 2 11 of 10x PCR buffer solution (100 mM
Tris-HCI, 500 mM KCI, 15 mM MgCly); a total mixture
of 20 11 was used for the PCR. The T-1 Thermoblock
PCR machine (Biometra, Germany) was used for PCR.
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(1) MTHFR gene polymorphism: The sense primer was
5-TGA AGG AGA AGG TGT CTG CGG GA-3' and the
antisense primer was 5-AGG ACG GTG CGG TGA GAG
TC-3". In order to amplify the 198 bp products, after 5
minutes of early denaturation at 95°C followed by 15
seconds of denaturation at 95°C, 60 seconds of annealing
at 56°C and 60 seconds of extension reaction at 50°C were
repeated for 40 cycles. The restriction enzyme Hinf I can
recognize the CT sequence of MTHFR on the amplified
fragments. After being treated with Hinf I, the fragments
were checked by running them on a 2.5% agarose gel. The
MTHFR codon 677 mutational variant was analyzed by
PCR-RFLP and three types were found. The 677CC (wild
type) was not degraded by Hinf I and only the 198 bp
fragment was shown. For the 677CT (heterozygote type)
genotype, 198 bp, 175 bp and 23 bp fragments were seen,
and 175 bp and 23 bp fragments were observed for the
677TT (homozygote type) genotype (Fig. 1).

(2) TS gene polymorphism: The sense primer was
5-GTG GCT CCT GCG TIT CCC CC-3, and the
antisense primer was 5-GGC TCC GAG CCG GCC ACA
GGC ATG GCG CGG-3'". After the initial denaturation
at 94°C for five minutes, the DNA was denatured at 94°C

for forty seconds, then an annealing process was done at

bp bp

200 198
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100

23

Ladder TT CC CT

Fig. 1. The polymorphism result of PCR according to methylen-
etetrahydrofolate reductase genotypes.

62°C for 1 minute and 35 cycles for 40 seconds was done
for the extension reaction; finally, the sample was reacted
at 72°C for 5 minutes. The electrophoresis of the amplified
DNA fragments was performed in 4% agarose gel for 30
minutes. The homozygotic double repeat 2R/2R (wild type)
formed a single band at 214 bp and the heterozygotic
2R/3R (heterozygote type) formed double bands at 214 bp
and 242 bp, and finally the homozygotic triple repeat
3R/3R (homozygote type) formed a single band at 242 bp
(Fig. 2).

2) Statistic analysis

The analysis was performed according to each of the
gene genotypes, and only the combined status was inputted
into the multivariate analysis. The results of the continuous
variables are expressed as meanststandard deviation (SD).
Univariate statistical analysis was performed using Chi-
square or Fisher’s exact test for the categorical variables,
and the binary logistic regression method was used for the
multivariate analysis. Statistical analyses were performed
using SPSS software (Ver. 13.0) and a P-value <0.05 was
considered to indicate a statistically significant difference

with a 95% confidence interval (95% CI).

bp bp
300 242
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Ladder 2R/3R  2R/2R

Fig. 2. The polymorphism result of PCR according to thymidylate
synthase genotypes.



30 J Korean Surg Soc. Vol. 79, No. 1

RESULTS
1) Basic characteristics

In the gastric cancer group, the ages of the patients
ranged from 14 to 91 years old (mean age: 59.3£12.4 years)
and the male/female ratio was 181/119. In the control
group, the patients’ ages ranged from 12 to 74 year old
(mean age: 45.8+16.0 years) and the male/female ratio was
35/65 in the control group. The cancer group was signifi-
cantly older than control in age, and male gender was
significantly dominant in cancer group (P<<0.05, data not
shown). The distribution of gastric cancer patients according
to the sixth edition UICC/TNM staging system were as
follows: 1A, 119 (29.8%); IB, 60 (15.0%); 11, 37 (9.3%);
IIA, 21 (5.3%); 11IB, 18 (4.5%); IV, 45 (11.3%) (data not

shown).

2) Distribution and susceptibility of the phenotype
according to MTHFR and TS gene polymorphism

The distribution of each gene polymorphism is shown

in detail in Table 1. For the MTHFR gene polymorphism,

Table 1. The distribution of MTHFR and TS gene polymorphism

Gastric cancer group Control group

(n=300) (%) (n=100) (%)
Methylenetetrahydrofolate reductase (MTHFR)

677CC 18 (6.0) 13 (13.0)
677CT 218 (72.7) 61 (61.0)
677TT 64 (21.3) 26 (26.0)
677CT+677TT 282 (94.0) 87 (87.0)
Thymidylate synthase (TS)
2R/2R 10 (3.3) 10 (10.0)
2R/3R 91 (30.3) 30 (30.3)
3R/3R 199 (66.3) 60 (60.0)
2R/3R+3R/3R 290 (96.6) 90 (90.3)
Combined result of MTHFR and TS genotypes
677CC+2R/2R 6 (2.0) 6 (6.0)
677CT+2R/2R 4 (1.3) 4 (4.0
677TT+2R/2R — —
677CC+2R/3R 6 (2.0) 5 (5.0)
677CT+2R/3R 66 (22.0) 19 (19.0)
677TT+2R/3R 19 (6.3) 6 (6.0)
677CC+3R/3R 6 (2.0) 2 (2.0)
677CT+3R/3R 148 (49.3) 38 (38.0)
677TT+3R/3R 45 (15.0) 20 (20.0)

the frequencies for MTHFR 677CC, 677CT and 677TT
were 6.0%, 72.7% and 21.3%, respectively, for the gastric
cancer group and they were 13.0%, 61.0% and 26.0%,
respectively, for the normal control group. The heterozygote
genotype (677CT) was revealed to have the highest rate in
the gastric cancer group and the control group in a similar
fashion (72.7% and 61.0%, respectively). The expressed
frequency of the 3 genotypes was revealed to be significant
different (P=0.031). The mutant type (667CT and 667 TT)
was showed to occur at a significantly higher rate in the
gastric cancer group as compared to that of the normal
group (P=0.023). For the TS gene polymorphism, the
frequencies for TS 2R/2R, 2R/3R and 3R/3R were 3.3%,
30.3% and 66.3%, respectively, for the gastric cancer group
and 10.0%, 30.3% and 60.0%, respectively, for the normal
control group. The homozygote genotype (3R/3R) was
revealed to have the highest rate in the gastric cancer group
(66.3%), and this was similar to that in the control group
(60.0%). There was a significant difference in the expre-
ssion rate of the three genotypes of the TS gene between
the gastric cancer group and the control group (P=0.028).
The mutant genotype (ZR/3R and 3R/3R) was present at
a significantly higher rate in the gastric cancer group as
compared to that of the control group (P=0.008) (Table 2).

The multivariate analysis result for the susceptibility to
gastric cancer is shown in Table 3. First, for the MTHFR

gene genotypes, the subjects with the mutant type had

Table 2. Univariate results of susceptibility according to MTHFR
and TS gene polymorphism

Gastric cancer Control
P-value

group (%) group (%)

Methylenetetrahydrofolate reductase (MTHFR)

677CC 18 (6.0) 13 (13.0) 0.031
677CT 218 (72.7) 61 (61.0)
677TT 64 (21.3) 26 (26.0)
677CC 18 (6.0) 13 (13.0) 0.023
677CT+677TT 282 (94.0) 87 (87.0)
Thymidylate synthase (TS)
2R/2R 10 (3.3) 10 (10.0) 0.028
2R/3R 91 (30.3) 30 (30.0)
3R/3R 199 (66.3) 60 (60.0)
2R/2R 10 (3.3) 10 (10.0) 0.008
2R/3R+3R/3R 290 (96.6) 90 (90.0)
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Table 3. Multivariate* results of susceptibility according to MTHFR
and TS gene polymorphism

Relative

P-value : 95% CI'
risk
Methylenetetrahydrofolate reductase (MTHFR)
677CC - - —
677CT 0.016 2.581  1.198~5.562
677TT 0.183 1.778  0.762~4.145
677CT+677TT 0.027 2.341  1.103~4.970
Thymidylate synthase (TS)
2R/2R - - -
2R/3R 0.025 3.033  0.151~7.992
3R/3R 0.011 3317 1.318~8.246
2R/3R+3R/3R 0.012 3222 1.300~7.988
Combined result of MTHFR and TS genotypes
677CC+2R/2R - - -
677CT+2R/2R 1.000 1.000  0.167~5.985
677TT+2R/2R — — -
677CC+2R/3R 0.827 1.200  0.233~6.185
677CT+2R/3R 0.049 3.474  1.004~12.019
677TT+2R/3R 0.121 3.167  0.738~13.595
677CC+3R/3R 0.272 3.000 0.423~21.297
677CT+3R/3R 0.025 3.895 1.189~12.756
677TT+3R/3R 0.203 2.250  0.646~17.839
*Multivariate analysis = binary logistic regression with “enter”

method; T95% CI = 95% confidence interval.

more than a 2-fold increased risk of gastric cancer (RR:
2.341, 95% CI: 1.103~4.970) as compared with that of
the subjects with the MTHFR wild genotype. Yet only the
heterozygote type (677CT) was revealed to confer a signifi-
cantly higher susceptibility to gastric cancer as compared
to that of the wild type (RR: 2.581, 95% CI: 1.198~
5.562). For the TS gene genotype, the subjects with the
mutant type had more than a 3-fold increased risk of
gastric cancer (RR: 3.222, 95% CI: 1.300~7.988) as
compared with that of the subjects with the wild genotype.
Among the mutant types, the homozygote type (3R/3R)
showed a higher risk than that of the heterozygote type
(RR: 3.317 vs 3.033, respectively).

For the combination of the MTHFR and TS, the 677CT
+3R/3R type revealed highest rate in the gastric cancer
group (49.3%), similar to that in the control group
(38.0%). Interestingly, the wild type had the lowest expre-
ssion rate in both groups. A combination of 677CT+
2R/3R and 677CT+3R/3R had a more than 3-fold

increased risk of gastric cancer compared with that of the
other combinations (RR: 3.474, 95% CI: 1.004~12.019
in the 677CT with 2R/3R; RR: 3.895, 95% CI: 1.189~
12.756 in the 677CT with 3R/3R, respectively) (Table 3).

DISCUSSION

Genetic polymorphism makes a difference for the suscep-
tibilities of specific malignancies between individuals or
ethnic groups. Though genetic polymorphism is not a
single major cause for carcinogenesis, it is able to increase
the risk as a co-factor in the circumstance of interaction
with environmental factors. If a genetically highly sensitive
group for a certain cancer could be examined according to
their genetic polymorphism, more effective screening and
helpful prevention should be possible in the future. Among
the diverse genetic polymorphisms, a specific polymorphism
associated with metabolic enzymes causes a difference in
intracellular enzymatic activity.(17) Moreover, the polymor-
phism of the gene associated with methylation can result
in carcinogenesis because DNA methylation has been
implicated in the pathophysiology of many cancers in the
aspect of epigenetics.

In this report, we focused on MTHFR and TS gene
polymorphism in normal and cancer population prior to
evaluating the possibility of using these marker to predict
its responsibility for a response to 5-FU in gastric cancer
patients in the Korean population. MTHFR and TS gene
polymorphism affects DNA synthesis and repair systems,
and plays an important role in carcinogenesis by inhibition
of DNA methylation.(18)

The biological concentration or activity of MTHFR can
be decreased in the circumstance of folic acid deficiency
or genetic mutation of the MTHFR gene. One of the
important things associated with MTHFR is the gene-
nutrient interaction. However, in the presence of low folate
intake, both impaired DNA methylation and DNA synthesis/
repair may become the primary mechanism of carcinogenesis
in those people who have the variant MTHFR geno-
types.(13) Therefore, folate deficiency is also thought to be
carcinogenic through the disruption of DNA methylation/
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synthesis and impaired DNA repair.(7) Whereas the wild
type of the MTHFR genotype (667CC) had full enzymatic
activity, the heterozygote (677CT) and homozygote (677TT)
mutant genotypes showed 65% and 30% activity, respec-
tively. It was reported that diminution of MTHFR activity
resulted in mismatching of uracil during DNA synthesis,
breaking of the DNA’s double strand and inhibition of
DNA methylation. Consequently, these genetic events could
be resulted in epigenetic carcinogenesis.(19) The potential
clinical implications resulting from the lower genomic
DNA methylation observed in persons, who are presented
MTHEFR 677TT, are less clear.(20) In our study, the wild
type MTHFR group paradoxically was lowest for cancer,
and the expression rate of the heterozygote was higher than
the expression rate of the homozygote that has less
enzymatic activity. However, the heterozygote MTHFR
mutant group (677CT) had only relatively higher susceptibility
to gastric cancer as compared to that of the normal
population and the difference was significant (RR=2.581,
P=0.016). The 667TT mutant type did not have a relative
risk for gastric cancer as compared to that of the 667CT
mutant (P=0.183). For esophageal squamous cell carcinoma
(ESCC), an elevated ESCC risk associated with the 677
polymorphism showed an allele-dose relationship in the
Chinese population.(13) Several other studies have reported
an association of MTHFR and the cancer risk. One study
reported a 50% reduction in the colorectal cancer risk with
the TT genotype compared to persons with the wild type
MTHEFR.(21) On the other hand, it was recently reported
that the TT genotype becomes a risk factor for colorectal
adenoma under the condition of low folate intake.(20)
However, we don’t have the data for folate intake in this
study, and further study is necessary about this point for
clarification.

The TS is located on the short arm of the 18th chro-
mosome, and is a folate-dependent enzyme that plays an
important role in the biosynthesis of thymidylate, which is
an important precursor nucleotide for de novo DNA synthesis.
Once MTHF becomes dihydrofolate, it induces the transfer
of a methyl group, and converts dUMP to dTMP in DNA
synthesis. It was reported that the expression of the TS

gene with 2R was 3.6-fold lower than that of 3R, and the
TS mRNA level in the 2R/2R genotype was 3.6-fold lower
than that of the 3R/3R genotype in the cancer tissue.(11,22)
In our study, the 2R/3R and 3R/3R genotypes were found
more frequently in the gastric cancer group with signifi-
cance, and the heterozygote and homozygote TS mutant
group had only relatively higher susceptibility to gastric
cancer as compared with that of the normal population
with significance (RR=3.033 in 2R/3R, RR=3.317 in
3R/3R). However, it was reported that there was few limi-
tations for explaining the cancer susceptibility because a
comparison of the 2R/2R and 3R/3R genotypes might
have provided stronger evidence of differential translation
with an unknown mechanism, and the 2R/2R genotype is
quite rare in Asians.(12) It was also reported that the
homozygous (3R/3R) mutant was found to have elevated
levels of intra-tumoral TS mRNA, but the enzyme activity
was not matched with the genotype.(23) In the tissue of
metastatic colon cancer, the activity of the TS in the
3R/3R was far greater than in the 2R/3R.(24) However,
because there are many normal cells in gastric cancer tissue,
false positive or negative results could frequently occur
when quantitatively analyzing the TS mRNA or proteins.
These results also support that TSER genotyping is more
useful than assessing mRNA or protein due to its lower
error rate. The TS genotype information may be a useful
predictor of the efficacy of TS-related chemotherapy. The
principle is that greater levels of TS translation could
protect cells from the cytotoxic effect of 5-FU. The
induction of the TS protein expression through autoregulation
after 5-FU exposure was proposed as one mechanism for
tumor resistance to 5-FU. Moreover, TS protein induction
with no change of the TS mRNA expression shortly after
5-FU exposure has been observed in many cell lines and
clinical samples.(25,26)

The TS is a key enzyme in the nucleotide synthesis that
catalyzes the methylation of dUMP by 5,10-MTHF as a
cofactor, and a correlation of genetic polymorphism between
the two genes could be existed. Therefore, we postulate that
the combination of both genomic polymorphisms could be

increased the susceptibility to gastric cancer, and we eval-
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uated the combined results of each genes. The combi-
nation of 677CT+2R/3R and 677CT+3R/3R had a
more than 3-fold increased risk of gastric cancer as
compared with that of the other combinations. There have
been reported no other comparable results up to now.

However, this study has some limitations. There were
significant differences in age and gender between the
groups because this study was designed as case-control
study, and the basic mutation rate in both groups was
higher compared to previously reported results. We think
that the dissimilarity of mutation rate has been resulted
from the difference of diet by regional, but this correlation
should be confirmed in the next.

In conclusion, this study shows a significant association
between the MTHFR and TS polymorphism and the
susceptibility to gastric cancer, and provides a genetic basis
for this relationship. Moreover, MTHFR and TS polymor-
phisms could be used as genetic marker under a specific
dietary (folate) environment. In addition, a large scale
patient-control cohort study is needed to confirm the
biological function that involves such ethnic and geo-

graphical aspects.
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