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Abstract

Purpose: Tobacco smoke exposure has been associated with altered DNA methylation. However, 

there is a paucity of information regarding tobacco smoke exposure and DNA methylation of 

breast tumors.

Methods: We conducted a case-only analysis using breast tumor tissue from 493 postmenopausal 

and 225 premenopausal cases in the Western New York Exposures and Breast Cancer (WEB) 

study. Methylation of nine genes (SFN, SCGB3A1, RARB, GSTP1, CDKN2A, CCND2, BRCA1, 
FHIT, and SYK) was measured with pyrosequencing. Participants reported their secondhand 

smoke (SHS) and active smoking exposure for seven time periods. Unconditional logistic 

regression was used to estimate odds ratios (OR) of having methylation higher than the median.
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Results: SHS exposure was associated with tumor DNA methylation among postmenopausal but 

not premenopausal women. Active smoking at certain ages was associated with increased 

methylation of GSTP1, FHIT, and CDKN2A and decreased methylation of SCGB3A1 and 

BRCA1 among both pre- and postmenopausal women.

Conclusion: Exposure to tobacco smoke may contribute to breast carcinogenesis via alterations 

in DNA methylation. Further studies in a larger panel of genes are warranted.

Keywords

Breast cancer; DNA methylation; tobacco; secondhand smoke; epigenetics

Introduction

There is inconsistent evidence that active smoking and secondhand smoke (SHS) exposure 

are associated with an increased risk of breast cancer. In a meta-analysis, active and 

secondhand smoking were weakly associated with elevated risk of breast cancer [summary 

relative risk (SRR) ever active smoking = 1.10 (95% CI: 1.09; 1.12); SRR passive smoke 

exposure =1.07 (95%CI: 1.02–1.13)] (1). Menopausal status has been reported to modify the 

association between active or passive smoke exposure and risk of breast cancer. For instance, 

active smoking was associated with increased risk of premenopausal, but not 

postmenopausal breast cancer, in a large prospective cohort study of African American 

women (2). The measure of association between active smoking or SHS exposure and risk of 

breast cancer also varies with the timing and intensity of exposure (3–5). These differences 

in risk estimates may reflect these physiologic changes throughout life that change the 

vulnerability of breast tissue to carcinogens. Tobacco smoke contains a myriad of 

carcinogens, several of which have been demonstrated to accumulate in breast tissue (6), 

including polycyclic aromatic hydrocarbons (PAHs) (7).

Epigenetic mechanisms are one possible way for exogenous exposures to contribute to 

breast carcinogenesis. Aberrant methylation of CpG sites, which can result in genomic 

instability, silencing of tumor suppressor genes, or activation of oncogenes, is frequently 

reported in cancer cells (reviewed by: (8)). Patterns of DNA methylation are tissue-specific 

(9). Active cigarette smoking has been associated with altered DNA methylation in 

peripheral blood among healthy adults (10). Tobacco smoke exposure has also been 

associated with altered methylation in lung (11), colorectal (12, 13) and prostate (14) 

tumors. SHS exposure has been associated with DNA methylation patterns of peripheral 

blood in healthy adults (15) and lung tumor tissue from never smokers (16). Although DNA 

methylation patterns are somewhat alterable, smoking-associated methylation events have 

been observed in peripheral blood of former smokers up to 22 years after smoking cessation 

(17). Furthermore, in utero exposure to tobacco has been associated with alterations in DNA 

methylation in umbilical cord blood(18) as well as in blood of children between ages three 

and five (19, 20) and up to age 17 (21).

Tobacco smoke exposure at the time of diagnosis has been previously associated with DNA 

methylation in breast tumor tissue (22, 23). However, to our knowledge, the association 

between lifetime exposure to tobacco smoke and DNA methylation in breast tumor tissue 
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has not been assessed. Alterations in DNA methylation are posited to be an early event in 

breast carcinogenesis (24, 25). Thus, considering exposures throughout life may elucidate an 

etiologically relevant window of exposure and reduce the potential for exposure 

misclassification. For instance, we have previously reported that the early life exposures, 

birth weight, being breastfed, and maternal age at delivery, were associated with methylation 

of tumor suppressor genes in breast tumors (26). Given the relatively stable nature of DNA 

methylation and the relevance of early life exposures in breast cancer etiology, we 

hypothesized that active smoking and SHS exposure throughout life would be associated 

with DNA methylation of nine tumor suppressor genes or oncogenes reported to be 

methylated in breast tumors.

Methods

The Western New York Exposures and Breast Cancer (WEB) study is a large, population-

based case-control study of breast cancer conducted from 1996–2001, the details of which 

have been described previously (27–29). Cases were 1170 women with primary, 

histologically confirmed, incident breast cancer that were between ages 35–79 years at 

diagnosis. Women with breast cancer were interviewed within one year of diagnosis, most 

within six months (64%). All participants provided informed consent, and the study protocol 

was approved by the Institutional Review Boards of the University at Buffalo and of all 

participating institutions. The analyses reported herein are restricted to women with breast 

cancer who had DNA methylation measured from tumor samples. Information regarding 

tobacco smoke exposure and methylation data was available for 493 postmenopausal cases 

and 225 premenopausal cases. We have previously reported that these women tended to have 

larger tumors and were more likely to have metastatic disease at the time of diagnosis when 

compared with WEB study cases not included in methylation analyses (29).

Exposure assessment

The tobacco exposure assessment methods in the WEB study participants have been 

described previously (27). Medical history, diet, lifetime alcohol consumption, residential 

history, occupational history, and smoking history were compiled through extensive in-

person interviews and self-administered questionnaires. During the interview participants 

were queried about secondhand smoke exposure from household co-inhabitants and 

coworkers for seven age periods: (1) <21 years, (2) 21–30, (3) 31–40, (4) 41–50, (5) 51–60, 

(6) 61–70, (7) >70. Participants were asked the number of people they lived with who 

smoked cigarettes, cigars, or pipes. They were also asked to report the number of years that 

they resided with these smokers for each specified time period. Participants also were asked 

to report their own smoking behaviors during this time period.

Pyrosequencing

As described previously (29), candidate genes were selected because they had previously 

been reported to be frequently methylated in breast tumors (30–38). The genes assessed in 

this analysis were as follows: secretoglobin, family 3A, member 1 (SCGB3A1); cyclin-

dependent kinase inhibitor 2A (CDKN2A); fragile histidine triad (FHIT); glutathione S-
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transferase pi 1 (GSTP1); stratifin (SFN); breast cancer gene 1 (BRCA1); retinoic acid 

receptor, beta (RARB); cyclin D2 (CCND2); and spleen tyrosine kinase (SYK).

The Pyrosequencing system (Qiagen, Valencia, CA) was used to detect methylated CpG 

sites in sequencing reactions. Archived tumor samples were micro-dissected from fixed 

microscope slides. Five hundred nanograms of genomic DNA were treated with sodium 

bisulfite using the EZ DNA Methylation kit (Zymo Research, Orange, CA). Bisulfite-treated 

DNA was amplified with specific primers for each gene of interest. The Pyro Mark Assay 

Design program and the Pyro Q-CpG software were used for primer designs and data 

analysis, respectively. Average methylation levels of individual CpG sites for each DNA 

sample were calculated. Primer sets, SYK (Cat. # PM00151816), SCGB3A1 (Cat. # 

PM00022687), GSTP1 (Cat. # PM00151809), CDKN2A (Cat. # 972012), CCND2 (Cat. # 

PM00051674), were purchased from Qiagen. Sample size varied for each gene primarily 

because individual samples did not pass quality control for some of the assays.

Statistical analyses

We have previously observed differences in the association between several exposures and 

methylation by menopausal status (29, 39, 40), thus, all analyses were stratified by 

menopausal status. Analyses of associations of secondhand smoke exposure with 

methylation were restricted to participants who reported smoking less than 100 cigarettes in 

their entire life (never smokers). Unconditional logistic regression was employed to estimate 

odds ratios (OR) and 95% confidence intervals (CI) for odds of methylation above the 

median by exposure to SHS or active smoking. Participants that reported living with a 

smoker were defined as exposed to SHS for that period. Similarly, participants that reported 

actively smoking during each age period were considered active smokers for that period. We 

also assessed the total number of years of living with a smoker and the total number of pack-

years. Total years were dichotomized at the median number of years among exposed women 

specific to menopausal status.

Methylation was defined as a value above the median value for each gene, which we have 

used to dichotomize methylation previously (29). Because we have previously reported that 

methylation is associated with tumor characteristics we considered adjusting for them in 

addition to other potential confounders(29). Covariates considered for adjustment in 

regression models were age; age at menarche; parity; body mass index; alcohol consumption 

(lifetime number of drinks per usual drinking day); race; and tumor characteristics including, 

histological grade, tumor size, estrogen receptor (ER) status, progesterone receptor status 

(PR), Human Epidermal Growth Factor Receptor 2 (HER2) status, and triple negative status. 

We included covariates that were hypothesized to be confounders in the association between 

tobacco exposure and methylation (age and ER status) or that changed the association 

between average methylation and SHS by at least 10%. Final models were adjusted for age 

and ER status. Because age of smoking initiation and pack-years are correlated, we further 

adjusted active smoking analyses for lifetime pack-years of smoking. Only estimates based 

on categories with 5 or more participants are presented herein.
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Results

Site specific methylation percentages were available for 4–10 CpG sites for each gene. 

Methylation of individual CpG sites was averaged for each gene for each participant. The 

median Spearman’s p value for the correlation between site-specific methylation values and 

the average methylation value for each gene was 0.75. Median methylation values for each 

gene by select characteristics are presented in Table 1.

The associations between active smoking throughout life and DNA methylation in breast 

tumor tissue among premenopausal women are presented in Table 2. Methylation of 

SCGB3A1 was inversely associated with active smoking at before age 21 (OR = 0.25, 95% 

CI: 0.09; 0.75), between ages 21 and 30 (OR = 0.30, 95% CI: 0.10; 0.91) and between ages 

41 and 50 (OR = 0.19, 95%CI: 0.04; 0.81). Smoking before age 21 was associated with 

increased odds of methylation of GSTP1 (OR = 2.56, 95% CI: 1.00; 6.58). Smoking 

between age 31 and 40 was associated with lower odds of methylation of BRCA1 (OR = 

0.09, 95% CI: 0.02; 0.38).

Active smoking before age 41 was not associated with methylation of any gene in tumors 

from postmenopausal women (results not shown). Active smoking between age 41–50 was 

associated with increased odds of methylation of FHIT (OR= 4.64, 95%CI: 1.60; 13.51). 

Between age 51–60, active smoking was associated with increased odds of methylation of 

GSTP1 (OR= 2.28, 95% CI: 1.00; 5.20) (Table 3). Results for the association between 

smoking status (never, former, current) and methylation above the median are presented in 

Table 4. We did not observe evidence of an association between smoking status and 

methylation among premenopausal women. Among postmenopausal women, current 

smokers had the highest odds of methylation of CDKN2A (OR current smokers vs. never 

smokers 2.12, 95% CI: 0.96; 4.69, p for trend = 0.02).

The exposure distribution in our study was relatively homogeneous, with a small number of 

women who were not exposed to SHS in early life. Period-specific analyses of SHS 

exposure resulted in many cells with sample size less than five and are not presented. We did 

not observe any statistically significant associations between cumulative years of SHS 

exposure or pack-years among premenopausal women (results not shown). Among 

postmenopausal women, cumulative SHS exposure was inversely associated with 

methylation of BRCA1 and SYK and total number of pack-years was associated with higher 

methylation of CDKN2A in tumor tissue (OR = 1.95, 95% CI: 1.07; 3.54) (Table 5). Since 

ER status could potentially be on the causal pathway between tobacco smoke exposure and 

methylation we also considered select analyses not adjusted for ER status and note that the 

results were virtually identical (not shown).

Discussion

In our study, active smoking and SHS exposure throughout life were associated with altered 

methylation of the promoter region of several candidate genes in breast tumor tissue, both 

positively and negatively. While previous studies of tobacco smoke exposure and breast 

cancer risk have been inconsistent, our findings provide suggestive evidence that tobacco 
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smoke alters DNA methylation, potentially a mechanism contributing to breast 

carcinogenesis. We observed that exposures decades prior to diagnosis were associated with 

changes in methylation patterns, which supports the hypothesis that epigenetic alterations 

are an early event in breast carcinogenesis.

We observed that SHS exposure and active smoking were associated with both increased and 

decreased methylation of breast cancer related genes. Active and secondhand tobacco smoke 

exposure has been associated with increased and decreased methylation in studies of 

peripheral blood leukocytes of healthy adults and children (10, 41–44). Furthermore, 

treatment of four breast cancer cell lines with benzo(a)pyrene induced both hypomethylation 

and hypermethylation of repeat elements as well as tumor suppressor genes (45). Tobacco 

smoke exposure has also been associated with altered methylation tumors from lung (11), 

colorectal (12, 13) or prostate (14) tissue.

There have only been two prior reports on the association between exposure to cigarette 

smoke and patterns of methylation in breast tumors (22, 23). Active smoking was associated 

with hypermethylation of ERα in a study of 137 Iranian women (23). While we did not 

measure methylation of ERa; we did find that active smoking at different points in the life 

course was associated with increased odds of methylation of GSTP1, FHIT, and CDKN2A.

Our results were largely consistent with the results of White et al. (22). Synthetic log use, 

another source of PAH exposure, was associated with lower methylation of BRCA1 (OR = 

0.44, 95%CI: 0.30; 0.60) (22), and we found that SHS exposure and active smoking at 

certain points in time were associated with decreased methylation of BRCA1. Conversely, 

smoking was associated with increased methylation of BRCA1 in DNA from peripheral 

blood leukocytes in a study of women without breast cancer (46). Methylation is tissue-

specific (9) and these discordant findings could also be attributed to differences in the 

methods used to measure methylation.

We found that active smoking was associated with lower odds of methylation of SCGB3A1 
among premenopausal women only. Conversely, White et al reported that synthetic log use 

was associated with increased methylation of SCGB3A1 (OR = 2.14, 95%CI: 1.34; 3.42) 

among all breast cancer cases (22). This discrepancy could be attributed to differences in the 

method used to measure methylation between studies, we used pyrosequencing while the 

previous study used the MethyLight assay, and the targets of the primers may be different. 

Alternatively, the impact of PAH exposure on methylation of SCGB3A1 may vary by the 

timing or intensity of exposure. Furthermore, although both SHS and synthetic log use are 

sources of exposure to PAHs, they also contain different constituents that may also 

differentially impact DNA methylation.

SHS exposure after age 61 and active smoking between ages 41 to 50 was associated with 

increased methylation of FHIT. Our analyses of SHS exposure after age 61 were based on a 

very small number of cases. Previous studies have indicated that inactivation of FHIT via 

methylation contributes to the development of smoking-related lung cancer. For instance, 

increased methylation of FHIT was detected in bronchial lavage samples of cancer-free men 

and women who reported smoking for more than 40 pack-years (47). Compared with those 
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who had smoked less than 20 pack-years, those who had smoked greater than 40 pack-years 

were at a 13.10-fold increased odds of having methylation of FHIT (95% CI: 4.94; 63.96)

(47). Mice exposed to environmental tobacco smoke for 30 days experienced a loss of FHIT 
expression as detected by immunohistochemistry, while mice exposed to filtered air did not 

(48). Our results extend the association between tobacco exposure and increased methylation 

of FHIT to breast tumor tissue.

The results of our study should be considered in the context of several limitations and 

strengths. Exposure to both SHS and active smoke were obtained by self-report. We utilized 

a case-only analysis where cases were not aware of the methylation status of their tumors 

nor the hypothesis of our study. Thus, bias from differential recall is less of a concern in our 

study. Furthermore, exposures were queried through an extensive in-person interview with 

trained interviewers, which further reduced potential recall bias. However, there is likely 

non-differential exposure misclassification resulting from error in recall of exposures in the 

past. Another source of potential exposure misclassification is the metric we used to estimate 

SHS exposure. SHS exposure was based on the participants’ report of living with at least 

one person who smoked. Thus, this metric assumes that these individuals smoked in the 

presence of the participant, that the number of individuals smoking in a home did not impact 

the association, and that most SHS exposure occurred in participants’ homes. Although the 

overall sample size of our study was relatively large, the analyses for certain sub-groups, 

especially analyses of exposure in later ages were hindered by sparse data. We made many 

comparisons and some of our findings could be due to chance. We did not adjust for 

multiple comparisons because we selected genes that were biologically relevant and did not 

rely on statistical significance to interpret our results (22, 49).

There are several important strengths of our study as well. It was population-based with a 

relatively large number of cases providing tumor tissues. We also assessed exposures 

throughout the life-course as opposed to only assessing recent exposures. These measures, 

while imperfect, may better target the etiologically relevant window of exposure. However, 

we note that several non-significant associations for different points in time were observed in 

the same direction as the statistically significant results we observed.

In conclusion, we found that SHS and active smoking throughout the life-course were 

associated with altered methylation of several breast cancer-related genes in DNA from 

breast tumor tissue. Our results support the hypothesis that exposure to tobacco smokes 

affects breast cancer risk and that epigenetic alterations in response to these exposures are an 

early event in breast carcinogenesis. Further studies across larger panels of genes with more 

subjects are warranted.
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Table 3.

Association between active smoking and breast tumor DNA methylation, postmenopausal cases

Active smoking age 41–50 Active smoking age 51–60

N OR (95% CI) N OR (95% CI)

>M <M >M <M

SFN

 No 83 93 1.00 (referent) No 88 102 1.00 (referent)

 Yes 48 46 1.00 (0.48; 2.08) Yes 35 30 1.11 (0.49; 2.55)

SCGB3A1

 No 75 94 1.00 (referent) No 79 100 1.00 (referent)

 Yes 41 50 1.02 (0.47; 2.21) Yes 31 32 1.76 (0.75; 4.15)

RARB

 No 84 107 1.00 (referent) No 91 119 1.00 (referent)

 Yes 46 65 0.89 (0.46; 1.74) Yes 33 45 0.99 (0.47; 2.09)

GSTP1

 No 83 104 1.00 (referent) No 95 108 1.00 (referent)

 Yes 58 44 1.88 (0.94; 3.77) Yes 41 27 2.28 (1.00; 5.20)

CDKN2A

 No 67 93 1.00 (referent) No 79 97 1.00 (referent)

 Yes 57 40 2.07 (0.93; 4.64) Yes 40 27 1.64 (0.73; 3.70)

CCND2

 No 58 55 1.00 (referent) No 60 60 1.00 (referent)

 Yes 27 31 0.92 (0.34; 2.47) Yes 21 20 1.47 (0.49; 4.43)

BRCA1

 No 111 102 1.00 (referent) No 123 106 1.00 (referent)

 Yes 66 58 1.25 (0.66; 2.34) Yes 45 43 1.00 (0.50; 2.01)

FHIT

 No 51 51 1.00 (referent) No 65 50 1.00 (referent)

 Yes 37 23 4.64 (1.60; 13.51) Yes 22 18 1.48 (0.51; 4.31)

SYK

 No 105 121 1.00 (referent) No 116 126 1.00 (referent)

 Yes 58 68 0.92 (0.49; 1.72) Yes 40 50 0.80 (0.40; 1.59)

a
Odds ratios (OR) for methylation above the median value and 95% confidence intervals (CI) were estimated with unconditional logistic regression 

model adjusted for age in years, estrogen receptor status, and lifetime pack-years. Abbreviations: M, median; OR, odds ratio; SFN, stratifin; 
SCGB3A1, secretoglobin, family 3A, member 1; RARB , retinoic acid receptor, beta; GSTP1, glutathione S-transferase pi 1; CDKN2A, cyclin-
dependent kinase inhibitor 2A; CCND2, cyclin D2; BRCA1, breast cancer gene 1; FHIT, fragile histidine triad; SYK, spleen tyrosine kinase
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Table 4.

Association between smoking status at interview and breast tumor DNA methylation, all cases, WEB study

Gene Smoking status Premenopausal Postmenopausal

>M <M OR
a (95% CI) >M <M OR

a (95% CI)

SFN Never 30 37 1.00 (referent) 63 66 1.00 (referent)

Former 25 21 1.45 (0.67; 3.13) 57 55 1.09 (0.66; 1.82)

Current 9 11 1.00 (0.35; 2.92) 11 18 0.58 (0.25; 1.35)

p for trend 0.72 0.45

SCGB3A1 Never 39 19 1.00 (referent) 54 68 1.00 (referent)

Former 22 20 0.35 (0.14; 0.89) 45 62 0.92 (0.54; 1.59)

Current 14 8 0.46 (0.14; 1.50) 17 14 1.80 (0.79; 4.11)

p for trend 0.09 0.35

RARB Never 36 29 1.00 (referent) 58 80 1.00 (referent)

Former 27 18 1.19 (0.54; 2.62) 62 71 1.20 (0.74; 1.94)

Current 12 9 1.04 (0.36; 2.98) 10 22 0.59 (0.26; 1.36)

p for trend 0.84 0.59

GSTP1 Never 28 36 1.00 (referent) 63 74 1.00 (referent)

Former 29 17 2.18 (0.99; 4.79) 60 61 1.17 0.72; 1.92)

Current 15 9 2.17 (0.78; 6.04) 18 14 1.62 (0.74; 3.54)

p for trend 0.06 0.23

CDKN2A Never 26 27 1.00 (referent) 48 70 1.00 (referent)

Former 24 21 1.15 (0.51; 2.59) 57 49 1.69 (1.00; 2.89)

Current 13 8 1.59 (0.53; 4.72) 19 14 2.12 (0.96; 4.69)

p for trend 0.43 0.02

CCND2 Never 18 18 1.00 (referent) 41 36 1.00 (referent)

Former 13 14 0.80 (0.27; 2.33) 35 41 0.73 (0.38; 1.40)

Current 6 11 0.39 (0.11; 1.42) 9 9 1.02 (0.36; 2.92)

p for trend 0.17 0.66

BRCA1 Never 38 39 1.00 (referent) 76 78 1.00 (referent)

Former 23 32 0.75 (0.37; 1.52) 84 58 1.50 (0.94; 2.37)

Current 9 11 0.88 (0.31; 2.47) 17 24 0.75 (0.37; 1.53)

p for trend 0.60 0.86

FHIT Never 41 36 1.00 (referent)

Former 40 29 1.28 (0.66; 2.49)

Current 7 10 0.69 (0.24; 2.05)

p for trend 0.89

SYK Never 38 41 1.00 (referent) 79 85 1.00 (referent)

Former 31 22 1.60 (0.78; 3.27) 70 77 0.99 (0.63; 1.54)

Current 13 10 1.56 (0.59; 4.11) 14 28 0.56 (0.27; 1.16)

p for trend 0.23 0.22

a
Odds ratios (OR) for methylation above the median value and 95% confidence intervals (CI) were estimated with unconditional logistic regression 

model adjusted for age in years, estrogen receptor status, and lifetime pack-years. Abbreviations: M, median; OR, odds ratio; SFN, stratifin; 
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SCGB3A1, secretoglobin, family 3A, member 1; RARB, retinoic acid receptor, beta; GSTP1, glutathione S-transferase pi 1; CDKN2A, cyclin-
dependent kinase inhibitor 2A; CCND2, cyclin D2; BRCA1, breast cancer gene 1; FHIT, fragile histidine triad; SYK, spleen tyrosine kinase
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Table 5.

Association of cumulative secondhand smoke (SHS) exposure and lifetime pack-years active smoking (pkyrs) 

with breast tumor DNA methylation, postmenopausal cases, WEB study

Secondhand smoke Active smoking

SHS N OR
a 95% CI Pkyrs N OR

a 95% CI

>M <M >M <M

SFN

 None 10 8 1.00 (referent) None 63 66 1.00 (referent)

  ≤30 24 28 0.67 (0.23; 2.00) ≤18.9 30 38 0.82 (0.45; 1.49)

  >30 29 30 0.78 (0.27; 2.30) >18.9 38 35 1.12 (0.63; 1.99)

SCGB3A1

 None 10 6 1.00 (referent) None 54 68 1.00 (referent)

  ≤30 20 33 0.33 (0.10; 1.08) ≤18.9 30 35 1.10 (0.59; 2.05)

  >30 24 29 0.46 (0.14; 1.47) >18.9 32 41 1.05 (0.57; 1.91)

RARB

 None 8 11 1.00 (referent) None 59 80 1.00 (referent)

  ≤30 29 35 1.14 (0.40; 3.20) ≤18.9 34 44 1.04 (0.59; 1.82)

  >30 21 34 0.86 (0.30; 2.48) >18.9 37 49 1.01 (0.59; 1.75)

GSTP1

 None 9 7 1.00 (referent) None 63 75 1.00 (referent)

  ≤30 34 27 1.03 (0.34; 3.14) ≤18.9 36 38 1.16 (0.65; 2.04)

  >30 31 29 1.20 (0.39; 3.65) >18.9 42 36 1.42 (0.81; 2.49)

CDKN2A

 None 8 8 1.00 (referent) None 49 70 1.00 (referent)

  ≤30 27 23 0.85 (0.27; 2.62) ≤18.9 34 32 1.52 (0.83; 2.78)

  >30 35 17 0.48 (0.15; 1.51) >18.9 41 31 1.95 (1.07; 3.54)

CCND2

None 41 36 1.00 (referent)

≤18.9 22 22 0.87 (0.41; 1.85)

>18.9 22 28 0.71 (0.34; 1.46)

BRCA1

 None 14 5 1.00 (referent) None 76 79 1.00 (referent)

  ≤30 32 34 0.33 (0.11; 1.03) ≤18.9 52 36 1.54 (0.91; 2.63)

  >30 30 39 0.27 (0.09; 0.83) >18.9 49 45 1.15 (0.68; 1.92)

FHIT

None 41 36 1.00 (referent)

≤18.9 26 17 1.45 (0.67; 3.12)

>18.9 21 22 0.89 (0.42; 1.91)

SYK

 None 14 5 1.00 (referent) None 79 86 1.00 (referent)

  ≤30 34 38 0.29 (0.09; 0.92) ≤18.9 41 52 0.89 (0.53; 1.49)
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Secondhand smoke Active smoking

SHS N OR
a 95% CI Pkyrs N OR

a 95% CI

>M <M >M <M

  >30 31 42 0.23 (0.07; 0.73) >18.9 43 52 0.90 (0.54; 1.50)

a
Odds ratios (OR) for methylation above the median value and 95% confidence intervals (CI) were estimated with unconditional logistic regression 

model adjusted for age in years and estrogen receptor status. Abbreviations: SHS, secondhand smoke; M, median; OR, odds ratio; SFN, stratifin; 
SCGB3A1, secretoglobin, family 3A, member 1; RARB, retinoic acid receptor, beta; GSTP1, glutathione S-transferase pi 1; CDKN2A, cyclin-
dependent kinase inhibitor 2A; CCND2, cyclin D2; BRCA1, breast cancer gene 1; FHIT, fragile histidine triad; SYK, spleen tyrosine kinase
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