
Abstract. Background: Thymidylate synthase (TS) and
methylenetetrahydrofolate reductase (MTHFR) play important
roles in folate metabolism. Previous studies have suggested that
TS expression is a prognostic factor in non-small cell lung
cancer (NSCLC). The TS gene has a variable number of
tandem repeats (VNTR) and single nucleotide polymorphism
(SNP) in the 5’-untranslated region, which are associated with
TS expression. This association suggests that the TS
polymorphism is a novel prognostic factor in NSCLC. In the
present study, multiple genetic polymorphisms, TS VNTR, TS
SNP and MTHFR C677T, were analyzed in NSCLC and
compared with clinicopathological features and patients’
prognoses. Materials and Methods: Genomic DNA was
isolated from 294 surgically resected NSCLC tissues. The
genotypes were determined by PCR and PCR-RFLP. The TS
VNTR and SNP were combined, followed by functional
stratification of H/H (3G/3G), H/L (2R/3G, 3G/3C) and L/L
(2R/2R, 2R/3C, 3C/3C). Patients’ prognoses were compared
with TS and/or MTHFR genotype groups. TS was divided into
the H- (H/H, H/L) and L-groups (L/L) according to
functional stratification and MTHFR C677T was divided into
C- (C/C) and T-groups (C/T, T/T). Results: TS VNTR, the
SNP and the TS functional type, along with MTHFR C677T,
showed no significant association with clinicopathological
factors. There were no differences in prognosis between each
genotype or functional group when the TS and MTHFR groups
were considered separately. However, we found a unique
association between prognosis and the TS functional group in

stage I NSCLC, taking both TS and MTHFR groups into
consideration. The patients in the TS L-group survived longer
than those in the H-group when limited to stage I and MTHFR
C-group (p=0.086). This relationship between the TS genotype
group and prognosis was statistically significant in the sub-
group of stage IB and MTHFR C-group (p=0.030). In
contrast, the patients in the TS H-group survived longer than
those in the L-group when limited to stage I and MTHFR T-
group (p=0.052). Conclusion: The TS and MTHFR genotypes
can be prognostic factors in NSCLC, where gene-gene
interactions between the genotypes may occur. Further
validation and investigation of the involvement of genotypes of
folate metabolizing enzymes in the prognosis of NSCLC
patients are required.

Thymidylate synthase (TS) plays an important role in DNA

synthesis through catalyzing the reductive methylation of

dUMP by 5,10-methylenetetrahydrofolate (CH2FH4) to

form dTMP and dihydrofolate (Figure 1). As it is a critical

reaction for cell proliferation, the activity of TS is related to

the biological features of cancer (1, 2). In addition, TS is a

target enzyme of a variety of chemotherapeutic drugs, such

as 5-FU, UFT and capecitabin (3, 4). TS expression in

cancer tissue has been reported to be associated with the

efficacy of chemotherapy and prognosis in many

malignancies, including lung cancer. The high level of TS

expression in lung cancer was shown to be associated with

poor prognosis (5), which suggested the possibility of

individualized therapy based on TS expression.

The TS gene has a unique tandem-repeat sequence in its

5’-untranslated region. The number of repeats was found to

be polymorphic, where triple (3R) and double tandem

repeats (2R) were mainly reported (6). This variable number

of tandem repeats (VNTR) of the TS gene are associated

with TS protein expression (7, 8) leading to the hypothesis

that TS VNTR might be a novel prognostic and predictive

factor for the clinical outcome of patients with
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gastrointestinal cancer (9, 10). In addition to the VNTR, a

novel G/C SNP within the 28-bp repeat component of TS

VNTR was recently identified, which had a critical effect on

TS expression (11, 12). Both the VNTR and the SNP were

shown to be associated with TS expression, suggesting that

the two polymorphisms should be considered in using TS

genotype for prognostic prediction. There have been a

number of studies of the relationship between TS

polymorphism and the outcome of patients with colorectal

cancer treated with 5-FU-based chemotherapy (10, 13-15).

However, there has been only one previous study of the

relevance of TS polymorphism with the clinical characteristics

of lung cancer (16).

Methylenetetrahydrofolate reductase (MTHFR) is a key

enzyme in folate metabolism and is at the crossroad of DNA

synthesis and methylation (Figure 1). The MTHFR has been

suggested to interact with the TS in the metabolic pathway

of folate because the enzymes compete for CH2FH4 (17).

The MTHFR gene has a common polymorphism, C677T,

which has been reported to affect enzymatic activity (18).

Therefore, both TS and MTHFR polymorphism may be

associated with characteristics of cancer on the basis of the

suggested interaction between TS and MTHFR on folate

metabolism, DNA synthesis and methylation.

In the present study, the VNTR and SNP of the TS gene

together with MTHFR C677T polymorphism in NSCLC

were investigated and their clinical significance evaluated.

Materials and Methods

Patients and DNA isolation. A total of 295 tumor samples were

obtained by surgical resection from patients with NSCLC at the

Department of Cardiothoracic and General Surgery, Kanazawa

University Hospital, Japan. The patient population consisted of 197

males and 98 females, ranging in age from 13-83 years, with a mean

age of 64.2. The resected tissues were fixed in formalin and

embedded in paraffin followed by histological diagnosis with H&E

staining. Tumor tissue was dissected manually from sections of the

formalin-fixed paraffin-embedded tissue 10 Ìm thick. After

deparaffinization using xylene and ethanol, genomic DNA was

isolated using a QIAamp DNA mini kit (Qiagen, Hilden,

Germany), according to the manufacturer’s protocol. Approval of

this project was obtained from the Kanazawa University School of

Medicine Ethics Committee.

Genotyping of the VNTR and SNP in the thymidylate synthase
enhancer region. The TS genotypes of the VNTR and the SNP were

determined by PCR and PCR-RFLP using the forward primer

TS25 AGGCGCGCGGAAGGGGTCCT and reverse primer TS18

TCCGAGCCGGCCACAGGCAT as described previously (11),

with a modification of the PCR conditions. PCR with the genomic
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Figure 1. The metabolic map of folate. Abbreviations: THF, tetrahydrofolate; DHF, dihydrofolate; dUMP, deoxyuridylate; dTMP, thymidylate; SAM, S-
adenosylmethionine; SAH, S-adenosylhomocysteine; DHFR, dihydrofolate reductase; SHMT, serine hydroxymethyltransferase; MTR, 5-methyltetrahydrofolate-
homocysteine methyltransferase; MAT, methionine adenosyltransferase; MT, generic methyltransferase; AHCY, S-adenosylhomocysteine hydrolase.



DNA template was performed in reaction mixtures containing 1x

TaKaRa HS Taq buffer (TaKaRa, Japan), 200 ÌM deoxyribo-

nucleoside triphosphates, 500 nM each primer, 0.5 unit of TaKaRa

HS Taq DNA polymerase (TaKaRa) and 100 ng of genomic DNA.

The cycling conditions were 1 cycle of 95ÆC for 3 min, 35 cycles of

98ÆC for 10 sec and 68ÆC for 60 sec, with a final extension at 72ÆC

for 5 min. Aliquots of amplified fragments were separated on 3%

agarose gels and the TS VNTR genotype was determined. Samples

showing the 2R/3R or 3R/3R genotypes were analyzed further for

G/C polymorphism by RFLP. HaeIII digestion of the 3R fragment

produced 66-, 37-, 28- and 10-bp bands for the 3G allele and 94-,

37- and 10-bp bands for the 3C allele after separation on 3%

agarose gels. Accordingly, the TS genotype was classified into

2R/2R, 2R/3G, 2R/3C, 3G/3G, 3G/3C, or 3C/3C by comprehensive

genotyping of the VNTR and SNP in the TS 5’ untranslated region.

Analyses were performed at least twice to confirm the genotype.

Genotyping of the MTHFR C677T polymorphism. The MTHFR

genotype was examined using the PCR-RFLP method. PCR was

performed in the same reaction mixture as used for TS genotyping

except with the use of a forward primer, TGAAGGAGAAGGTGT

CTGCGGGA and reverse primer, AGGACGGTGCGGTGAG

AGTG. The cycling conditions were 1 cycle of 94ÆC for 3 min, 40

cycles of 94ÆC for 40 sec, 60ÆC for 1 min and 72ÆC for 40 sec, with

a final extension at 72ÆC for 5 min. The amplified DNA fragments

were digested with HinfI for at least 2 h at 37ÆC, followed by

electrophoresis on 3% agarose gels. The C allele produces a 198-bp

band and the T allele produces bands of 175 and 23 bp. The

MTHFR C677T genotypes were classified as C/C, C/T, or T/T.

Statistical analysis. The relationships between each genotype and

clinicopathological variables were analyzed by either Chi-square

analysis or ANOVA. The cumulative survival rate was obtained by

the Kaplan-Meier method, and statistical significance was analyzed

by the log-rank test.

Results

TS and MTHFR genotype in NSCLC. The TS genotypes of

VNTR and SNP in the 295 NSCLC patients are summarized

in Table I. There was no gender difference between the

genotypes, which was observed in our previous study in

colorectal cancer (11). We found the rare genotype 3R/5R in

1 specimen, which was excluded from further analysis.

Analysis of the genotype for VNTR and/or SNP also showed

no association between the genotype and clinicopathological

features, including patient’s age, histopathology and stage of

the disease (data not shown). Then, the functional

stratification of the TS genotype was employed for further

analyses. The TS allele of 3G was considered a high

expression (H) allele, while 2R and 3C were considered low

expression (L) alleles according to the results of in vitro
analyses (11, 12). Therefore, we assigned TS genotypes as

H/H (3G/3G), H/L (2R/3G and 3G/3C), and L/L (2R/2R,

2R/3C and 3C/3C) from the functional viewpoint and

investigated their clinicopathological significance (Table II).

However, there were no significant relationships between TS

functional groups and clinicopathological factors: i.e., age,

gender, histological type of the tumor, tumor size, T factor,

N factor, M factor, pathological stage, preoperative serum

CEA value, or Brinkmann index.

The genotypes of MTHFR C677T and clinicopathological

features in the 294 NSCLC patients are summarized in Table

III. The genotype frequency was similar to those observed in

a previous study (19). There were no associations between

the MTHFR C677T genotype and clinicopathological factors.

There was no sequence disequilibrium between the TS and

MTHFR genotypes (data not shown).

Prognostic significance of TS and MTHFR genotypes in stage
I NSCLC. We investigated the associations of the TS and

MTHFR genotypes with prognosis. The TS and the

MTHFR genotypes were each stratified into two groups

because the statistical power was insufficient by analysis

with more than two genotype groups. The TS functional

groups were classified into the H-group (H/H and H/L) and

L-group (L/L). The MTHFR C677T genotypes were also

stratified into two groups: the C-group(C/C) and the T-

group (C/T and T/T).

There were no significant relationships between overall

prognosis and the genotype groups when all patients were

included in the analysis (Figure 2A and 2B). Thus, the

Takehara et al: TS and MTHFR Polymorphisms in Lung Cancer

4457

Table I. TS genotypes of VNTR and SNP.

2R/2R 2R/3R 3R/3R 3R/5R

2R/3G 2R/3C 3G/3G 3G/3C 3C/3C

Gender

Male 14 27 26 32 54 43 1

Female 6 13 9 18 34 18 0

Total 20 40 35 50 88 61 1



prognostic significance of the genotypes was further evaluated

in sub-groups by the stage of disease. In this subgroup

analysis, unique associations were found among patients’

prognoses, TS genotype and MTHFR genotype in stage I

NSCLC. Neither the TS genotype nor the MTHFR genotype

showed a significant correlation with prognosis in stage I when

the genotypes were analyzed separately (Figure 3A and 3B).

However, the patients in the TS L-group survived longer than

those in the H-group when limited to stage I and the MTHFR

C-group (Figure 3C, p=0.086). The relationship between the

TS genotype group and prognosis was statistically significant

in the sub-group of stage IB and the MTHFR C-group

(p=0.030). In contrast, the patients in the TS H-group

survived longer than those in the L-group when limited to

stage I and the MTHFR T-group (Figure 3D, p=0.052).

Discussion

The VNTR of the TS gene has been reported to be

associated with intra-tumoral TS expression. The role of

VNTR in TS expression suggests that the polymorphism

may be a useful prognostic and predictive factor of 5-FU-

based chemotherapy, which has attracted a great deal of

clinical interest. The clinical implications of the TS VNTR

have been investigated mainly in gastrointestinal cancer (10,

13-15), with only one previous report regarding TS genotype

in NSCLC. Shintani et al. reported that the TS VNTR

genotype was correlated with immunohistochemically-

determined TS expression in NSCLC. They also confirmed

that TSmRNA levels were significantly higher in cancer

tissues with the 3R/3R genotype as compared to those with
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Table II. TS functional groups and clinicopathological factors.

H/H H/L L/L p-value

Total 50 130 114

Gender

Male 32 83 81

Female 18 47 33 0.45

Age (yrs) 66.0±8.8 64.1±8.9 63.7±10.5 0.30

Histology

Adeno 27 79 66

Large 2 7 8

Squamous 21 44 40 0.81

pT

0 0 1 0

1 17 53 42

2 22 43 50

3 4 15 13

4 7 18 9 0.58

pN

0 38 88 72

1 3 11 8

2 8 29 26

3 1 2 8 0.29

pM

0 50 124 113

1 0 6 1 0.08

p-Stage

0 0 1 0

I 31 69 59

II 4 14 11

III 15 40 43

IV 0 6 1 0.40

Table III. MTHFR C677T and clinicopathological factors.

C/C C/T T/T p-value

Total 154 115 25

Gender

Male 102 76 18

Female 52 39 7 0.84

Age(yrs) 65.0±9.7 63.9±9.2 62.0±10.1 0.23

Histology

Adeno 90 70 12

Large 8 6 3

Squamous 56 39 10 0.68

pT

0 1 0 0

1 64 39 9

2 62 43 10

3 12 16 4

4 15 17 2 0.56

pN

0 109 73 16

1 9 11 2

2 26 30 7

3 10 1 0 0.07

pM

0 151 111 25

1 3 4 0 0.51

p-Stage

0 1 0 0

I 90 56 13

II 14 11 4

III 46 44 8

IV 3 4 0 0.66
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Figure 2. A: Survival curves of all patients distributed into two groups according to TS functional classification. TS genotypes of 2R/2R, 2R/3C, or 3C/3C
were classified as L-group and those of 2R/3G, 3G/3C, or 3G/3G as H-group. B: Survival curves of all patients distributed into two groups according to
the genotype of MTHFR C677T. MTHFR C677T genotypes of T/T or C/T were classified as T-group and that of C/C as C-group.

Figure 3. Survival analysis of stage I patient. Neither the TS (A) nor the MTHFR genotype (B) correlated with patients’ prognosis of stage I. C: The
patients in the TS L-group survived longer than those in the H-group when limiting to stage I and the MTHFR C-group (p=0.086). D: The patients in
the TS H-group survived longer than those in the L-group when limiting to stage I and the MTHFR T-group (p=0.052).



the 2R genotype (16). They observed no relationship

between the VNTR genotype and prognosis, suggesting that

the single factor, i.e., TS VNTR, may be insufficient as a

prognostic factor. Therefore, we employed a multiple

genotyping approach in the present study to investigate the

newly identified TS SNP and well-characterized MTHFR

C677T, in addition to TS VNTR.

To our knowledge, this is the first report of the

investigation of multiple genetic polymorphisms of the TS

VNTR, TS SNP and the MTHFR C677T in NSCLC.

Although no relationships were found between the genotypes

and clinicopathological features, we observed the unique

association of TS functional type and MTHFR genotype with

prognosis in stage I NSCLC. In this specific disease stage, the

patients in the TS H-group survived longer than those in the

L-group when limited to the MTHFR T-group, while on the

contrary, the patients in the TS L-group survived longer than

those in the H-group when limited to the MTHFR C-group.

These results suggested that the MTHFR genotype might

interfere with the effect of TS functional type on the tumor

biology of NSCLC. As TS and MTHFR compete for

CH2FH4 in folate metabolism, this gene-gene interaction can

be attributed to folate status in NSCLC tissue. We reported

that the MTHFR C677T genotype is associated with folate

intermediates, CH2FH4 or tetrahydrofolate, in colorectal

cancer tissue in both the Japanese (20) and Australian

population (21). Therefore, the prognostic role of the TS

functional type may be dependent on the FI level in NSCLC,

assuming that the association between the MTHFR genotype

and folate intermediates is consistent among different organs.

Further studies, especially regarding folate status in NSCLC

tissue, are required to validate the prognostic role of TS and

to elucidate the implications of folate metabolism in the

genotype-phenotype associations.

In the present study, we examined NSCLC of all stages to

explore the clinical roles of the TS and MTHFR genotypes.

However, the prognostic roles of these genotypes were

observed only in stage I NSCLC and some association was

more evident in stage Ib. NSCLC is a malignancy with poor

prognosis, with a 5-year survival rate of 38 to 70% in stage Ib

(22, 23). The relatively poor prognosis in stage Ib patients has

led to a demand for prognostic prediction and selection of

patients who require adjuvant therapy. The prognostic roles

of TS and MTHFR in stage Ib meet this demand and warrant

further investigation in this specific patient sub-group. In

addition to the stage sub-group, studies of histologically

homogeneous sub-groups may be required. Adenocarcinoma

and squamous carcinoma of NSCLC are quite different

tumor types (1). The role of folate metabolism in cancer

biology has been demonstrated mainly in colorectal cancers,

most of which are adenocarcinomas. Therefore, future

studies of both stage Ib and adenocarcinoma should be

performed. We observed no associations of the TS or

MTHFR genotypes with clinicopathological features and

prognosis in the patients with stage Ib and adenocarcinoma in

the present study (data not shown), probably due to the small

number of patients in this sub-group.

In conclusion, we investigated the relationships between

the TS VNTR, TS SNP and MTHFR C677T in NSCLC, and

found an association between the genotypes and prognosis

of stage I patients. The TS and MTHFR genotypes are

prognostic factors in NSCLC, where gene-gene interactions

between the genotypes may be present. These results

warrant further validation and investigation of the

genotypes of folate-metabolizing enzymes with regard to

prognosis in NSCLC patients.
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