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Joint effects between urinary selenium and polymorphisms in methylation 
related genes on breast cancer risk
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The aim of this study was to explore the associations of urinary selenium and polymorphisms in methylation related genes 
with breast cancer risk and the interactions on the risk. 

The present study involved in 240 female patients with incident breast cancer and 246 age-matched controls in two affili-
ated hospitals of Sun Yat-sen University in Guangzhou, China, from October 2009 to July 2010. DNMT1 rs2228611, MTHFR 
rs1801133, and MTR rs1805087 were genotyped using a matrix-assisted laser desorption/ionization time-of-flight mass spec-
trometry platform. Urinary concentration of selenium was measured by inductively coupled plasma mass spectrometry. 

Women with urinary selenium in the second tertile had a significant reduced breast cancer risk compared to those with 
urinary selenium in the lowest tertile [OR (95%CI): 0.50 (0.30, 0.81)]. DNMT1 rs2228611, MTHFR rs1801133, and MTR 
rs1805087 were not associated with breast cancer risk. Women with the third tertile of urinary selenium had a significant 
reduced breast cancer risk compared to those with the lowest tertile among women only with CC genotype [OR (95%CI): 0.55 
(0.30, 1.00)] but not CT/TT genotypes [OR (95%CI): 1.58 (0.73, 3.42)] of MTHFR rs1801133 (P for interaction=0.044). 

Our results suggested that selenium was associated with a decreased risk of breast cancer and this beneficial effect was 
limited to women with CC genotype of MTHFR rs1801133.

Key words: urinary selenium, single nucleotide polymorphism, DNA methyltransferase 1, methylene tetrahydrofolate reductase, 
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Selenium is an essential micronutrient required for human 
health and plays a unique role in several metabolic pathways 
of human biology, such as thyroid hormone metabolism, 
antioxidant defense systems, and immune function [1]. It 
also down-regulates the expression of estrogen receptor alpha 
(ERα) that enhance proliferation of breast cancer cells [2, 
3]. It has been found that selenium suppresses breast tumor 
growth in a  mice model [4]. Some epidemiological studies 
have reported that high levels of selenium in whole blood, 
serum, plasma, and diet are associated with a decreased breast 
cancer risk [5-12]. 

One of the suggested mechanisms of selenium as an 
anticarcinogen is the function in the regulation of DNA 
methylation [13-15]. Selenium supplementation has been 
reported to reduce the global DNA methylation [16, 17] 

and associate with a decrease of DNA methyltransferase 1 
(DNMT1) expression [18-20]. DNMT1 catalyzes the proc-
ess of DNA methylation, which uses S-adenosylmethionine 
as a  methyl donor. S-adenosylmethionine is synthesized 
from methionine by methionine adenosyltransferase [21]. 
Methionine can be regenerated from homocysteine by 
methionine synthase (MTR) [22]. During the process of 
methionine synthesis, homocysteine obtains a methyl group 
from 5-methyltetrahydrofolate which is catalyzed by MTR 
[22]. 5-methyltetrahydrofolate is the product converted from 
5, 10-methylenetetrahydrofolate by methylenetetrahydro-
folate reductase (MTHFR), a crucial enzyme for one-carbon 
metabolism [23]. Futhermore, the level of homocysteine was 
found to be associated with selenium level [24, 25]. There-
fore, the association of selenium with breast cancer risk may 
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be modified by methylation related genes, such as DNMT1, 
MTHFR, and MTR.

In the present study, we attempted to explore the in-
teractions of urinary selenium and the polymorphisms in 
methylation related genes (DNMT1 rs2228611, MTHFR 

rs1801133 and MTR rs1805087) on the risk of breast cancer 
in a Chinese breast cancer case-control study.

Patients and methods

Study population. Female patients, histologically diag-
nosed with breast cancer from October 2009 to July 2010 in 
the First and the Second Affiliated Hospital of Sun Yat-sen 
University, Guangzhou, China, were consecutively recruited 
in this study. Women with metastasized breast cancer or 
previous history of any cancers were excluded. A total of 270 
eligible breast cancer patients completed in-person interviews 
with response rates of 75% to 85% depending on the hospitals 
during the study period. Cancer-free and age (within 5 years) 
frequency-matched female controls were recruited from the 
populations who attended health screening assessments at 
the same hospitals as the breast cancer cases in the same pe-
riod. Of the 330 eligible controls, 81.8% completed in-person 
interviews. All the subjects must have resided in Guangzhou 
area for at least 5 years.

Data collection. The cases and the controls were inter-
viewed face to face by trained interviewers using the same 
questionnaire. The following information was obtained: 
menstrual and reproductive history, life style, family history 
of cancer, height, weight, and demographic factors. Blood 
and midstream urine samples were collected from 240 cases 
(88.9% of those eligible) immediately after admission to the 
hospitals and from 246 controls (91.1% of those eligible) after 
the interview. The clinical characteristics of the breast cancer 
patients were collected from medical records and pathological 
reports. The statuses of estrogen receptor (ER), progesterone 
receptor (PR), and human epidermal growth factor receptor 
2 (HER2) from the breast cancer tissues were determined by 
pathologists using immunohistochemistry tests. Immunos-
taining was performed using anti-ER antibody SP1, anti-PR 
antibody 1E2 (Roche, Mannheim, Germany) and rabbit anti-
human cerbB-2 oncoprotein (Dako Corp, Carpinteria, USA) 
as primary antibody. The definition of statuses of ER, PR, 
and HER2 were previously described in detail [26]. Informed 
consent was obtained for the interview and collection of the 
blood and urine specimens.

Laboratory protocol. All the blood and urine samples were 
placed in high-density polyethylene containers and stored at 
−80 °C until they were analyzed. Genomic DNA was extracted 
from the buffy coats of the participants using the TIANamp 
Genomic DNA Kit (TianGen Biotech Co., Ltd., Beijing, China) 
and genotyped using a  matrix-assisted laser desorption/
ionization time-of-flight (MALDI-TOF) mass spectrometry 
platform (Sequenom, San Diego, California, USA), according 
to the manufacturer’s instructions. The details of the primers 
are described in Supplementary Table 1. Duplicate samples 
(5% of the total) were included for the evaluation of genotyp-
ing quality and the concordance rate was 100%. Genotyping 
was successfully performed among 233 (97.1%) cases and 
236 (95.9%) controls for DNMT1 rs2228611, 233 (97.1%) 

Table 1. Characteristics of breast cancer cases and controls

Variable Case
n(%)

Control
n(%) P-value b

Age
≤40 50 (20.8) 50 (20.3)
~60 146 (60.8) 141 (57.3)
60~ 44 (18.3) 55 (22.4) 0.539
Mean±SD 50.1±11.7 51.6±12.0 0.150 c

Education
Junior middle school or below 102 (42.5) 66 (26.8)
Senior middle school 74 (30.8) 118 (48.0)
College or above 58 (24.2) 62 (25.2) <0.01
Unknown 6 (2.5) 0 (0.0)

Marital status
Never married 14 (5.8) 11 (4.5)
Married/living as married 208 (86.7) 214 (87.0)
Separated/widow 11 (4.6) 21 (8.5) 0.200
Unknown 7 (2.9) 0 (0.0)

Body mass index (kg/m2)
<22 102 (42.5) 90 (36.9)
22~ 72 (30.0) 93 (38.1)
25~ 64 (26.7) 61 (25.0) 0.175
Unknown 2 (0.0) 0 (0.0)

Age at menarche (years)
≤12 41 (17.1) 53 (21.5)
12.1~13.9 89 (37.1) 110 (44.7)
≥14 100 (41.7) 80 (32.5) 0.060
Unknown 10 (4.2) 3 (1.2)

Menopausal status
Premenopausal 135 (56.3) 105 (42.7)
Postmenopausal 103 (42.9) 141 (57.3) <0.01
Unknown 2 (0.8) 0 (0.0)

Age at menopause (years) a

≤45.0 23 (22.3) 24 (17.0)
~50.0 36 (35.0) 61 (43.3)
>50 35 (34.0) 47 (33.3) 0.390
Unknown 9 (8.7) 9 (6.4)

Parity
0 30 (12.5) 19 (7.7)
1 99 (41.3) 152 (61.8)
≥2 111 (46.2) 75 (30.5) <0.01

Family history of breast cancer
Absent 233 (97.1) 239 (97.2)
Present 5 (2.1) 7 (2.8) 0.598
Unknown 2 (0.8) 0 (0.0)

a Postmenopausal women only.
b P for Chi-square test between case and control groups.
c P for student’s t-test between case and control groups.
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cases and 237 (96.3%) controls for MTHFR rs1801133, 232 
(96.7%) cases and 236 (95.9%) controls for MTR rs1805087. 
The observed genotype frequencies for DNMT1 rs2228611 
and MTR rs1805087 were in agreement with Hardy-Weinberg 
equilibrium in the controls (P=0.566 and 0.451, respectively). 
Although the P-value of MTHFR rs1801133 from Hardy-
Weinberg equilibrium was 0.044, the minor allele frequency 
in the controls (27%) was close to those in other Chinese 
populations (26.2% or 28%) [27, 28]. 

Urine samples were processed at the Laboratory of 
Guangdong Testing Center of Occupational Hygiene, which 
is one of the members executing a national project to es-
tablish national standards of trace elements in biological 
specimens in China. Selenium in urine was quantified using 
inductively coupled plasma mass spectrometry (ICP-MS) 
(Agilent7500ce ICP-MS, Agilent Technologies, McMillan, 
TX) with the isotope of 82Se. Batches of assays contained 
samples from both cases and controls in a random fashion 
and the operator was unaware of the participant group. Im-
mediately before analysis, urine samples were diluted 1:9 
with a dilute nitric acid solution (0.5%) in trace metal clean 
polypropylene autosampler tubes. Metal quantification was 
done using external standards (Spex Industries, Metuchen 
NJ) with internal normalization. An internal standard was 
online added to every sample. Values were acquired in peak 
jumping mode with a minimum of three replicate analyses 
done on each sample after a 30-s uptake and a 25-s stabiliza-
tion period. A 15-s rinse [0.5% (v/v) nitric acid+0.01% (v/v) 
Triton] between samples virtually eliminated carryover and 
improved quantification limits. Analytic batches consisted of 
50 urine samples along with 5 quality-control samples. Qual-
ity control samples included both bench and blind samples. 
Sample concentrations were blank-baseline corrected using 
the mean of three batch specific matrix blanks. The limits of 
detection were 0.5ug/L for selenium, and one sample (0.2%) 
was below the limit for the metal. Urine standard reference 
from Bio-Rad (Bio-Rad, Hercules, CA) was used for exter-
nal calibration. The coefficients of variation (CV) between 
duplicates for urinary selenium were below 10%, averaging 
6.4%. In addition, a second aliquot of each urine sample was 
shipped to the clinical examination center in Guangdong 
Prevention and Treatment Center for Occupational Diseases, 
for the measurement of creatinine concentration by an en-
zymatic method. Urinary concentrations (ug/L) of selenium 
were divided by individual creatinine concentration (g/L) to 
correct for variability in urine dilution and kidney function 
according to a previously detailed methodology [29].

Statistical analysis. The differences in demographic 
characteristics and common risk factors for breast cancer 
between the cases and controls were tested using the Chi-
square test (for categorical variables) or Student’s t-test (for 
continuous variables). The urinary selenium showed a non-
normal distribution and Mann-Whitney U  test was used 
as a  continuous variable. It was then divided into tertiles 
based on the level among controls and Chi-square test was 

used. Hardy-Weinberg equilibrium for the three SNPs was 
evaluated by a goodness-of-fit Chi-square test to compare 
the observed genotype frequency with the expected one 
among the controls. Multivariate logistic regression models 
were used to assess the associations of urinary levels of sele-
nium and the SNPs with breast cancer risk, controlling for 
age and for suspected or established risk factors (age, body 
mass index, age at menarche, marital status, education, par-
ity, menopausal status, and family history of breast cancer), 
which were defined categorically except age. Models were fit 
using levels of selenium as categorical (tertiles) and continu-
ous variables, and frequencies of genotypes as categorical 
variables. For evaluating the dose-response association 
between selenium levels or genotypes of SNPs and breast 
cancer risk, tests for trend were performed by entering the 
categorical variable as continuous variable in the model. 
The odds ratios (ORs), 95% confidence intervals (CIs), and 
P-values were calculated. Stratified analyses for the associa-
tions between urinary selenium and the risk of breast cancer 
were performed by genotypes of the three SNPs. The mutant 
homozygotes and heterozygotes were combined assuming 
a  dominant model. Multiplicative models were applied to 
evaluate the interactions between urinary selenium and 
genotypes on breast cancer risk. We tested for multiplicative 
interactions by including the product terms in multivariate 
logistic regressions. All statistical tests were 2-tailed with 
P<0.05 considered to be significant. Statistical analyses were 
performed using SPSS 13.0 (Chicago, IL).

Results

A total of 240 breast cancer cases and 246 control subjects 
were included in the analyses. Demographic characteristics 
and breast cancer related factors for the study population were 
reported elsewhere [30]. Breast cancer patients, as compared 
with similarly aged controls, were more likely to be premeno-
pausal, nulliparous, and low educated. They were comparable 
in marital status, body mass index, age at menarche, age at 
menopause, and family history of breast cancer (Table 1). 

Creatinine-adjusted levels (median, ug/g) of selenium were 
not normally distributed and stated as median (25th, 75th) 
µg/g creatinine, which were 34.08 (26.80, 46.38) in cases and 
37.13 (29.25, 46.98) in controls. In multivariate logistic mod-
els, urinary selenium was not significantly associated with 
breast cancer risk as a continuous variable [OR (95% CI): 0.97 
(0.89, 1.04), per 10 ug/g increase]; whereas women with the 
second tertile of selenium concentration, but not the highest 
tertile, had a significantly decreased risk of breast cancer as 
compared with those in the lowest tertile [OR (95% CI): 0.50 
(0.30, 0.81)] (Table 2). This protective association occurred 
only among premenopausal women [OR (95%CI): 0.43 (0.21, 
0.89)] but not postmenopausal women [OR (95%CI): 0.56 
(0.25, 1.22)], although the interaction was not significant (P 
for interaction = 0.808). The distribution of the genotypes of 
DNMT1 rs2228611, MTHFR rs1801133, and MTR rs1805087 
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were not significantly different between cases and controls 
either as a whole (Table 2) or stratified by menopausal status 
(all P-values > 0.05). 

 Then we evaluated the joint effects of selenium and the 
genotypes (assuming dominant models) on breast cancer 
risk. The associations between selenium and breast cancer 
risk were similar to the combined across the strata of the 
genotypes of DNMT1 rs2228611 and MTR rs1805087 (Table 
3). For the comparison of the second tertile to the lowest 
tertile of selenium, the risk of breast cancer was decreased 
among women with both CC [OR (95%CI): 0.44 (0.22, 0.86)] 
and CT/TT [OR (95%CI): 0.58 (0.26, 1.30)] genotypes of 
MTHFR rs1801133 (P for interaction=0.684). For the com-
parison of the highest tertile to the lowest tertile of selenium, 
the risk of breast cancer was significantly decreased among 
the women with the CC genotype of MTHFR rs1801133 [OR 
(95%CI): 0.55 (0.30, 1.00)] but increased among the women 
with the CT/TT genotypes [OR (95%CI): 1.58 (0.73, 3.42)], 
and the interaction was significant (P for interaction=0.044) 
(Table 3). 

Discussion

In the present study, we found that the middle level of uri-
nary selenium was significantly associated with a decreased 
breast cancer risk, particularly among premenopausal women. 
A significant interaction between urinary selenium and the 
genotypes of MTHFR rs1801133 on the risk of breast cancer 
was observed.

The main source of selenium intake is via the diet, which is 
typically provided by cereals, meat, fish, dairy products, and 
so on [31]. For the differences of dietary habits and environ-
mental exposure in regions, selenium intake varies greatly 
in different areas. In the present study, the urinary selenium 
concentration adjusted for urinary creatinine in the controls 
(median, 37.13  ug/g) is much higher than those in New 
Zealand (mean, approximate 21.65 ug/g) [32] and Norway 
(median, 26.1 ug/g) [33]. It was reported that the beneficial 
range of selenium level may be narrow and the health effects 
exhibit a U-shape relation with cancer risk [34], supporting 
our results that only the second tertile but not the highest 

Table 2. Multivariate odds ratio of breast cancer risk associated with urinary selenium and three methylation related SNPs

Variables Case
n (%)

Control
n (%) P-value b OR (95%CI) d OR (95%CI) e

Urinary selenium a 
Median ( ug/g) 34.08 37.13 0.081 c

T1 107 (44.6) 82 (33.3) 1.00 (reference) 1.00 (reference)
T2  53 (22.1) 82 (33.3) 0.51 (0.32,0.80) 0.50 (0.30,0.81)
T3  80 (33.3) 82 (33.3) 0.009 0.77 (0.50,1.17) 0.79 (0.50,1.25)
Continuous (per 10 ug/g increase) 0.96 (0.89,1.03) 0.97 (0.89,1.04)
P for trend 0.189 0.264

DNMT1(rs2228611)
GG 107 (44.6) 120 (48.8) 1.00 (reference) 1.00 (reference)
GA 109 (45.4)  94 (38.2) 1.31 (0.89,1.91) 1.19 (0.78,1.80)
AA  17 ( 7.1 )  22 ( 8.9 ) 0.29 0.86 (0.43,1.71) 0.84 (0.39,1.80)
Unknown  7 ( 2.9 )  10 ( 4.1 )
P for trend 0.623 0.872

MTHFR(rs1801133)
CC 143 (59.6) 131 (53.3) 1.00 (reference) 1.00 (reference)
CT  70 (29.2)  82 (33.3) 0.78 (0.52,1.16) 0.87 (0.58,1.35)
TT  20 ( 8.3 )  24 ( 9.8 ) 0.406 0.74 (0.39,1.40) 0.66 (0.33,1.32)
Unknown  7 ( 2.9 )  9 ( 3.7 )
P for trend 0.180 0.188

MTR(rs1805087)
AA 183 (76.3) 188 (76.4) 1.00 (reference) 1.00 (reference)
AG  44 (18.3)  44 (17.9) 1.04 (0.65,1.66) 1.13 (0.68,1.85)
GG  5 ( 2.1 )  4 ( 1.6 ) 0.930 1.41 (0.37,5.41) 1.72 (0.39,7.54)
Unknown  8 ( 3.3 )  10 ( 4.1 )
P for trend 0.678 0.449

a Tertile of selenium concentration(in ug/g):T1,<32.69;T2,32.69~42.61;T3,>42.61.
b P for Chi-square test between case and control groups.
c P for Mann-Whitney U test of urinary selenium concentration between case and control groups.
d Adjusted for age of breast cancer.
e Adjusted for age, body mass index, age at menarche, marital status, menopausal status,education, parity and family history of breast cancer.
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tertile of urinary selenium were significantly associated with 
breast cancer risk compared with the lowest tertile. Unfor-
tunately, we can only assume that the highest tertile may be 
beyond the beneficial range of urinary selenium in the present 
study because there has not been a standard normal range of 
urinary selenium yet.

 Although studies on the association between urinary 
selenium and breast cancer are absent, there are reports that 
showed the relation between breast cancer and selenium 
in other specimens [7, 8, 10, 11, 35-40], and the results of 
which are consistent with ours to some extent. For example, 
an increased selenium concentration in serum or plasma was 
found to be related to a significantly reduced risk of breast 
cancer among Malaysian and Sweden populations [8, 37] and 
a non-significant lower risk of breast cancer among Indian 
population [10]. Van den Brandt et al. found that toenail 
selenium in the third quintile was significantly associated 
with a decreased breast cancer risk compared to that in the 
lowest quintile [RR (95%CI): 0.62 (0.40, 0.96)] in a Nether-

lands cohort study [40]. In addition, the present study found 
that the inverse association between urinary selenium and 
breast cancer risk occurred particularly among premenopau-
sal women, which was partially supported by the facts that 
selenium can depress the expression of ERα mRNA, reduce 
estrogen receptor-ligand binding, and disrupt estrogen recep-
tor signaling [2, 3], because ERα is able to promote breast 
tumor growth [41-43] and premenopausal women due to 
more estrogens to bind with the receptors before a decline 
in menopause [44] . 

The present results did not show a significant association 
between breast cancer risk and any of the three loci, DNMT1 
rs2228611, MTHFR rs1801133, and MTR rs1805087, which 
are consistent with that from some [45-48] but not all of the 
similar studies [49-53]. The reasons for these inconsisten-
cies may be the different populations and various sample 
sizes, particularly the small sample size for the present study. 
However, different environmental factors may also contrib-
ute to the inconsistency. For example, in the present study, 

Table 3. Joint effect between urinary selenium and three methylation-related SNPs on breast cancer risk

Genotypes Urinary selenium Cases
n (%)

Controls
n (%)

OR (95%CI) c OR (95%CI) d

DNMT1(rs2228611)
GG T1 47 (43.9) 37 (30.8) 1.00 (reference) 1.00 (reference)

T2 26 (24.3) 44 (36.7) 0.47 (0.25,0.90) 0.50 (0.25,1.01)
T3 34 (31.8) 39 (32.5) 0.70 (0.37,1.31) 0.65 (0.33,1.29)

GA/AA T1 59 (46.8) 43 (37.1) 1.00 (reference) 1.00 (reference)
T2 25 (19.8) 35 (30.2) 0.55 (0.28,1.05) 0.39 (0.18,0.84)
T3 42 (33.3) 38 (32.8) 0.84 (0.47,1.53) 0.94 (0.49,1.81)

P for interaction a  0.802  0.707
P for interaction b  0.702 0.548
MTHFR(rs1801133)

CC T1 69 (48.3) 41 (31.3) 1.00 (reference) 1.00 (reference)
T2 31 (21.7) 39 (29.8) 0.49 (0.26,0.90) 0.44 (0.22,0.86)
T3 43 (30.1) 51 (38.9) 0.51 (0.29,0.90) 0.55 (0.30,1.00)

CT/TT T1 37 (41.1) 39 (36.8) 1.00 (reference) 1.00 (reference)
T2 20 (22.2) 40 (37.7) 0.54 (0.27,1.09) 0.58 (0.26,1.30)
T3 33 (36.7) 27 (25.5) 1.35 (0.68,2.68) 1.58 (0.73,3.42)

P for interaction a  0.837 0.684
P for interaction b  0.035 0.044
MTR(rs1805087)

AA T1 83 (45.4) 63 (33.5) 1.00 (reference) 1.00 (reference)
T2 42 (23.0) 67 (35.6) 0.49 (0.29,0.81) 0.47 (0.27,0.82)
T3 58 (31.7) 59 (30.9) 0.77 (0.47,1.27) 0.78 (0.46,1.32)

AG/GG T1 22 (44.9) 17 (35.4) 1.00 (reference) 1.00 (reference)
T2  9 (18.4) 12 (25.0) 0.62 (0.21,1.84)  0.49 (0.12,2.04)
T3 18 (36.7) 19 (39.6) 0.78 (0.31,1.96) 0.98 (0.32,2.99)

P for interaction a 0.727 0.585
P for interaction b  0.984 0.945

a Between genotypes of DNA methylation related genes and urinary selenium (T2 vs T1).
b Between genotypes of DNA methylation related genes and urinary selenium (T3 vs T1).
c Adjusted for age of breast cancer.
d Adjusted for age, body mass index, age at menarche, marital status, education, parity, menopausal status, and family history of breast cancer.
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when stratified by tertiles of urinary selenium, women with 
CT/TT genotypes of MTHFR rs1801133 had different ORs 
(95% CIs) of 0.56 (0.29, 1.11), 0.60 (0.26, 1.40), 1.89 (0.89, 
4.02) among women with the first, second, and third tertiles 
of urinary selenium, respectively, compared with those with 
the CC genotype. 

We found further that the interaction between urinary 
selenium and MTHFR rs1801133 on breast cancer risk was 
significant; selenium exerted its protective effect only in CC 
genotypes of MTHFR rs1801133 but tends to increase the risk 
of breast cancer among individuals in the highest tertile with 
CT/TT genotypes (Table 3). It has been reported that selenium 
can inhibit DNMTs [19, 20] and develop an anticancer effect 
by causing promoter demethylation in some specific tumor 
suppressor genes, such as in von Hippel-Lindau (VHL) [54] 
and cellular stress response 1 (CSR1) [19]. In addition, inhibi-
tion of DNMTs by selenium has been found to be concomitant 
with genomic DNA hypomethylation [19, 55], which promotes 
tumor formation [56]. Meanwhile, the mutant CT/TT geno-
types of MTHFR rs1801133 have a conspicuous reduction of 
its activity [57, 58] and possess a  lower degree of genomic 
DNA methylation [59]. Furthermore, the mutant allele (T) of 
MTHFR rs1801133 was found to significantly elevate plasma 
homocysteine level [57, 58], which promotes breast cancer 
progression [60-62]. Therefore, a high level of selenium may 
cooperate with the mutant allele (T) of MTHFR rs1801133 
and synergically increase breast cancer risk. However, the 
exact mechanisms of the interaction between selenium and 
MTHFR rs1801133 remain to be deciphered.

There are several potential limitations in the presented 
study. Firstly, this case-control study was hospital-based 
and the patients and controls might not be representative 
samples of the total patients and the whole population in 
Guangzhou area, respectively. However, the patients and 
controls were comparable to some extent because they were 
from the same hospitals in the same period and more likely 
to resemble each other with the selective factors that led 
to the use of the facilities and the effects of selection bias 
were minimized [63]. Secondly, we evaluated selenium 
level only in urine but not in other specimens and it might 
provide only limited information for selenium level in vivo. 
However, urine is the major route of selenium excretion 
and urinary selenium was found to be closely associated 
with selenium intake [31]. Moreover, because adult females 
usually keep stable eating habits and have slight changes 
of selenium intake [64, 65], so the urine concentration of 
selenium is a useful indicator for stable selenium level [32, 
66, 67]. Thirdly, we did not consider external exposures, 
such as dietary and occupational factors, which are related 
to urinary levels of selenium. However, urine concentration 
is an integral internal measurement and can reflect multiple 
external exposures [68]. Finally, this is a retrospective study 
and we cannot determine whether the altered distribution 
of urinary selenium is a cause or a consequence of breast 
cancer. However, no obvious evidence suggests that breast 

cancer status would change the absorption, metabolism, and 
excretion of selenium. Moreover, the patients’ urine samples 
were obtained immediately after their admission to hospitals 
before treatment began, so the urinary selenium levels may 
not be influenced by treatment or changed life styles due to 
disease status. Nevertheless, prospective studies with larger 
sample sizes are required to confirm our findings.

Conclusion

In summary, the presented work showed that urinary se-
lenium in the second tertile was significantly associated with 
a reduced breast cancer risk, especially among premenopausal 
women. The association between urinary selenium and breast 
cancer risk was limited to women with CC genotype of MTHFR 
rs1801133. Our findings noted a possible link that selenium’s 
beneficial effect may be more apparent in a subgroup of the 
females defined by genetic susceptibility for breast cancer. 

Supplementary information is available in the online version 
of the paper.
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Table 1. The primer sequences for three SNP in methylation related genes

SNPs Primer sequences 
DNMT1 rs2228611 F; 5’ – ACGTTGGATGGTGTGCCCCAAACATAATCC – 3’  
 R: 5’ – ACGTTGGATGCTGGTTCAGCAAAACCAATC – 3’  
 SBE*: 5’ – TATTCCTTACCTTCAAGAGA – 3’ 
MTHFR rs1801133 F; 5’ – ACGTTGGATGGAAGCACTTGAAGGAGAAGG – 3’ 
 R: 5’ – ACGTTGGATGAGCCTCAAAGAAAAGCTGCG – 3’  
 SBE*: 5’ – AGGTGTCTGCGGGAG – 3’  
MTR rs1805087 F; 5’ – ACGTTGGATGTCTACCACTTACCTTGAGAG – 3’  
 R: 5’ – ACGTTGGATGCTTTGAGGAAATCATGGAAG – 3’  
 SBE*: 5’ – ACCTTGAGAGACTCATAATGG – 3’  

*Primers sequences for single base extension.


