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Objective: The aim of this study is to assess the relationship between the single-nucleotide 
polymorphism (SNP) in the one-carbon metabolism pathway (MTR rs1805087; MTHFR 
rs1801133; ALDH1L1 rs2002287, rs2276731; DNMT1 rs16999593, rs2228611; DNMT3B 
rs2424908) and the risk of female breast cancer (BC) in a Chinese population.
Methods: A population-based case–control study was conducted, involving a total of 
439 BC patients and 439 age-matched healthy controls. We adopted Sequence MASSarray 
to identify genotyping, and used immunohistochemistry (IHC) to test the expression of 
estrogen receptor (ER), progesterone receptor (PR) and human epidermal growth factor 
receptor-2 (HER-2) in tumor tissue.
Results: We found that rs16999593 (TC/CC vs TT: adjusted OR=1.38, 95% CI: 1.03–1.84, 
p=0.030) was associated with an increased risk of BC, while rs2228611 was related to 
a decreased BC risk (GA/AA vs GG: adjusted OR=0.74, 95% CI: 0.56–0.97, p=0.030). In 
addition, stratified analysis revealed that DNMT1 rs16999593, rs2228611 and ALDH1L1 
rs2002287 contributed to the risk of BC, with associations with ER, PR and HER-2 
expression.
Conclusion: In summary, this study revealed that DNMT1 rs16999593 and rs2228611 were 
associated with BC risk.
Keywords: one-carbon metabolism, DNA methylation, DNMT1, SNP, breast cancer

Background
According to the Global Cancer Statistics 2020 report, breast cancer (BC) is ranked 
as the most common malignant tumor in females in the world, and there were 
19.3 million new cases of BC and 10.0 million deaths worldwide in 2020. 
Moreover, the incidence rate of new cases of BC (11.7%) is the highest among 
female cancers.1 Several risk factors contribute to the occurrence of BC, including 
environmental and genetic background risk factors. Aging, family history, repro-
ductive factors, estrogen levels and lifestyle are regarded as risk factors for BC.2 In 
addition, genetic factors, such as mutations in BRCA1/2, HER2, EGFR and c-Myc, 
are regarded to contribute to the risk of BC, and single-nucleotide polymorphisms 
(SNPs) are observed to be associated with the risk of BC.3–6

One-carbon metabolism is a necessary process for nucleotide synthesis, and 
DNA replication, repair and methylation, and it is up-regulated during the pathol-
ogy and progression of cancer.7 One-carbon metabolism plays a critical role in the 
establishment and regulation of tissue-specific patterns of methylated cytosine 
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residues. Disordered one-carbon metabolism may lead to 
the disruption of DNA replication and repair, and to abnor-
mal DNA methylation patterns, which eventually contri-
bute to the occurrence of cancer.8 Previous research has 
shown that the corresponding genes must be silenced by 
DNA methylation to maintain the survival of cancer cells.9 

Moreover, the one-carbon metabolic pathway has been 
reported to be associated with the risk of cancers,10–12 

including BC.13 A higher intake of vitamin B, which is 
involed in folate-mediated one-carbon metabolic pathways 
predicts a higher risk of endometrial cancer.14 However, 
a high intake of vitamins related to one-carbon metabolism 
may help prevent BC, especially ER+/PR+ BC,15 as well as 
hepatocellular cancer16 and lung cancer.17

The SNPs in the genes of one-carbon metabolism, 
including methionine synthase (MTR), methylenetetrahy-
drofolate reductase (MTHFR), 10-formyltetrahydrofolate 
dehydrogenase (ALDH1L1), DNA methyltransferases 
(DNMTs), thymidylate synthase (TYMS) and reduced 
folate carrier 1 (RFC1), have been suggested to contribute 
to the occurrence of cancers.18,19 MTR rs1805087 is asso-
ciated with the risk of gastric cancer20 and prostate 
cancer,21 and MTHFR rs1801133 was reported to reduce 
the susceptibility to hepatocellular cancer,22 while contri-
buting to the risk of cervical cancer.23 In addition, 
ALDH1L1 rs2276724 was associated with the risk of 
HBV-associated hepatocellular cancer.24 However, the 
SNPs occurring in these genes are rarely reported in BC, 
especially in the Chinese population, in whom the inci-
dence of BC is increasing year by year;25 a study by Sun 
et al found that DNMT1 rs16999593 was associated with 
an increased BC risk in Han Chinese women from South 
China.26 In addition, SNPs occouring in gene may affect 
the expression or activity of enzymes, contributing to the 
susceptibility to cancers. Here, to assess the contribution 
of the SNPs in the genes of one-carbon metabolism (MTR 
rs1805087; MTHFR rs1801133; ALDH1L1 rs2002287, 
rs2276731; DNMT1 rs16999593, rs2228611; DNMT3B 
rs2424908) to BC risk, we conducted this population- 
based case–control study in a Chinese female population.

Materials and Methods
Study Population
We recruited 439 patients with pathologically 
confirmed BC as the case group (mean age 52.89±10.78 
years) from the Nanjing First Hospital, Nanjing Medical 
University, and 439 healthy people who came to hospital 

for a physical examination as the control group (mean age 
52.95±10.89 years).27 Information including age, smoking 
and drinking status was collected by questionnaire. Owing 
to the small number of individuals with smoking and 
drinking habits, the inclusion criteria were no history of 
smoking, no history of drinking, and no personal or family 
history of cancer.

In addition, we collected the clinical pathological char-
acteristics, including tumor grade, pathological stage and 
lymph-node metastasis, from clinical records. All partici-
pants gave their written informed consent, and this study 
was approved by the Institutional Review Committee of 
Nanjing First Hospital. Moreover, this study was con-
ducted in accordance with the Declaration of Helsinki.

SNP Genotyping
Blood samples of patients were collected with anticoagu-
lant tubes containing EDTA for genotyping, and the geno-
typing was performed based on Sequence MASSarray. 
Finally, SequenomTyper 4.0 software was used for data 
management and evaluation, as previously described.27,28

Immunohistochemistry (IHC) Assay
Estrogen receptor (ER), progesterone receptor (PR) and 
human epidermal growth factor receptor-2 (HER-2) 
expression in paraffin-embedded tumor tissues was 
detected by IHC assay, following the instructions for the 
kit. The monoclonal rabbit ER, PR and HER-2 antibody 
used in this study were purchased from Spring Bioscience 
(Pleasanton, CA, USA).

Statistical Analysis
The t-test or fitted chi-squared test was used to evaluate 
differences in clinical characteristics between the two 
groups. Evaluation of Hardy–Weinberg equilibrium (HWE) 
in the healthy control group was assessed by the two-sided 
chi-squared test. SAS-based logistic regression was used to 
calculate the odds ratio (OR) and 95% confidence interval 
(CI) to assess the relationship of SNPs with BC risk. To 
obtain more rigorous statistical results, we used adjusted 
ORs to reduce the potential effects of age and menopausal 
status. The data were analyzed using SPSS 23.0 software 
(IBM Corp, Armonk, NY, USA), with a p-value <0.05 
indicating a statistically significant difference.

Results
The genotypic distributions of all SNPs were not biased in 
HWE (Table 1). There was no significant difference in age 
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between the case and control groups (p=0.933), as sum-
marized in Table 2.

Logistic regression revealed that DNMT1 rs16999593 
and rs2228611 were associated with BC risk. DNMT1 
rs16999593 TC genotype (TC vs TT: adjusted OR=1.41, 
95% CI: 1.05–1.90, p=0.023) and TC/CC genotype (TC/ 
CC vs TT: adjusted OR=1.38, 95% CI: 1.03–1.84, 
p=0.030) increased the risk of BC. However, DNMT1 
rs2228611 A allele was found to be a protective factor 
for BC (AA vs GG: adjusted OR=0.55, 95% CI: 0.33– 
0.94, p=0.030; GA/AA vs GG: adjusted OR=0.74, 95% 
CI: 0.56–0.97, p=0.030; additive model: adjusted 
OR=0.76, 95% CI: 0.61–0.94, p=0.012). No other 
SNPs showed any significant correlation with the risk 
of BC, as demonstrated in Table 3.

In order to explore the impact of menopause on the 
risk, we stratified the subjects according to menopausal 
status, and the results showed DNMT1 rs2228611 was 
associated with a reduced risk of BC in premenopausal 
females (GA vs AA: adjusted OR=0.62, 95% CI: 0.42– 
0.90, p=0.012), as shown in Table 4.

In addition, a subgroup analysis was performed based 
on clinical pathological characteristics, and logistic regres-
sion analysis showed that DNMT1 rs16999593 TC/CC had 
a higher BC risk than wild-type TT in the subgroups with 
TNM stage 0–II (TC/CC vs TT: adjusted OR=1.51, 95% 
CI: 1.10–2.07, p=0.010) and negative lymph-node metasta-
sis (TC/CC vs TT: adjusted OR=1.46, 95% CI: 1.04–2.07, 
p=0.031). In contrast, DNMT1 rs2228611 GA/AA was 
related to a reduced risk of BC in the subgroups of low- 
rank TNM stage 0–II (GA/AA vs GG: adjusted OR=0.72, 
95% CI: 0.52–0.97, p=0.033) and advanced tumor grade 

(G3–G4) (GA/AA vs GG: adjusted OR=0.55, 95% CI: 
0.36–0.84, p=0.005), as demonstrated in Table 5.

Moreover, we performed subgroup analysis according to 
the expression of ER, PR and HER-2, and found that 
DNMT1 rs16999593 C allele carriers had an increased risk 
of HER-2− BC (TC/CC vs TT: adjusted OR=1.40, 95% CI: 
1.03–1.90, p=0.031). However, rs2228611 A allele carriers 
had a decreased risk of ER− BC (GA/AA vs GG: adjusted 
OR=0.71, 95% CI: 0.52–0.98, p=0.035) and PR− BC (GA/ 
AA vs GG: adjusted OR=0.68, 95% CI: 0.49–0.95, 
p=0.024). Furthermore, we found that ALDH1L1 
rs2002287 C allele carriers had an increased risk of PR+ 

BC (CT/CC vs TT: adjusted OR=1.54, 95% CI: 1.04–2.26, 
p=0.030), as shown in Table 6.

Discussion
To evaluate the relationship between SNPs in the genes 
(MTR rs1805087; MTHFR rs1801133; ALDH1L1 
rs2002287, rs2276731; DNMT1 rs16999593, rs2228611; 
DNMT3B rs2424908) of the one-carbon metabolic pathway 

Table 1 Information on the Included Genetic Variations

SNP ID Gene Chromosome HWE in 
Controls 
(p-value/ 
chi- 
squared)

rs1805087 MTR 1:236885200 0.630/0.232

rs1801133 MTHFR 1:11796321 0.351/0.870
rs2002287 ALDH1L1 3:126130395 0.855/0.033

rs2276731 ALDH1L1 3:126155545 0.882/0.022

rs16999593 DNMT1 19:10180505 0.294/0.468
rs2228611 DNMT1 19:10156401 0.932/0.007

rs2424908 DNMT3B 20:32772577 0.141/2.165

Abbreviations: SNP, single-nucleotide polymorphism; HWE, Hardy–Weinberg 
equilibrium.

Table 2 Clinical Characteristics of the Enrolled Participants

Variables Cases, 
n (%)

Controls, 
n (%)

p-Value

Participants 439 439

Age (mean±SD, 

years)

52.89±10.78 52.95±10.89 0.933

Menopausal status

Premenopausal 198 (45.10)

Postmenopausal 241 (54.90)
Clinical stage

0–II 306 (69.7)
III–IV 133 (30.3)

Clinical grade

G1–G2 317 (72.2)
G3–G4 122 (27.8)

Lymphatic metastasis

Negative 211 (48.1)
Positive 228 (51.9)

ER

Negative 165 (37.6)
Positive 274 (62.4)

PR

Negative 205 (46.7)
Positive 234 (53.3)

HER-2

Negative 92 (21.0)
Positive 347 (79.0)

Note: The results with significant difference are in bold. 
Abbreviations: ER, estrogen receptor; PR, progesterone receptor; HER-2, human 
epidermal growth factor receptor-2.
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and BC risk, we recruited 439 pairs of BC patients and 
healthy controls, and found that DNMT1 rs16999593 and 
rs2228611 were associated with BC risk.

DNA methylation is closely related to the pathological 
process of BC,29,30 and methylation genes are potential 
predictors of survival and prognosis in patients with 
metastatic BC,31 indicating their clinical application 

value in risk stratification and disease monitoring. 
DNMT1 encodes DNA methyltransferase-1, which main-
tains CpG methylation and participates in embryonic 
development and somatic cell survival. Knockout of the 
DNMT1 gene can affect genomic stability and cell 
viability.32 Our results showed that DNMT1 rs16999593 
was associated with an increased risk of BC, which was 

Table 3 Association Between Polymorphisms and Risk of Breast Cancer

Genotype Cases, n (%) Controls, n (%) OR (95% CI) AOR (95% CI) a p-Value a

rs1805087
AA 351 (79.95) 367 (83.79) Reference Reference

GA 84 (19.13) 67 (15.30) 1.31 (0.92–1.87) 1.33 (0.93–1.92) 0.123

GG 4 (0.91) 4 (0.91) 1.05 (0.26–4.21) 1.20 (0.29–5.08) 0.800
GA/GG 88 (20.04) 71 (16.21) 1.30 (0.92–1.83) 1.33 (0.93–1.89) 0.120

Additive model 1.25 (0.91–1.72) 1.29 (0.92–1.79) 0.137

rs1801133
CC 112 (25.69) 110 (250.40) Reference Reference

TC 241 (55.28) 226 (52.19) 1.05 (0.76–1.44) 1.05 (0.75–1.45) 0.793
TT 83 (19.04) 97 (22.40) 0.84 (0.57–1.25) 0.85 (0.57–1.27) 0.418

TC/TT 324 (74.31) 323 (74.60) 0.99 (0.73–1.34) 0.98 (0.72–1.35) 0.912

Additive model 0.92 (0.76–1.12) 0.92 (0.76–1.13) 0.440
rs2002287

TT 136 (30.98) 142 (32.57) Reference Reference

CT 234 (53.30) 212 (48.62) 1.15 (0.85–1.56) 1.19 (0.87–1.62) 0.275
CC 69 (15.72) 82 (18.81) 0.88 (0.59–1.31) 0.92 (0.62–1.38) 0.696

CT/CC 303 (69.02) 294 (67.43) 0.08 (0.81–1.43) 1.12 (0.83–1.50) 0.460

Additive model 0.97 (0.80–1.18) 1.00 (0.82–1.22) 0.985
rs2276731

TT 247 (56.39) 250 (57.87) Reference Reference

CT 170 (38.81) 158 (36.57) 1.09 (0.82–1.44) 1.11 (0.83–1.48) 0.483
CC 21 (4.79) 24 (5.56) 0.89 (0.48–1.63) 0.83 (0.44–1.55) 0.550

CT/CC 191 (43.61) 182 (42.13) 1.06 (0.81–1.39) 1.07 (0.81–1.41) 0.633

Additive model 1.02 (0.82–1.28) 1.02 (0.81–1.28) 0.892
rs16999593

TT 268 (61.75) 297 (67.96) Reference Reference

TC 155 (35.71) 129 (29.52) 1.33 (1.00–1.77) 1.41 (1.05–1.90) 0.023
CC 11 (2.53) 11 (2.52) 1.11 (0.47–2.60) 1.06 (0.44–2.54) 0.905

TC/CC 166 (38.25) 140 (32.04) 1.31 (0.99–1.74) 1.38 (1.03–1.84) 0.030
Additive model 1.25 (0.97–1.60) 1.29 (0.99–1.66) 0.057
rs2228611

GG 234 (53.79) 206 (46.92) Reference Reference

GA 173 (39.77) 190 (43.28) 0.80 (0.61–1.06) 0.78 (0.59–1.04) 0.094
AA 28 (6.44) 43 (9.79) 0.57 (0.34–0.96) 0.55 (0.33–0.94) 0.030
GA/AA 201 (46.21) 233 (53.08) 0.76 (0.58–0.99) 0.74 (0.56–0.97) 0.030
Additive model 0.78 (0.63–0.96) 0.76 (0.61–0.94) 0.012
rs2424908

TT 123 (28.34) 134 (30.59) Reference Reference

TC 226 (52.07) 230 (52.51) 1.07 (0.79–1.45) 1.06 (0.78–1.45) 0.717
CC 85 (19.59) 74 (16.89) 1.25 (0.84–1.86) 1.20 (0.80–1.80) 0.378

TC/CC 311 (71.66) 304 (69.41) 1.11 (0.83–1.49) 1.10 (0.81–1.48) 0.550

Additive model 1.11 (0.92–1.35) 1.09 (0.89–1.33) 0.397

Notes: aAdjusted for age and menopausal status in logistic regression analysis. The results with significant difference are in bold.
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consistent with the results of Tao et al, who found that the 
C allele of rs16999593 can increase the risk of triple- 
negative breast cancer (TNBC), and the rs16999593 TC 
genotype is a risk factor for TNBC.33 Consistent with this, 
in another Chinese population, rs16999593 was reported to 
be highly correlated with the risk of BC.26 Also, a meta- 
analysis revealed that rs16999593 was associated with 
gastric cancer risk.34,35 Moreover, we found that DNMT1 
rs16999593 was more common in patients with TNM 
stage 0–II, no lymph-node metastasis and negative expres-
sion of HER2, which indicates that DNMT1 could regulate 
gene expression in an epigenetic manner, resulting in the 
pathological characteristics of cancers.36–38 Functionally, 
rs16999593, a missense variant, changes from T to C in 
amino acid 97 (histidine to arginine), which may disrupt 
the function of DNMT1, thereby increasing the suscept-
ibility to cancer;35 however, the function of substitution 
caused by the polymorphism is still unclear. In addition, 
our results showed that DNMT1 rs2228611 was 
a protective risk factor for BC patients. A previous study 
reported that rs2228611 was an independent prognostic 
factor for gastric cancer.39 In this study, we observed that 
DNMT1 rs2228611 was associated with BC risk in sub-
types of menopausal status (premenopausal women) and 
pathological characteristics (TNM stage 0–II, grade III–IV, 
and negative expression of ER and PR), indicating that 
DNMT1 rs2228611 may contribute to BC through various 
pathways.40–42 Functionally, DNMT1 rs2228611, a SNP at 
the exon splicing enhancer region, is a synonymous muta-
tion (proline to proline) that may alter the pre-RNA spli-
cing of DNMT1.39,43

ALDH1L1 is the key enzymes in the metabolic 
pathway of folic acid, and the intake of folic acid is 
positively correlated with DNA methylation.18 

ALDH1L1 gene expression is down-regulated in can-
cer, and low ALDH1L1 expression is associated with 
the occurrence and malignant expression of tumors.44– 

46 In this study, we observed that ALDH1L1 rs2002287 
was not associated with the overall risk of BC, while, 
in the subgroup analysis, we observed that PR-positive 
women who carried the C allele have a higher risk 
of BC, which is consistent with a previous report.47 

However, a conflicting conclusion was reported that 
rs2002287 was associated with a decreased risk 
of BC,44 which may be attributed to the fact that the 
effect of SNP on cancer has racial specificity.48 At the 
same time, this is the first study on the relationship 
between rs2002287 and BC risk in Chinese people, so 
large sample sized case-control studies are needed.

This study investigated seven polymorphisms in the 
one-carbon metabolism pathway and the risk of BC, with 
the aim of providing a basis for establishing a BC suscept-
ibility gene database in the Chinese population. Our study 
provided molecular epidemiological data for the basic and 
clinical study of BC.

Admittedly, this study has some limitations. First of 
all, the SNPs of many key enzymes in the process of 
one-carbon metabolism have not been studied. We need 
to further explore and find other SNPs. Secondly, alco-
hol is a risk factor for BC, and alcohol can hinder the 
metabolism of folic acid and change the methylation of 
genes.47 Other studies have shown that alcohol and folic 

Table 4 Stratified Effects of Polymorphisms on Breast Cancer Risk by Menopausal Status

Genotype Premenopausal p-Value a Postmenopausal p-Value a

Patients/Controls OR (95% CI) a Patients/Controls OR (95% CI) a

rs16999593

TT 115/175 Reference 153/122 Reference
TC 75/82 1.43 (0.96–2.13) 0.078 80/47 1.38 (0.89–2.15) 0.148

CC 6/6 1.64 (0.51–5.27) 0.406 5/5 0.69 (0.19–2.47) 0.565
TC/CC 81/88 1.44 (0.98–2.13) 0.065 85/52 1.31 (0.85–2.00) 0.223

Additive mode 1.38 (0.98–1.95) 0.069 1.18 (0.80–1.73) 0.398

rs2228611
GG 119/128 Reference 115/78 Reference

GA 68/113 0.65 (0.44–0.96) 0.032 105/77 0.97 (0.64–1.47) 0.879

AA 9/24 0.44 (0.20–1.00) 0.049 19/19 0.65 (0.32–1.35) 0.248
GA/AA 77/137 0.62 (0.42–0.90) 0.012 124/96 0.91 (0.61–1.35) 0.628

Additive mode 0.66 (0.48–0.90) 0.009 0.87 (0.64–1.19) 0.380

Notes: aAdjusted for age. The results with significant difference are in bold.
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Table 5 Stratified Effects of SNPs on Breast Cancer Risk by the Pathological Characteristics of Patients

Genotype Controls Stage (0–II) p-Value 
a

Stage (III–IV) p-Value a Grade (G1– 
G2)

p-Value a Grade (G3–G4) p-Value a Lymphatic 
Metastasis (−)

p-Value a Lymphatic 
Metastasis (+)

p-Value a

Cases OR 
(95% 
CI) a

Cases OR 
(95% 
CI) a

Cases OR 
(95% 
CI) a

Cases OR 
(95% 
CI) a

Cases OR 
(95% 
CI) a

Cases OR 
(95% 
CI) a

rs16999593

TT 297 178 89 195 73 134 133

TC/CC 140 123 1.51 
(1.10– 
2.07)

0.010 42 1.09 

(0.71– 

1.68)

0.693 117 1.33 

(0.97– 

1.82)

0.076 49 1.52 

(0.99– 

2.32)

0.056 89 1.46 
(1.04– 
2.07)

0.031 77 1.31 

(0.92– 

1.87)

0.136

rs2228611

GG 206 163 71 158 76 120 114

GA/AA 233 138 0.72 
(0.53– 
0.97)

0.033 61 0.77 

(0.52– 

1.15)

0.195 155 0.82 

(0.61– 

1.11)

0.198 46 0.55 
(0.36– 
0.84)

0.005 105 0.77 

(0.55– 

1.07)

0.117 95 0.72 

(0.51– 

1.01)

0.054

Notes: aAdjusted for age. The results with significant difference are in bold.

Table 6 Stratified Effects of SNPs on Breast Cancer Risk by the Expression of ER, PR and HER-2

Genotype Controls ER () p-Value a ER (+) p-Value a PR (−) p-Value 
a

PR (+) p-Value a HER-2 (−) p-Value a HER-2 (+) p-Value a

Cases OR 
(95% 
CI) a

Cases OR 
(95% 
CI) a

Cases OR 
(95% 
CI) a

Cases OR 
(95% 
CI) a

Cases OR 
(95% 
CI) a

Cases OR 
(95% 
CI) a

rs16999593

TT 297 169 99 145 123 210 58

TC/CC 140 102 1.33 

(0.96– 

1.85)

0.086 63 1.44 

(0.98– 

2.11)

0.066 87 1.34 

(0.95– 

1.89)

0.090 79 1.43 

(1.00– 

2.05)

0.053 133 1.40 
(1.03– 
1.90)

0.031 33 1.30 

(0.80– 

2.12)

0.289

rs2228611

GG 206 147 86 129 105 182 52

GA/AA 233 124 0.71 
(0.52– 
0.98)

0.035 77 0.80 

(0.56– 

1.16)

0.249 103 0.68 
(0.49– 
0.95)

0.024 98 0.83 

(0.59– 

1.17)

0.284 161 0.77 

(0.57– 

1.03)

0.073 40 0.67 

(0.42– 

1.07)

0.092

rs2002287

TT 142 88 47 84 52 102 34

CT/CC 294 185 1.07 

(0.78– 

1.50)

0.684 118 1.30 

(0.87– 

1.95)

0.205 150 0.91 

(0.64– 

1.27)

0.566 153 1.54 
(1.04– 
2.26)

0.030 245 1.22 

(0.89– 

1.68)

0.214 58 0.88 

(0.54– 

1.42)

0.602

Notes: aAdjusted for age. The results with significant difference are in bold.
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acid can also affect one-carbon metabolism and disrupt 
DNA methylation, leading to cancer.18 Therefore, we 
should take alcohol and dietary factors into account. 
Thirdly, our research population is only from Nanjing 
First Hospital in Nanjing, a single center with a small 
population . In further study, we should increase the 
sample size as much as possible to expand the scope 
of the study population.

Conclusion
DNMT1 rs16999593 and rs2228611 were potentially asso-
ciated with BC risk.
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