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ABSTRACT. Breast cancer (BC) is the leading cause of cancer-related 
deaths among women in Mexico. Two single-nucleotide polymorphisms 
(SNPs) in the thymidylate synthase (TS) gene, the 28-base pair (bp) 
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tandem repeat in the TS 5'-untranslated enhanced region (TSER) and 
the 6-bp insertion/deletion in the TS 3'-untranslated region (TS 3'-UTR), 
increase the rate of misincorporation of uridylate into DNA and may 
lead to chromosomal damage. We examined the association between 
these polymorphisms and BC risk in Mexican women according to 
menopause status. Mexican patients with initial BC diagnosis (N = 230) 
and 145 individuals from a reference general population group (RGP) 
were included. For statistical analysis, the BC group was divided into 
pre- and post-menopause groups (PRE and POST groups, respectively). 
We analyzed both TS polymorphisms (TSER and TS 3'-UTR) using 
polymerase chain reaction. Finetti analysis was used to evaluate inter- 
and intra-group differences. The results showed a high frequency for 
the 3R and ins6 alleles in the BC, RGP, PRE, and POST groups. No 
significant differences were observed for the TS and TSER genotype 
and allele frequency distributions between groups. We found that the 
TSER and TS 3'-UTR SNPs are not associated with BC risk in Mexican 
patients.
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INTRODUCTION

Breast cancer (BC) is the leading cause of cancer mortality in Mexican women 
(Chávarri-Guerra et al., 2012). BC is a complex disease influenced by environmental and 
genetic factors, but most of these factors are unknown. Contributing factors include age, 
ethnicity, reproductive factors, hormones, familial history, lifestyle, and breast density (Hen-
ríquez-Hernández et al., 2009). Genetic alterations induced by endogenous or exogenous 
metabolites may also contribute to its etiology (Hashemi et al., 2012). Epidemiological stud-
ies have suggested that a folate-deficient diet may increase the risk of BC, but the results 
are inconsistent (Lajin et al., 2012). Folate is a water-soluble vitamin naturally found in 
green leafy vegetables, cereals, legumes, and fruits (Ronco et al., 2010). It is necessary for 
de novo synthesis of thymine, which is important in DNA synthesis, repair, integrity, and 
stability. Folate depletion alone can diminish the methyl pool. Furthermore, folate is the 
primary methyl group donor, and thus is very important in DNA methylation (Kim, 2000). 
Several key enzymes are involved in folate metabolism. Thymidylate synthase (TS) catalyzes 
the conversion of deoxiuridine monophosphate to deoxithymidine monophosphate and the 
conversion of 5,10-methylenetertahydrofolate to dihydrofolate (Ulrich et al., 2000). TS uti-
lizes 5,10-methylenetetrahydrofolate as a methyl group donor to convert uracil to thymidine 
for DNA synthesis. Alterations in the one-carbon metabolism pathway can influence DNA 
methylation, synthesis, and repair, all of which play a critical role in carcinogenesis and thus 
may be involved in cancer development. Polymorphisms in critical enzymes involved in one-
carbon metabolism, such as TS, play important and interrelated roles in folate metabolism, 
and thus may influence BC risk (Davis and Uthus, 2004; Suzuki et al., 2008). The TS gene is 
located in chromosome 18p11.32, and a tandem repeat polymorphism has been identified in 
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the 5'-untranslated region (UTR) enhancer region of the TS promoter (TSER, rs34743033). 
TSER is located immediately upstream of the ATG codon initiation start site, which contains 
triple (TSER 3R) or double (TSER 2R) repeats of 28-bp sequences (Hitre et al., 2005). In 
vitro and in vivo studies have shown that TS expression is TSER-genotype dependent, and 
that the 3R allele is associated with a higher TS expression level (Kawakami et al., 1999). 
Another potentially functional polymorphism involving a 6-bp insertion/deletion (TAAAGT) 
at position 1494 in the TS 3'-UTR (rs16430) has been described. In addition, a deletion al-
lele has been reported to result in low TS mRNA stability and low TS expression compared 
with the wild-type allele (Mandola et al., 2004). It has been reported that deficiencies in the 
thymidylate increase the rate of misincorporation of uridylate into DNA. These alterations 
produce DNA strand breaks and other chromosomal damage (Blount et al., 1997), and thus 
increase the predisposition to cancer. In this study, we examined the association between TS 
polymorphisms and BC development in Mexican women.

MATERIAL AND METHODS

Subjects

Patients were recruited as part of the Ella Binational Breast Cancer Study (Ella Study) 
from 3 public hospitals in Guadalajara, Jalisco, Mexico (Hospital de Especialidades-CMNO-
IMSS, Hospital de Gineco-Obstetricia-IMSS, and Instituto Jalisciense de Cancerologia). The 
Ella Study is a case-control study that includes women of Mexican descent in the United 
States and Mexico, and has been described previously (Martínez et al., 2010). In this study, we 
only included patients from the State of Jalisco, Mexico. A total of 230 Mexican women aged 
≥18 years with an initial diagnosis of BC that had been histologically confirmed were enrolled 
in the study. For analysis, the BC group was divided into two subgroups based on menopausal 
status, including premenopausal (PRE) and postmenopausal (POST) women. In addition, we 
analyzed a group of 145 individuals as a reference to the general population (RGP), or control 
group, which consisted of unrelated adults aged ≥18 years, as representatives of those living 
in Guadalajara, Jalisco, Mexico.

Ethical considerations

The Institutional Review Board from each institution approved the study, and all study 
participants provided written informed consent.

Genotyping 

DNA from each subject was extracted from leukocyte pellets using the Miller and 
ethanol precipitation methods (Miller et al., 1988). Genotyping was performed by polymerase 
chain reaction (PCR) using sequence-specific primers and 10 ng genomic DNA in a total vol-
ume of 10 mL, containing 1X PCR buffer, 1.5 mM MgCl2, 100 M of each dNTP, 1 pmol of 
each primer, and 0.05 U Taq polymerase (Invitrogen; Carlsbad, CA, USA). The pair of primers 
used for the TSER polymorphism was 5'-GTGGCTCCTGCGTTTCCCCC-3' (forward) and 
5'-CTCCGAGCCGGCCACAGG-3' (reverse). PCR thermal conditions for TSER polymor-
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phisms were: initial denaturing at 94°C for 5 min, 33 cycles of 94°C, 63°C, and 72°C each for 
30 s, followed by final extension at 72°C for 10 min (Morganti et al., 2005). The TS 3'-UTR lo-
cus primers were 5'-TGATGTAGAGTGTGGTTATGAAC-3' (forward) and 5'-ATTATAGCA
ACATATAAAACAAC-3' (reverse). PCR thermal conditions for the TS 3'-UTR polymor-
phisms were initial denatured at 94°C for 5 min, 30 cycles of 94°, 57°, and 72°C each for 35 s, 
followed by a final extension at 72°C for 10 min (Zhang et al., 2005). PCR products were im-
mediately electrophoresed on 6% polyacrylamide gels and visualized by silver staining. Allele 
identification was conducted using a 10-bp molecular weight standard (Invitrogen). The same 
assay was repeated for more than 10% of the samples for quality control; the concordance rate 
was 100% for the 2 polymorphisms in this study. Sample size variations between polymor-
phisms occurred due to PCR failure in some individuals.

Statistical analysis

The sample size was sufficient to identify differences in common allele (>5%) fre-
quencies with a level of significance of 0.05 and a power of 0.80 (Chakraborty, 1992). For 
intra-group analysis, patients were stratified by menopausal status into 2 subgroups, PRE and 
POST. Genetic comparisons were made between all categories per variable. Allele frequencies 
were calculated by counting the genotypes. Observed genotype proportions were compared 
with Hardy-Weinberg Equilibrium (HWE) expectations based on the method of Finetti (Can-
nings and Edwards, 1968) and using c2 tests. Inter- and intra-group genotype, phenotype, and 
allele distributions were compared using an interactive computer program also based on c2 
and exact tests (RXC for DOS program). The probability estimation of haplotype frequencies 
was calculated by using an algorithm method with the Arlequin software program V.3.11.

RESULTS

A total of 230 Mexican BC patients were recruited and their DNA was analyzed for 
the TSER and TS 3'-UTR polymorphisms. BC patients were classified according to hormonal 
status as either PRE (53 cases) or POST (143 cases). Because menopausal status was unknown 
for some samples, these were excluded from the analysis.

Genotype frequencies in the RGP group were in HWE, with P = 0.95 and P = 0.59, 
for the TSER and TS 3'-UTR polymorphisms, respectively. Allele and genotype frequencies 
for the TSER and TS 3'-UTR polymorphisms for the populations studied (RGP, BC, PRE, and 
POST groups) are shown in Table 1. We observed that the ins6 and 3R alleles and genotypes 
ins6/del6 and 2R/3R were observed most frequently in all groups for the TS 3'-UTR and TSER 
polymorphisms, respectively.

Because the alleles that confer a risk of breast cancer are 2R and del6 for the TSER 
and TS 3'-UTR polymorphisms, respectively, we analyzed their allelic frequencies. TSER 
allelic frequencies were 0.40 and 0.38 for the RGP and BC groups, respectively. TS 3'-UTR 
allelic frequencies were 0.30 and 0.31 for the RGP and BC groups, respectively.

Genotypes related to breast cancer risk include 2R/2R for the TSER and del6/del6 
for the TS 3'-UTR polymorphisms. Genotype frequencies for the TSER polymorphisms were 
0.158 and 0.130 for RGP and BC, respectively. For TS 3'-UTR polymorphisms, genotype fre-
quencies were 0.970 and 0.108 for RGP and BC, respectively. We observed that the allele and 
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genotype frequencies were very similar among the different study groups and that the BC risk 
associations did not differ (P > 0.05) with respect to menopausal status (PRE/POST, Table 2). 
No significant associations were observed between the 2 polymorphisms and BC risk.

                                                  Group

TSER RGP (N = 145) [N, (%)] BC (N = 230) [N, (%)] PRE (N = 53) [N, (%)] POST (N = 143) [N, (%)]
   2R/2R        23 (15.86)        30 (13.04) 5 (9.43)   19 (13.29)
   2R/3R        69 (47.59)      116 (50.43) 27 (50.94)   69 (48.25)
   3R/3R        53 (36.55)        84 (36.52) 21 (36.62)   55 (38.46)
   2R 115 (40) 176 (38) 37 (34.91) 107 (37.41)
   3R 175 (60) 284 (62) 69 (65.09) 179 (62.59)
TS 3'UTR  RGP (N = 165) [N, (%)] BC (N = 250) [N, (%)] PRE (N = 55) [N, (%)] POST (N = 155) [N, (%)]
   del6/del6      16 (9.70)        27 (10.80)   7 (12.73)   17 (10.97)
   del6/ins6   66 (40)      102 (40.80) 23 (41.82)   67 (42.23)
   ins6/ins6        83 (50.30)      121 (48.40) 25 (45.45)   71 (45.81)
   del6   98 (30) 156 (31) 37 (33.64) 101 (32.58)
   ins6 232 (70) 344 (69) 73 (66.36) 209 (67.42)

RGP = reference general population group; BC = breast cancer group; PRE = premenopausal group; POST = 
postmenopausal group.

Table 1. Genotype and allelic frequencies of TSER and TS polymorphisms in the groups studied.

 Genotype P (c2) Allele P (c2) Phenotype P (c2) OR (CI)

TSER
   RGP vs BC 0.72 (0.65) 0.70 (0.15) 0.99 (0.00) 1.00 (0.65-1.54)
   RGP vs PRE 0.52 (1.32) 0.39 (0.74) 0.25 (1.32) 1.81 (0.65-5.04)
   RGP vs POST 0.82 (0.41) 0.58 (0.31) 0.74 (0.11) 0.92 (0.57-1.49)
   BC vs PRE 0.75 (0.57) 0.52 (0.41) 0.67 (0.18) 0.88 (0.48-1.62)
   BC vs POST 0.92 (0.18) 0.81 (0.05) 0.71 (0.14) 0.92 (0.59-1.42)
   PRE vs POST 0.76 (0.21) 0.64 (0.21) 0.88 (0.02) 1.50 (0.55-2.00)
TS 3'UTR Genotypic Allelic Phenotypic OR (CI)
   RGP vs BC 0.90 (0.21) 0.65 (0.21) 0.70 (0.14) 1.08 (0.73-1.60)
   RGP vs PRE 0.74 (0.59) 0.48 (0.60) 0.53 (0.39) 1.22 (0.66-2.24)
   RGP vs POST 0.72 (0.66) 0.43 (0.62) 0.42 (0.65) 1.19 (0.77-1.86)
   BC vs PRE 0.89 (0.24) 0.62 (0.25) 0.69 (0.16) 1.12 (0.63-2.02)
   BC vs POST   0.87 (80.23) 0.68 (0.17) 0.61 (0.26) 1.11 (0.74-1.66)
   PRE vs POST 0.94 (0.13) 0.84 (0.04) 0.96 (0.00) 0.99 (0.53-1.83)

RGP = reference general population group; BC = breast cancer group; PRE = premenopausal group; POST = 
postmenopausal group. Phenotype is formed for del6/del6 + del6/ins6 to TS 3'-UTR polymorphisms and 2R/2R + 2R/3R 
for TSER polymorphisms. OR was calculated for phenotype.

Table 2. Exact test P values and OR comparisons of groups studied.

Although we did not observe differences in our analysis of a 2R dominant phenotype 
formed by 2R/2R + 2R/3R for TSER, we found an elevated odds ratio (OR) value between 
the RGP and the PRE groups (P = 0.25, c2 = 1.32, OR = 1.81, confidence interval (CI) = 0.65-
5.04). Similarly, for the del6 dominant phenotype del6/del6 + del6/ins6 for the TS 3'-UTR 
polymorphisms, we observed an elevated OR value between RGP and PRE (P = 0.53, c2 = 
0.39, OR = 1.22, CI = 0.66-2.24, Table 2). Only in the comparison of RGP versus PRE, we 
found OR values to be higher, in contrast to the comparison of other groups.

The haplotype ins6/3R showed a relatively high frequency in the 4 groups studied, 
while the haplotype del6/2R was less frequent in the 4 groups. Comparison of the observed 
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frequencies of the 4 study groups showed no significant difference (Table 3). Linkage disequi-
librium for the different groups was low, less than 0.02, indicating that the 2 polymorphisms 
analyzed are very distant from each other.

                                            Group

TS and TSER haplotypes RGP (4N = 580), N (%) BC (4N = 1105), N (%) PRE (4N = 208), N (%) POST (4N = 540), N (%)

del6-2R   55 (9.48)  110 (9.95)    20 (9.62)    51 (9.44)
del6-3R   113 (19.48)    206 (18.64)      50 (24.04)    133 (24.63)
Ins6-2R   175 (30.17)    393 (35.57)      54 (25.96)    153 (28.33)
Ins6-3R   237 (40.86)    396 (35.84)      84 (40.38)    203 (37.59)
D' 0.0114 0.0154 0.0126 0.0172
P (c2) RGP vs BC RGP vs PRE RGP vs POST BC vs PRE
 0.11 (6.07) 0.48 (2.48) 0.22 (4.46) 0.65 (0.37)
   BC vs POST   PRE vs POST
 0.54 (0.40) 0.89 (0.64)

RGP = reference general population group; BC = breast cancer group; PRE = premenopausal group; POST = 
postmenopausal group. Dꞌ = linkage disequilibrium.

Table 3. Haplotype frequencies for TS 3'-UTR and TSER polymorphisms in the different subgroups.

DISCUSSION

BC is a complex multifactorial disease caused by both genetic and environmental 
factors. Enzymes that participate in the one-carbon metabolic route, which take part during 
the methylation, synthesis, and repair of DNA, are altered in cancer. We hypothesized that 
one-carbon metabolism plays an important role in BC pathogenesis. Genetic variations in 
enzymes involved in one-carbon metabolism are good candidates for examining the impact of 
their effects and interactions on BC risk. Epidemiological evidence suggests that the risk of 
BC may be reduced by increasing the consumption of folate and related B vitamins (Zhang et 
al., 2011; Yang et al., 2013). In the present study, we investigated whether the TSER and TS 
3'-UTR polymorphisms in the TS gene, a molecule that plays a key role in DNA synthesis, 
are associated with the risk of BC development. This is the first study in Mexico to evaluate 
genetic variations involved in the one-carbon metabolism pathway in relation to breast cancer 
risk. Because of the high prevalence of these polymorphisms and the increasing incidence 
of BC in Mexico, the results of our study are important for determining the role of TS gene 
polymorphisms in BC risk.

Studies in other populations have found significant associations between the TS gene 
5'-UTR and TSER variations and BC development (Wang et al., 2011; da Silva Nogueira et al., 
2012). The 3R allele of the TSER 3'-UTR polymorphism is known to enhance TS enzymatic 
activity (Kawakami et al., 1999). Therefore, the 2R/3R genotype should show intermediate 
activity. The 3R/3R genotype for the TS gene has been associated with high levels of enzyme 
activity in tumors. Because TS competes with methylenetetrahydrofolate reductase during 
folic acid metabolism for the availability of 5,10-methylenetetrahydrofolate, the 3R variant 
may affect levels of 5,10-methylenetetrahydrofolate, leading to a lower cellular concentration 
of S-adenosylmethionine and a subsequent decrease in DNA methylation (Trinh et al., 2002). 
Thus, DNA hypomethylation may increase the susceptibility to genetic mutations and alter 
the expression of genes such as proto-oncogenes or tumor suppressor genes. This may result 
in epigenetic changes that initiate carcinogenesis, and subsequently cancer. However, in our 
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study, differences in the allele frequency for the RGP and BC groups were not significant (P = 
0.70), with a similar trend observed in both populations. The 3R/3R genotypic frequencies for 
the RGP and BC groups were not significantly different (P = 0.72). Allele, genotype, and phe-
notype frequencies in the PRE and POST groups were also not significantly different (P > 0.5). 
Our results are very similar to those reported for Spanish women (Henríquez-Hernández et 
al., 2009, 2010), suggesting the importance of ethnic factors in determining BC susceptibility.

Recent studies have investigated the association between the TS 3'-UTR del6 poly-
morphism and risk of several types of cancer, including breast cancer; however, the results 
have been inconsistent (Trinh et al., 2002; Henríquez-Hernández et al., 2009, 2010; Wang 
et al., 2011; Zhou et al., 2012). In the present study, we found that the TS 3'-UTR del6 allele 
showed a small increase in both allelic and genotypic frequencies in the PRE group, but this 
increase was not significant (P > 0.05). Our findings do not support the hypothesis that TS 
gene polymorphisms are useful genetic markers for assessing BC risk in the Mexican popu-
lation. Discrepancies between the studies examining this variant may be related to several 
factors (da Silva Nogueira et al., 2012): heterogeneity of BC molecular subtypes, population 
ethnic backgrounds, uncharacterized environmental exposure factors, and/or potential biases 
due to small sample sizes.

Other studies suggest that the TSER polymorphism increases the susceptibility to BC 
in the Caucasian population, and the TS 3'-UTR polymorphism has been proposed as a genetic 
determinant for developing BC in the Asian population (Wang et al., 2011; Zhou et al., 2012). 
Our study is the first to correlate BC and polymorphisms in the 5'-UTR region of the TS gene 
in a Mexican population. Therefore, it is difficult to compare our results with other study popu-
lations with similar characteristics.

We observed that the two polymorphisms analyzed segregate independently; there-
fore, the probability of observing them together is very low. The prevalence of allelic poly-
morphisms 3R and del6 for the TSER and TS 3'UTR polymorphism, respectively, are in-
creased compared with the 2R and ins6 alleles in our population. Finally, the polymorphisms 
analyzed were not associated with the risk of BC in the Mexican population.
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