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FIGURES AND TABLES 

Western New York 
Exposures and Breast 
Cancer (WEB) Study 

=3,271 

Breast Cancer Cases 
= 1,170 (out of 

1,638) 

Tumor Blocks o Methylation Data 
=922 N =198 

BRCAJ RARP SYK 11 CDKN2A 11 SF 

ISCGN3Al 11 GSTPJ FHJT 11 CCND2 I 

Figure 1. Study sample selection from the Western New York Exposures and Breast Cancer 
(WEB) study. There were 1,170 women with a clinically diagnosed, incident breast cancer 
selected for the study. Tumor blocks were available from 922 cases. Tumor DNA methylation 
data was available for 724 of the tumor blocks. 
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Figure 2. The distribution ofpercent methylation for 11 candidate genes in the Western New 
York Exposures and Breast Cancer (WEB) study. Percent methylation is displayed for both 
parous and nulliparous women, for each gene. (-) represents the maximum and minimum value 
in the distribution. ( +) represents the 99th and 1st percentile in the distribution. The whiskers 
indicate 95th and 5th percentiles; box indicates the 75 th and 25 th. (*) represents the mean of the 
distribution. ESRJ and RASSFJ were excluded from all analyses because of an intraclass 
correlation coefficient value below 0.50 in duplicate samples. 
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Table 1. Descriptive characteristics of WEB study cases with methylation data (N = 724) 
available compared to those without (N = 446). 

Characteristic 

Race/Ethnicity, N (%) 
White 
Non-white 

Menopausal Status, N (%) 
Premenopausal 
Postmenopausal 

Age, years, Mean (SD) 

Years of Education, Mean (SD) 

BMI, kg/m2
, Mean (SD) 

Family History of Breast Cancer, 
N(¾) 

Yes 
No 

Age at Menopause, years, Mean 
(SD) 
Age at Menarche, years, Mean 
(SD) 

Number of Pregnancies 
(Gravidity), Mean (SD) 

Number of Births (FT, PT, SB, 
And Born but Died) (Parity), 
Mean (SD) 

Time since Last Pregnancy, 
years, Mean (SD) 

Age at First Birth, categories, N 
(%) 

No Child 
' l - 23 Pre ' or ' 1 - 21 Post' 
'24 - 27 Pre ' or '22 - 25 Post' 
'28+ Pre ' or '26 Post' 

Breastfed Child, N (%) 
Ever 
Never 

WEB study Cases with 
Methylation Data 

(N = 724) 

672 (92.82) 
52(7.18) 

227 (31.35) 
497 (68.65) 

57.32 (11.36) 

13 .56 (2.57) 

28.25 (6.12) 

137 (20.24) 
540 (79.76) 

48.28 (5.43) 

12.59 (1.62) 

2.83 (1.93) 

2.32 (1.63) 

26.08 (11.89) 

123 (16.99) 
214 (29.56) 
216 (29.83) 
171 (23.62) 

249 (34.39) 
475 (65.61) 

V 

WEB study Cases 
without Methylation 

Data 
(N = 446) 

405 (90.81) 
41 (9.19) 

99 (22.20) 
347 (77.80) 

59.01 (10.67) 

13 .32 (2.54) 

28.65 (6.16) 

85 (21.20) 
316 (78.80) 

48.28 (5 .39) 

12.52 (1.55) 

2.85 (2.08) 

2.37 (1.79) 

28.18 (11.40) 

83 (18.61) 
139 (31.17) 
122 (27.35) 
102 (22.87) 

153 (34.30) 
293 (65.70) 

p-values* 

0.22 

< 0.01 

0.01 

0.13 

0.27 

0.71 

0.99 

0.48 

0.84 

0.66 

< 0.01 

0.73 

0.98 



Hormone Receptor Status, N (%) 
ER+/ 
ER 
PR+/ 
PR 
HER2+/ 
HER2-

Tumor Size, N (%) 
Less than 2 cm 
Greater than 2cm 

511 (70.97) 241 (69.45) 0.61 
209 (29.03) 106 (30.55) 
467 (65.77) 189 (55.92) < 0.01 
243 (34.23) 149 (44.08) 

54 (9.14) 20 (12.50) 0.21 
537 (90.86) 140 (87.50) 

425 (71.19) 236 (76.38) 0.096 
172 (28.81) 73 (23.62) 

*P-value for differences between the WEB study participants who had methylation data available compared to those who did not was calculated 
from !-tests for continuous variables and chi-square tests for categorical variables 

vi 



Table 2. Comparisons of WEB study cases : parous and nulliparous, and breastfeeding to non-
breastfeedin cases. 

Characteristic 

Race/Ethnicity, N (%) 
White 
Non-white 

Menopausal Status, N (%) 
Premenopausal 
Postmenopausal 

Age, years, Mean (SD) 

Years of Education, Mean (SD) 

BMI, kg/m2
, Mean (SD) 

Family History of Breast Cancer, 
N(¾) 

Yes 
No 

Age at Menopause, years, Mean 
(SD) 
Age at Menarche, years, Mean 
(SD) 

Number of Births (FT, PT, SB, 
And Born but Died) (Parity), 
Mean(SD) 

Time since Last Pregnancy, 
years, Mean (SD) 

Age at First Birth, categories, N 
(%) 

No Child 
' 1 - 23 Pre ' or ' 1 - 21 Post' 
' 24 - 27 Pre ' or '22 - 25 Post' 
'28+ Pre ' or ' 26 Post' 

Hormone Receptor Status, N (%) 
ER+/ 
ER 
PR+/ 
PR 
HER2+/ 

Nullil!arous 
(N = 123} 

115 (93 .50) 
8 (6.50) 

38 (30.89) 
85 (69.11) 

56.75 (11.70) 

14.44 (2. 76)* 

27.37 (5 .70) 

29 (24.58) 
89 (75.42) 

48.33 ( 4. 78) 

12.60 (1.54) 

NA 

NA 

NA 
NA 
NA 
NA 

96 (78.69)* 
26 (21.31)* 
85 (70.83) 
35 (29.17) 
13 (12.87) 

Never Breastfed 
(N = 352) 

319 (90.63)# 
33 (9.38) 

94 (26.70)# 
258 (73.30)# 

57.99 (11.05) 

12.98 (2.33)# 

28.99 (6.27)# 

54 (16.31)# 
277 (83 .69)# 

47.91 (5 .97) 

12.54 (1.63) 

2.77 (1.39) 

27.63 (10.86)# 

NA 
137 (38 .92)# 
138 (39.20)# 
77 (21.88)# 

245 (70.00) 
105 (30.00) 
220 (63 .58) 
126 (36.42) 
22 (7.80) 

Parous (N = 601} 

Ever Breastfed Combined 
(N = 249) (N = 601) 

238 (95 .58)# 557 (92.68) 
11 (4.42) 44 (7.32) 

95 (38.15)# 189 (31.45) 
154 (61.85)# 412 (68.55) 

56.66 (11 .62) 57.44 (11.30) 

13 .96 (2.62)# 13.38 (2.50)* 

27.63 (6.00)# 28.42 (6.19) 

54 (23 .68)# 108 (19.32) 
174 (76.32)# 451 (80.68) 

48.89 (4.75) 48.27 (5 .56) 

12.66 (1.65) 12.59 (1.64) 

2.82 (1.36) 2.79 (1.37) 

24.24 (12.86)# 26.22 (11.85) 

NA NA 
77 (30.92)# 214 (35.61) 
78 (31.33)# 216 (35.94) 
94 (37.75)# 171 (28.45) 

170 (68 .55) 415 (69.40)* 
78 (31.45) 183 (30.60)* 
162 (66.39) 382 (64.75) 
82 (33 .61) 208 (32.25) 
19(9.13) 41 (8 .37) 

vii 



88 (87.13) 260 (92.20) 189 (90.87) 449 (91.63) 

Tumor Size, N (%) 
Less than 2 cm 70 (71.43) 193 (67.96) 162 (75.35) 355 (71.14) 
Greater than 2cm 28 (28.57) 91 (32.04) 53 (24.65) 144 (28.86) 

Percent Methylation, Median 
(Mean) 

BRCAl 3.32 (8.45) 4.55 (9.41) 4.37 (7.21) 4.47 (8.52) 
CCND2 6.38 (12.71) 9.79 (15 .54) 10.58 (16.58) 10.00 (15 .99) 
CDKN2A 2.81 (5 .86) 2.65 (4.25) 2.50 (4.95) 2.59 (4.55) 
FHIT 8.06 (13 .03) 6.48 (11.25) 4.64 (11.43) 4.97 (11 .32) 
GSTPl 7.30 (12.20) 6.14(11.57) 6.95 (11.35) 6.69 (11.48) 
RARB 4.57 (10.46) 3.38 (9.35) 4.52 (9.85) 4.02 (9.55) 
SCGB3Al 65.71 (66.13) 65.01 (63.51) 65 .27 (64.41) 65.12 (63 .89) 
SFN 50.58 (52.88) 55.09 (54.27) 56.22 (53 .93) 55.30 (54.13) 
SYK 2.81 (3 .71) 2.43 (4.21) 2.72 (4.08) 2.46 (4.16) 

P-values for differences between parous versus nulliparous women were calculated from I-tests for continuous variables and chi-square tests for 
categorical variables. Kruskal-Walli s Test was performed to compare parous and nulliparous women with respect to median methylation. 
# ~ significant difference between ever vs. never breastfed categories (p < 0.05) 
* ~ significant difference between parous and nulliparous women (p < 0.05) 
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Table 3. High compared to low tumor DNA methylation of candidate genes : associations with 
2arity and lactation. 

Higher Methylation Lower Methylation Crude Odds Ratios Adjusted Odds Ratios A 

Cases Cases (95% CI) (95% CI) 
(N > Median) (N < Median) 

BRCAl 
Number of Births 

Nulliparous 40 59 Ref erent Ref erent 
Parous 256 238 1.59 (1.02 - 2.46) 1.55 (0.99 - 2.42) 

1-2 126 118 1.58 (0.98 - 2.53) 1.58 (0.98 - 2.55) 
3+ 130 120 1.60 (0.99 - 2.56) 1.51 (0.93 - 2.45) 

Breastfeeding 
Never 194 198 Referent Ref erent 
Ever 102 99 1.05 (0.75 - 1.48) 1 .06 (0. 76 - 1.50) 

CCND2 
Number of Births 

Nulliparous 22 30 Ref erent Ref erent 
Parous 148 140 1.44 (0.79 - 2.62) 1.35 (0.72 - 2.51) 

1-2 77 75 1.40 (0.74 - 2.64) 1.44 (0. 74 - 2. 79) 
3+ 71 65 1.49 (0.78 - 2.84) 1.25 (0.63 - 2.45) 

Breastfeeding 
Never 106 111 Ref erent Ref erent 
Ever 64 59 1.14 (0.73 -1.77) 1.19 (0.76 - 1.87) 

CDKN2A 
Number of Births 

Nulliparous 50 43 Ref erent Ref erent 
Parous 225 232 0.83 (0.53 - 1.30) 0.81 (0.52 - 1.27) 

1-2 114 108 0.91 (0.56 - 1.48) 0.90 (0.55 - 1.46) 
3+ 111 124 0. 77 (0.48 - 1.25) 0.73 (0.45 -1.19) 

Breastfeeding 
Never 184 173 Referent Ref erent 
Ever 91 102 0.84 (0.59 - 1.19) 0.85 (0.60 - 1.21) 

FHIT 
Number of Births 

Nulliparous 32 23 Ref erent Ref erent 
Parous 112 121 0.67 (0.37 - 1.21) 0.68 (0.37 - 1.24) 

1-2 49 67 0.53 (0.27 - 1.01) 0.56 (0.29 - 1.07) 
3+ 63 54 0.84 (0.44 - 1.60) 0.84 (0.43 - 1.63) 

Breastfeeding 
Never 103 95 Ref erent Ref erent 
Ever 41 49 0. 77 (0.4 7 - 1.27) 0.78 (0.47 - 1.28) 
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GSTPl 
Number of Births 

Nulliparous 45 43 Ref erent Ref erent 
Parous 216 218 0.95 (0.60 - 1.50) 0.89 (0.55 - 1.41) 

1-2 117 107 1.05 (0.64- 1.71) 0.99 (0.60 - 1.62) 
3+ 99 111 0.85 (0.52 - 1.40) 0.78 (0.46 - 1.30) 

Breastfeeding 
Never 173 176 Ref erent Ref erent 
Ever 88 85 1.05 (0.73 - 1.51) 1.07 (0. 74 - 1.55) 

RARB 
Number of Births 

Nulliparous 46 42 Ref erent Ref erent 
Parous 215 219 0.90 (0.57 - 1.42) 1.01 (0.63 - 1.62) 

1-2 103 106 0.89 (0.54 - 1.46) 0.94 (0.57 - 1.56) 
3+ 112 113 0.91 (0.55 - 1.48) 1.08 (0.65 - 1.81) 

Breastfeeding 
Never 165 179 Ref erent Ref erent 
Ever 96 82 1.27 (0.88 - 1.83) 1.21 (0.84 - 1.74) 

SCGB3Al 
Number of Births 

Nulliparous 39 30 Ref erent Ref erent 
Parous 194 203 0.74 (0.44- 1.23) 0.68 (0.40 - 1. 15) 

1-2 101 99 0. 79 (0.45 - 1.36) 0.73 (0.42 - 1.28) 
3+ 93 104 0.69 (0.40 - 1.20) 0.63 (0.35 - 1.11) 

Breastfeeding 
Never 149 149 Ref erent Ref erent 
Ever 84 84 1.00 (0.69 - 1.46) 1.04 (0. 71 - 1.52) 

SFN 
Number of Births 

Nulliparous 34 48 Ref erent Ref erent 
Parous 210 196 1.51 (0.94 - 2.45) 1.65 (1.01 - 2.69) 

1-2 105 99 1.50 (0.89 - 2.51) 1.54 (0.91 - 2.61) 
3+ 105 97 1.53 (0.91 - 2.57) 1.78 (1.04 - 3.04) 

Breastfeeding 
Never 153 162 Referent Referent 
Ever 91 82 1.18 (0.81 - 1.70) 1.12 (0.77 - 1.64) 

SYK 
Number of Births 

Nulliparous 54 50 Ref erent Ref erent 
Parous 254 258 0.91 (0.60 - 1.39) 0.92 (0.60 - 1.41) 

1-2 136 123 1.02 (0.65 - 1.61) 1.03 (0.65 - 1.63) 

X 



3+ 118 135 0.81 (0.51 - 1.28) 0.81 (0.51 - 1.29) 

Breastfeeding 
Never 
Ever 

198 
110 

207 
101 

Referent 
1.14 (0.82 - 1.59) 

Referent 
1.14 (0.81 - 1.59) 

A Adjusted for age (years) and years of education. p < 0.05 
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Table 4. Stratum-specific estimates evaluating possible confounding and effect measure 
modification of estrogen receptor (ER) status on the association between parity and gene 
methylation. 

Higher 
Methylation Cases 

N > Median 

BRCAl 
ER Positive ( +} 

Nulliparous 34 
Parous 178 

ER Negative(-} 
Nulliparous 6 
Parous 76 

CCND2 
ER Positive (+1 

Nulliparous 20 
Parous 105 

ER Negative(-} 
Nulliparous 2 
Parous 43 

CDKN2A 
ER Positive (+1 

Nulliparous 36 
Parous 148 

ER Negative(-} 
Nulliparous 13 
Parous 74 

FHIT 
ER Positive (+1 

Nulliparous 28 
Parous 75 

ER Negative(-} 
Nulliparous 4 
Parous 36 

GSTPl 
ER Positive (+1 

Nulliparous 34 
Parous 152 

ER Negative(-} 
Nulliparous 10 
Parous 64 

RARB 
ER Positive ( +} 

Lower 
Methylation 

Cases 
N < Median 

44 
165 

15 
73 

22 
92 

8 
47 

36 
169 

7 
63 

18 
81 

5 
39 

35 
147 

8 
70 

Unadjusted Odds 
Ratios 

(95% CI) 

Breslow-Day 
Test (p-value) 

Referent 
1.40 (0.85 - 2.29) 

Referent 
2.60 (0.96 - 7.07) 

0.27 

Referent 
1.26 (0.64 - 2.45) 

Referent 
3.66 (0.74 - 18.19) 

0.22 

Referent 
0.88 (0.53 - 1.46) 

Referent 
0.63 (0.24 - 1.68) 

0.56 

Referent 
0.60 (0.31 - 1.16) 

Referent 
1.15 (0.29 - 4.64) 

0.40 

Referent 
1.06 (0.63 - 1.80) 

Referent 
0.73 (0.27 - 1.97) 

0.51 
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Nulliparous 33 37 Referent 
Parous 144 157 1.03 (0.61 - 1.73) 

ER Negative(-} 0.16 
Nulliparous 13 5 Referent 
Parous 70 61 0.44 (0.15 -1.31) 

SCGB3Al 
ER Positive ( +} 

Nulliparous 33 19 Referent 
Parous 148 127 0.67 (0.36 - 1.24) 

ER Negative(-} 0.43 
Nulliparous 6 11 Referent 
Parous 45 75 1.10 (0.38 - 3.18) 

SFN 
ER Positive ( +} 

Nulliparous 25 38 Referent 
Parous 133 142 1.42 (0.82 - 2.49) 

ER Negative(-} 0.83 
Nulliparous 9 10 Referent 
Parous 77 53 1.61 (0.61 - 4.24) 

SYK 
ER Positive ( +} 

Nulliparous 43 40 Referent 
Parous 180 177 0.95 (0.59 - 1.53) 

ER Negative(-} 0.66 
Nulliparous 11 9 Referent 
Parous 73 80 0.75 (0.29 - 1.91) 

P-value for the Breslow-Day test indicates significance difference in the stratum-specific odds ratios. Non-significant values indicate no 
difference between strata on the exposure between parity and gene methylation. Pooled estimate is used to assess confounding. 
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Table 5. Stratum-specific estimates evaluating possible confounding and effect measure 
modification of menopausal status on the association between parity and gene methylation. 

High Methylation 
Cases 

N > Median 
BRCAl 
Premenogausal 

Nulliparous 16 
Parous 74 

Postmenogausal 
Nulliparous 24 
Parous 182 

CCND2 
Premenogausal 

Nulliparous 4 
Parous 48 

Postmenogausal 
Nulliparous 18 
Parous 100 

CDKN2A 
Premenogausal 

Nulliparous 4 
Parous 48 

Postmenogausal 
Nulliparous 34 
Parous 151 

FHIT 
Premenogausal 

Nulliparous 8 
Parous 32 

Postmenogausal 
Nulliparous 24 
Parous 80 

GSTPl 
Premenogausal 

Nulliparous 19 
Parous 67 

Postmenogausal 
Nulliparous 26 
Parous 149 

RARB 
Premenogausal 

Nulliparous 18 
Parous 72 

Low Methylation 
Cases 

N < Median 

18 
79 

41 
159 

13 
48 

17 
92 

13 
48 

29 
160 

8 
42 

15 
79 

9 
73 

34 
145 

10 
58 

Unadjusted Odds 
Ratios 

(95% CI) 

Breslow-Day 
Test (p-value) 

Referent 
1.05 (0.50 - 2.22) 

Referent 
1.96 (1. 13 - 3.38) 

0.19 

Referent 
3.25 (0.99 - 10.68) 

Referent 
1.03 (0.50 - 2.11) 

0.10 

Referent 
0.90 (0.41 - 1.98) 

Referent 
0.81 (0.4 7 - 1.39) 

0.82 

Referent 
0.76 (0.26 - 2.25) 

Referent 
0.63 (0.31 - 1.30) 

0.78 

Referent 
0.44 (0.18 - 1.03) 

Referent 
1.34 (0. 77 - 2.35) 

0.03 

Referent 
0.69 (0.30 - 1.61) 
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Postmenogausal 0.45 
Nulliparous 28 32 Referent 
Parous 143 161 1.02 (0.58 - l.77) 

SCGB3Al 
Premenogausal 

Nulliparous 15 10 Referent 
Parous 74 54 0.91 (0.38-2.19) 

Postmenogausal 0.58 
Nulliparous 24 20 Referent 
Parous 120 149 0.67 (0.35 - 1.27) 

SFN 
Premenogausal 

Nulliparous 13 13 Referent 
Parous 71 66 1.08 (0.47 - 2.49) 

Postmenogausal 0.33 
Nulliparous 21 35 Referent 
Parous 139 130 1.78 (0.99 - 3.22) 

SYK 
Premenogausal 

Nulliparous 20 11 Referent 
Parous 84 78 0.59 (0.27 - 1.32) 

Postmenogausal 0.21 
Nulliparous 34 39 Referent 
Parous 170 180 1.08 (0.65 - 1.80) 

P-value for the Breslow-Day test indicates significance difference in the odds ratios for the stratified variable. Non-significant values indicate no 
difference between strata on the exposure between parity and gene methylation. Pooled estimate is used to assess confounding. 
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ABSTRACT 

Childbearing has been shown to be protective against breast cancer risk, although there is a 

transient increase in risk immediately after giving birth [16, 33-36, 51]. There is evidence that 

epigenetic changes may be one mechanism responsible for this reduction in pregnancy-related 

breast cancer risk, although the mechanism is not clearly understood. We investigated the 

association between having borne children (nulliparous/parous) and breastfeeding (never/ever 

breastfed) together, and independently, with tumor DNA methylation of SCGB3Al, GSTPJ, 

RARB, SYK, FHIT, CDKN2A, CCND2, BRCAJ and SFN. Our case-only analysis utilized tumors 

from 724 breast cancer cases in the Western New York Exposures and Breast Cancer (WEB) 

study. Extensive in-person interviews and self-administered questionnaires were used to assess 

the main predictor variables, parity and breastfeeding. Tumor DNA methylation was 

quantitatively measured using bisulfite pyrosequencing. Unconditional logistic regression (OR) 

was used to calculate the odds of tumor DNA methylation in parous versus nulliparous women, 

and ever versus never breastfed exposure categories. We found that BRCAJ methylation was 

higher in parous women, OR= 1.59 (95% CI: 1.02 - 2.46). SFN methylation was also higher in 

parous women after adjusting for both age and years of education, OR= 1.65 (95% CI: 1.01 -

2.69). There was no association between parity and the methylation of CCND2, CDKN2A , FHIT, 

GSTPJ, RARB, SYK, or SCGB3Al. Furthermore, there were no statistically significant 

associations between breastfeeding and tumor methylation of any gene in this study. Further 

investigation on the association between parity and tumor methylation of these genes, as well as 

a wider range of loci, will further help us understand the role of epigenetics as a mechanism 

explaining parity and breastfeeding in breast cancer risk. 

xvi 



BACKGROUND 

Breast Cancer 

Breast cancer is the most common type of cancer and the second leading cause of cancer 

death in women in the United States [1]. According to the American Cancer Society, 

approximately one in eight women in the United States will develop invasive breast cancer in her 

lifetime [3]. Based on estimates from the Surveillance, Epidemiology, and End Results (SEER) 

Program, there were 3,327,552 women living with breast cancer in the United States in 2014 

[ 43]. There were an estimated 252,710 incident cases of invasive breast cancer diagnosed in 

women in 2017, and about 40,610 will die from the disease [2, 3]. Successes in early screening, 

detection, and improvements in treatment have resulted in a reduction of mortality rates in the 

United States since 2007 [1 , 2, 5]. 

New York State had the 13th highest ranked age-adjusted breast cancer incidence rate 

among all states in the United States as of2015 , with 128.5 cases per 100,000 women [4, 6]. 

Within New York State, Erie and Niagara counties far exceed the statewide and national average 

incidence rates . In 2013 , 139.4 and 138.0 cases ofbreast cancer were diagnosed per 100,000 

women in Erie and Niagara Counties, respectively [5]. Because of the high prevalence and 

incidence ofbreast cancer in the United States, it is important to understand the etiology of 

breast tumorigenesis in order to design the most appropriate approach for prevention and 

intervention. 

In breast cancer, the breast cells multiply at an abnormally rapid rate to form a tumor. 

Several mechanisms which contribute to carcinogenesis include point mutations, gene 

amplification, chromosomal rearrangements, and aberrant methylation. These genetic 
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modifications can affect anything from cellular differentiation and protein expression to making 

the genome more physically accessible to carcinogens. Renegade cells then have the potential to 

be self-sufficient, insensitive to negative signals, evade apoptosis and invade surrounding tissue. 

The most common form ofbreast cancer begins in cells lining the milk ducts ( ductal 

carcinoma) but it can also develop in the glands that produce milk (lobular carcinoma) [2 , 7]. 

Approximately 1 in 5 newly diagnosed breast cancer cases will be ductal carcinoma in situ 

(DCIS), meaning the cancerous cells lining the milk ducts have not invaded outside the duct. The 

natural history ofDCIS is poorly understood because most cases can be managed successfully 

before they evolve into an invasive tumor [ 44]. 

Clinicopathological characteristics such as age at diagnosis, tumor size, nodal status, 

histologic grade, hormonal receptor status, human epidermal growth factor receptor 2 (HER2) 

expression, TNM stage and nuclear grade, are connected to breast cancer prognosis [2 , 8-11 , 45]. 

TNM staging is an indicator of how widespread the cancer is and is an important factor in 

deciding how to treat a cancer [2]. Breast cancer is staged from Oto IV according to the size of 

the breast tumor (T), whether the cancer has reached nearby lymph nodes (N), and whether the 

cancer has metastasized (M) [45]. The prognosis and 5-year survival rate vary by the stage of the 

cancer. The 5-year survival for women with stage O and I breast cancer is close to 100%. For 

women with stage II, the 5-year survival is approximately 93%, and for stage III and IV breast 

cancer, the 5-year survival rates are 72% and 22%, respectively [ 45]. 

Tumors are also divided into subtypes based on whether they express the estrogen 

receptor (ER), progesterone receptor (PR), and/or human epidermal growth factor type 2 receptor 

(HER2/neu). The four major breast cancer subtypes are Luminal A, Luminal B, HER2 

overexpressing, and Triple Negative breast cancer [12]. Luminal A subtypes are positive for ER 
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and PR, negative for HER2. Luminal B tumors are ER+, PR- and HER2+. These two subtypes 

generally have better prognosis; they are less aggressive and more responsive to endocrine 

therapy [12]. The overexpression ofHER2 is associated with poorer short-term survival; tending 

to grow and spread more aggressively [12]. Triple Negative Breast Cancer (TNBC) represents 

approximately 10-20% of all breast cancer diagnoses [12]. Patients suffering from this cancer 

subtype have the poorest prognosis and tend to develop aggressive tumors earlier in life, have an 

increased risk of tumor recurrence, and an increased risk of dying as a consequence of relapse 

[12, 13]. 

Role ofDNA Methylation in Breast Cancer 

Altered methylation is an established mechanism of carcinogenesis. In human breast 

tumors, there are frequently aberrant methylation of proto-oncogenes and tumor suppressor 

genes. These genes include those in pathways for DNA repair, cellular homeostasis, cell 

invasion/metastasis, cell-cycle regulation, and apoptosis. DNA hypomethylation has been shown 

to be associated with gene activation, leading to overexpression ofproto-oncogenes, increased 

mutation rates and chromosomal inactivation [25]. DNA hypermethylation is associated with 

gene repression and reduced chromatin compaction, potentially leading to downregulated tumor

suppressor genes [25]. More than 100 commonly studied genes have been reported to be either 

hypo- or hyper- methylated in breast tumors [26]. Lifestyle factors can modify the epigenome 

with potential influence on breast cancer risk [60]. For example, waist-to-hip ratio has been 

shown to be associated with DNA promoter methylation [22] and promoter methylation 

likelihood is influenced by higher alcohol intake in E-cadherin and p 16 [23]. 
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Similar to breast cancer etiology, it is reported that the development of colorectal cancer is 

influenced by genetic and epigenetic events that may be influenced by lifestyle exposures [32]. 

CpG island methylator phenotype (CIMP) is a subset of colorectal cancers characterized by 

epigenetic instability with hypermethylation ofpromoter CpG island sites. The altered 

methylation results in the inactivation of tumor suppressor genes or other tumor-related genes 

[32]. In CIMP colorectal cancer, epigenotypes and clinicopathological characteristics are used as 

biomarkers for early detection, response to therapy, prognosis, and survival [32]. As the risk 

factors and causes of colorectal cancer remain unknown, analyzing tumor heterogeneity by 

aberrant methylation and pathology may contribute to a personalized medicine approach. The 

understanding of the role of methylation in breast cancer is less well developed than for 

colorectal cancer, but the approach to analyzing tumor characteristics and epigenetic profiles 

should be similar. Further investigation into breast tumor heterogeneity and how risk exposures 

can influence the epigenetic profile of breast tumors is potentially pivotal. 

Risk Factors 

There are many established risk factors in breast cancer etiology including age, family 

history ofbreast cancer, reproductive risk factors , pregnancy-related risk factors , lifestyle 

factors , and environmental exposures [1-4, 7, 14-24, 46-49]. 

Age is a known risk factor in most disease pathways, including breast cancer. Approximately 

two thirds of invasive breast cancers are found in postmenopausal women [2]. Well-established 

age-related risk factors associated with reproduction include the woman's age at menarche, age 

at menopause, and age at first full-term pregnancy [3 , 5, 14-16, 49]. Generally, the younger a 
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woman is when she has her first full-term pregnancy, the lower her risk ofbreast cancer [16]. 

This is hypothesized to be the result of lower hormone exposure and the terminal differentiation 

ofbreast tissue during pregnancy. Furthermore, the later a woman's age at menopause, the 

higher her risk ofbreast cancer, likely due to the length of a woman's total number of 

reproductive years and hormones associated with ovulation. In one study, for every 5-year 

difference in a woman's age at menopause, the risk for breast cancer increased approximately 17 

percent [15]. Researchers who performed a pooled meta-analysis of 117 epidemiological studies, 

reported that breast cancer risk increased by a factor of 1.050 (95% CI: 1.044 - 1.032) for every 

year younger at menarche, and independently by a smaller amount, 1.029 (95% CI: 1.025-1.032) 

for every year older at menopause [ 49]. Because of the increased risk associated with age and 

the overall timing of hormonal exposures, it is important to consider age and menopausal status 

as potential confounders in models ofbreast cancer tumorigenesis. 

Genetic factors can contribute to breast cancer risk. Generally, women who have a first 

degree relative with either bilateral breast cancer or breast cancer diagnosed before the age of40 

years, have more than a two-fold increased risk of developing breast cancer compared to the 

population risk [16]. In the prospective follow-up ofNurses ' Health Study participants, 

compared to women with no family history, those whose mother was diagnosed before age 50 

had an adjusted relative risk of 1.69 (95% CI: 1.39-2.05) and those whose mother was diagnosed 

at 50 or older had a relative risk of 1.37 (95% CI: 1.22-1.53) [46]. Investigators from the Nurses ' 

Health Study also showed that history ofbreast cancer in a sister was associated with increased 

relative risk ofbreast cancer; 1.66 (95% CI: 1.38-1.99) for those whose sister was diagnosed 

before age 50 and 1.52 (95% CI: 1.29-1. 77) for those with sister diagnosed at age 50 or older 
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[ 46]. The finding on familial history as a predictor ofbreast cancer risk from the Nurses ' Health 

Study is consistently supported throughout the literature. 

Five to ten percent of all breast cancer cases are attributable to two susceptibility genes, 

BRCAI and BRCA2, which are believed to be involved in DNA repair [7]. Authors of a study 

examining breast cancer risk in Ashkenazi Jewish women, found that mutations in BRCAJ and 

BRCA2 increased risk of developing breast cancer by age 50 by 60%, and by more than 80% by 

age 70 [17]. The same authors reported that both genes also increase the risk ofrecurrent breast 

cancer and the incidence of additional cancers. The lifetime risk of ovarian cancer was 54% for 

BRCAJ and 23% for BRCA2 mutation carriers [17]. Although the BRCA genes are the most well

established genes associated with breast cancer risk, hundreds of genes are believed to be 

involved in breast tumorigenesis [ 4 7-48]. 

Pregnancy characteristics (e.g., weight gain during pregnancy and pregnancy-related nausea 

and vomiting) and their association with breast cancer risk has been reported [24] . Brasky et al. 

found that pregnancy-related nausea and vomiting were associated with a reduction in breast 

cancer risk [24]. Few studies have looked at these associations and findings are inconsistent [29]. 

Other established risk factors for breast cancer include environmental exposures to high 

doses of ionizing radiation, alcohol consumption, physical inactivity, BMI (postmenopausal 

breast cancer only), and postmenopausal hormone use (18-23 , 50). With the exception of 

ionizing radiation which damages DNA, the biological basis connecting most of these exposures 

to breast cancer risk likely includes their influence on hormones and hormone regulation. 

Findings have been inconsistent regarding oral contraceptive use and breast cancer risk. 

Beaber et al. showed that women who used birth control pills within the previous year had a 50% 

increase in the risk ofbreast cancer compared to women who had never or had formerly used 
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birth control pills [31]. Furthermore, investigators from the Nurses ' Health Study reported that 

past use of any birth control pill was not linked to breast cancer risk, but also suggested that 

current use slightly increased risk [30]. Authors of a review of 54 studies in 1996 reported that 

women have a slightly higher risk ofbreast cancer while they're taking birth control pills that 

contain both estrogen and progestin, and higher risk during the 10 years after they stop taking the 

pills [30]. Most reports appear to show an increased risk ofbreast cancer with oral contraceptive 

use, but the strength of this association remains controversial. 

Association between Parity and Breast Cancer Risk 

Childbearing is known to protect against breast cancer [16, 33-36, 51]. There is a transient 

increase in the risk ofbreast cancer immediately after giving birth but the risk is lowered later 

[ 51]. The plausible biologic mechanism explaining this phenomenon is that pregnancy may 

stimulate the growth of cells that have undergone early malignant transformation, resulting in an 

increased short-term risk of breast cancer [51]. Conversely, pregnancy is associated with long 

term protection; the mechanism is not known. One potential mechanism is that the pregnancy 

induces differentiation of mammary stem cells, rendering the tissue less susceptible to 

carcinogenic agents [33 , 51]. Russo and Russo observed decreased tumor incidence when mice 

and rats were injected with chemical carcinogens after pregnancy and lactation [33]. 

Administration of a single dose ofDMBA to parous rats induced a much lower incidence of 

mammary carcinomas [33]. In human populations, compared with nulliparous women, uniparous 

women who gave birth between 25 and 35 years of age had an increased risk around 5 years after 

delivery but lower risk in the long term [34]. This may also explain the increased incidence of 
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breast cancer with poorer prognosis in nulliparous women. This proposed mechanism and its 

association on breast cancer risk is supported in epidemiologic studies. Investigators of the 

African American Breast Cancer Epidemiology and Risk (AMBER) Consortium examined 

possible associations between the number ofbirths and tumor receptor status in African 

American women with breast cancer. The OR for ever-parous compared to nulliparous women in 

this study in relation to ER positive breast cancer was 0.92 (95% CI: 0.81 - 1.03) [54]. However, 

the OR for ever- vs . never-parous women in relation to triple-negative breast cancer was 1.37 

(95% CI: 1.06 - 1.79) [54]. The authors showed that there is a decrease in risk ofER positive 

breast cancers in parous women, but that there may also be increased risk ofbreast cancers with 

a poorer prognosis in parous women. These findings may suggest that the protection conferred 

by parity are subtype specific. Britt et al. reported that women who have their first full-term 

pregnancy before the age of 20, have approximately half of the risk for devloping breast cancer 

compared to nulliparous women, and that additional pregnancies further accentuate the 

protection against breast cancer [35]. In conclusion, pregnancy, particularly at younger ages, is 

associated long term with decreased breast cancer risk. 

Association between Lactation and Breast Cancer 

The literature on breastfeeding also suggests that there is a protective association with breast 

cancer risk although the findings have been inconsistent [39-42, 52]. Breastfeeding is 

hypothesized to reduce the risk ofbreast cancer through two mechanisms: facilitating 

differentiation ofmammary cells and reducing the number of lifetime ovulatory cycles [40] . Like 

parity, lactation is thought to contribute to the differentiation ofbreast tissue. In later pregnancy, 
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breast tissue development is characterized by the initiation of milk secretion [ 41]. Breastfeeding 

may continue the process of cellular differentiation and extend the duration of time during which 

breast tissue is in its secretory stage [ 41]. So, while in the secretory stage, differentiation 

continues conferring protection against breast cancer. The second hypothesized mechanism to 

explain the protective effect ofbreastfeeding on breast cancer risk is a lactation associated 

decrease in the number of ovulatory cycles over a lifetime [ 40]. Ovulation is associated with 

changes in breast tissue during the luteal phase of a menstrual cycle and increased hormone 

exposure [ 40]. Ovulatory cycling is halted during pregnancy and lactation and may thus confer 

significant protection against cancer risk by reducing hormone exposure [ 40]. Anovulation may 

also be caused by contraceptive use, very low or high BMI, and the age at menarche and 

menopause, so when looking at the effect ofbreastfeeding and breast cancer risk, it is important 

to consider these variables as potential confounders. Although the proposed mechanism is mostly 

the result of findings in animal models, there are corollaries in human populations. Long-term 

follow-up of atomic bomb survivors from Hiroshima revealed an inverse association between 

breast cancer risk and the number ofbirths and total, cumulative period ofbreast feeding [ 42] . 

Zhou et al. performed a meta-analysis of 27 studies involving 13,907 breast cancer cases [39]. 

The summary relative risk ofbreast cancer for the ever compared with never categories of 

breastfeeding in this study was 0.61 (95%CI: 0.44-0.85) [39]. An inverse association was also 

found for the longest compared with the shortest duration ofbreastfeeding with the risk ofbreast 

cancer (RR=0.47, 95% CI: 0.37-0.60) [39]. In another analysis of47 epidemiological studies, 

investigators reported that the relative risk ofbreast cancer decreased by 4.3% (95% CI: 2.9-5 .8) 

for every 12 months of breastfeeding in addition to a decrease of 7.0% (95% CI: 5.0-9.0) for 
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each birth [52]. These findings taken together suggest an inverse association between breast 

cancer risk and lactation. 

Rationale for Investigating the Association of 

Parity and Lactation on Gene Hypermethylation 

Parity has been reported to induce changes in chromatin structure and is associated with 

decreased long-term breast cancer risk. Similarly, breastfeeding has been shown to confer a 

protective association on breast cancer risk. The mechanisms for the observations with both 

parity and lactation are not well understood. There is evidence that epigenetic changes may be 

one mechanism responsible for the reduced breast cancer risk associated with pregnancy [38]. 

There are changes in chromatin structure induced by parity [36-38]. During pregnancy and 

lactation, DNA in the milk ducts are hypomethylated to allow expression of genes controlling 

remodeling of the gland and milk production [36]. Some of the changes associated with 

pregnancy are persistent. In nulliparous women, breast epithelium is euchromatic, meaning there 

is reduced chromatin compaction and possibly active transcription ofproto-oncogenes [38]. 

Conversely, the breast epithelium from parous women has heterochromatic nuclei and strong 

repressive methylation ofhistones [38]. Ghosh et al. isolated all methylated DNA in parous and 

nulliparous women and identified FOXAJ as hypermethylated and possibly silenced in parous 

women [37]. It is likely that epigenetic regulation plays a role in the parity-induced difference in 

breast cancer risk, although further investigation is needed. 

The mechanism behind breastfeeding, epigenetic modifications, and breast cancer risk, is not 

as clearly understood. It may be that changes in the breast epithelium altered during pregnancy, 
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are localized near genes with a role in milk production, cell proliferation, and epithelial 

differentiation. Epigenetic modifications may influence differentiation and proliferation of these 

lobules, potentially influencing milk secretion, how the breast epithelium responds to hormones, 

and development ofbreast cancer. Further investigation focused on breastfeeding-associated 

epigenetic regulations and breast cancer risk needs to be performed. 

It is our goal to examine the association between parity and lactation on the methylation 

of genes with a role in epithelial differentiation, cellular regulation, embryonic morphogenesis, 

and apoptosis . Since aberrant DNA methylation has been found to be associated with altered 

gene expression, tumor suppressor genes and those implicated in cell differentiation and 

regulation may be differentially methylated. Nine genes have previously been analyzed in the 

Western New York Exposures and Breast Cancer (WEB) study, including SCGB3Al , GSTPJ, 

RARB, SYK, FHIT, CDKN2A, CCND2, BRCAJ and SFN. SCGB3Al is a tumor suppressor gene 

that regulates epithelial cell differentiation. Previous findings from the WEB study indicate that 

methylation of SCGB3Al is associated with ER positive status [11 , 27]. Investigating the 

methylation pattern of this gene may provide insight into the differentiation ofbreast tissue 

during periods of high carcinogenic susceptibility, such as during pregnancy and lactation. 

Retinoic acid receptor~ (RARB) is a steroid hormone receptor that mediates cellular signaling in 

embryonic morphogenesis and cell growth and differentiation [11] . Previous findings from the 

WEB study show that RARB hypermethylation is related to unfavorable lymph node metastasis, 

higher tumor grade, and higher proliferation rate in women with invasive ductal carcinoma [ 11 , 

28]. SYK, which is a gene believed to restrain breast tumor invasion by controlling cell division, 

tended to be hypermethylated (OR=l.7, 95% CI: 1.2-3.6) in larger tumors (greater than 2 cm) in 

the WEB study. In addition to these findings , investigators showed that post-menopausal women 
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with vascular/lymph invasion were more likely to have high methylation of CCND2 (OR=2.2, 

95%CI: 1.0-4.5), which is a gene involved in the regulation of cyclin dependent kinases. [11]. 

These associations between DNA methylation and tumor characteristics in the WEB study 

support that there needs to be further investigation into factors contributing to epigenetic changes 

and its overall role on breast cancer risk. 

The influence of reproduction and its associated risk factors on the epigenome remains 

understudied, particularly long-term effects. We hypothesize that breast tumors from parous 

women who have breastfed will be more likely to have aberrant methylation for the genes under 

study compared to the tumors from nulliparous women. To separate the effect of breastfeeding, 

we will also compare parous women who have never breastfed to those who did breastfeed. This 

study might help us understand the interrelations of parity and lactation with DNA methylation, 

potentially contributing to our understanding of the mechanism for their effects on breast cancer 

risk. 

Specific Aim 

We will investigate the association between having borne children (nulliparous/parous) 

and breastfeeding (never/ever breastfed) together, and independently, with aberrant tumor DNA 

methylation of nine candidate genes in breast tumors from the WEB study. 
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METHODS 

Study Design 

The Western New York Exposures and Breast Cancer (WEB) study was launched to 

explore a multitude ofbreast cancer risk factors in women. The WEB study was a population

based case-control study conducted from 1996-2001. The proposed study is a case only analysis, 

utilizing the cases from the case-control study. Eligible women with breast cancer were those 

with a primary, histologically confirmed, and incident breast cancer. Additionally, eligible 

women were aged 35-79 years at diagnosis and current residents ofErie and Niagara counties in 

New York State. The response rate was 71 % (1 ,166 out of 1,638) for breast cancer cases [53]. 

Figure 1 shows a flow chart of how the study sample was selected. Descriptive characteristics of 

WEB study cases with methylation data available compared to those without methylation data 

available are provided in Table 1. The same descriptive characteristics, as well as the mean and 

median methylation of the nine candidate genes under study, are examined for cases that have 

had a child compared to those who have not in Table 2. All participants provided consent, and 

the study protocol was approved by the Institutional Review Boards of the University at Buffalo 

and all participating institutions. 

Exposure and Outcome Assessment 

All study participants completed extensive in-person interviews and self-administered 

questionnaires. The information collected from these questionnaires included demographic 

characteristics, general medical history, family medical history, lifestyle factors , and breast 

cancer risk factors. All cases were interviewed within one year of diagnosis, while the majority 
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were interviewed within 3-6 months following diagnosis. The breast cancer risk factors that were 

evaluated as potential confounders included age, menopausal status, race/ethnicity, educational 

attainment, body mass index (BMI), family history ofbreast cancer, age at menopause, age at 

menarche, age at first birth, time since last pregnancy, and hormone receptor status. Potential 

confounders were selected based on a review of the literature and a priori knowledge of their 

influence on breast cancer risk. 

Parity and Lactation 

The in-person interviews and self-administered questionnaires probed for information on 

the main predictor variables: parity and breastfeeding. In the pregnancy characteristics part of the 

questionnaire, question 92a asked about any pregnancies that the participant may have had, 

including live births, miscarriages, still births, tubal pregnancies or therapeutic abortions, and the 

number ofpregnancies. This question provided information on parity and additional insight on 

birth outcomes. The questions were repeated for each pregnancy for up to twenty pregnancies. 

Other reproductive risk factors such as age of first birth, duration of anovulation, and duration of 

pregnancy were also assessed within the same subset of questions. For all statistical analyses, 

parity was defined as having borne a child, which included full term pregnancies, pre-term 

pregnancies, and pregnancies in which the child was born but died shortly thereafter. 

The pregnancy characteristics survey also assessed whether the mother breastfed her 

children and the duration of breastfeeding. These questions were again repeated for each 

pregnancy up to twenty pregnancies. Specifically, questions 93g and 93i asked ' did you breast 

feed this child' and 'how many months did you breast feed the child', respectively. These 
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questions provided information on breast feeding and duration ofbreastfeeding that will be the 

focus of the analyses. For all statistical analyses, a participant was included in the ' ever 

breastfed' category if she breastfed any of her children. 

Methy lation (Pyrosequencing) 

The main outcome variable for this study is percent breast tumor DNA methylation. DNA 

methylation was quantitatively measured using bisulfite pyrosequencing. During bisulfite 

pyrosequencing, tumors are microdissected and genomic DNA (500 ng) is treated with sodium 

bisulfite using an EZ DNA Methylation kit (Zyma Research, Orange, CA). The bisulfite-treated 

DNA is then amplified using specific forward and reverse primers (purchased from Qiagen) for 

each individual candidate gene. Bisulfite treatment chemically converts cytosine to uracil. 

Methylated cytosines ( 5 ' -methylcytosine) are protected from conversion. This creates a sequence 

difference between methylated and unmethylated DNA. Pyro Mark MD Pyrosequencing system 

(Qiagen, Valencia, CA) is then used to detect differences in methylation in the candidate genes. 

This difference is quantified and percent methylation of the sequence is determined. 

The candidate genes analyzed were Secretoglobin, family 3A, member 1 (SCGB3Al) ; 

glutathione S-transferase pi 1 ( GSTPI); retinoic acid receptor, ~ (RARB) ; spleen tyrosine kinase 

(SYK) ; fragile histidine triad (FHIT); cyclin-dependent kinase inhibitor 2A ( CDKN2A); cyclin 

(CCND2) ; breast cancer gene 1 (BRCAJ) ; and stratifin (SFN). Tumor blocks were collected from 

922 women in the WEB study who had breast cancer and methylation data were available for 

724 women (Figure 1). 
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For quality control purposes, ten percent of total samples were assayed in duplicate for 

each gene. An intraclass correlation coefficient below 0.50 in duplicate samples led to the 

exclusion of the DNA methylation data. Tumor DNA methylation data for ESRJ and RASSFJ 

genes were excluded from all analyses. All included DNA methylation data used in the analyses 

had an intraclass correlation coefficient ranging from 0.68 to 0.98. 

Statistical Analysis 

All statistics were performed using SAS version 9.4 (SAS Institute Inc. Cary, NC). 

Percent methylation was the main outcome variable of this study, measured continuously. 

Methylation percentages were available for 4-10 CpG islands per candidate gene. The 

methylation of individual CpG islands were averaged together and reported for each gene. 

Student's t-tests and chi-squared (X2
) tests were used to detect significant differences in 

descriptive characteristics among included and excluded WEB study cases, as well as any 

differences between parous and nulliparous women at baseline. The Kruskal-W allis test was 

used to detect significant differences in median methylation between parous and nulliparous 

women. 

Throughout the literature, the extent of methylation in candidate genes ofbreast tumors is 

typically classified as either hyper- or hypo- methylated. For that reason, rather than keeping 

percent methylation a continuous variable measuring the percent change between exposure 

groups, a binary variable was used. Several cut-offs such as greater than 0%, 5%, and 15% were 

considered based on previous studies, but these cut-offs provided case counts and exposure 

categories with few or no observations. As a result, the median was used as the appropriate cut-
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off to maximize both the number of cases in exposure categories, and our statistical power for 

detecting an effect. Unconditional logistic regression was used to estimate odds ratios (OR) and 

95% confidence intervals (CI) for odds of methylation of candidate genes in parous women 

compared to the nulliparous referent group. All p-values reported are 2-sided to assess the 

importance of high and low methylation. Statistical significance was defined asp < 0.05. 

For a variable to be a potential confounder, it must be associated with the exposure of 

interest, associated with the outcome of interest, and it must not be an intermediate in the causal 

pathway. Potential confounders for gene methylation in this analysis ofbreast cancer cases 

included age, race/ethnicity, educational attainment, body mass index, family history ofbreast 

cancer, age at menopause, age at menarche, age at first birth, time since last pregnancy, and 

tumor receptor status. Ifa variable was significantly different at baseline between parous and 

nulliparous cases then it was considered further as a potential confounder. Additionally, 

unadjusted odds ratio estimations were compared to the odds ratio adjusted for potential 

confounders. If the extraneous variable changed the odds ratio estimations by more than 10% 

after adjustment, then it was considered further as a potential confounder. Final multivariate 

models were adjusted for age in years, and years of education. 

While looking at the associations between parity and tumor DNA methylation, a few 

variables were correlated with particular genes. Specifically, age and menopausal status were 

significantly associated with CCND2 methylation and estrogen receptor status was significantly 

associated with SCGB3Al methylation. This provided evidence that there may be different risk 

factors for tumors depending on subtype, receptor status, and menopausal status. As a result, 

analyses on the association between parity and tumor DNA methylation were stratified by 

estrogen receptor (ER) status and menopausal status to check for the possibility of confounding 
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and effect measure modification. To assess possible effect measure modification, stratum

specific odds ratios were compared to the crude estimate. Differences in stratum-specific 

measures of association would indicate possible effect measure modification. To assess effect 

modification statistically, the Breslow-Day test provided a p-value to quantify differences in 

odds ratios between strata. Non-significant values would indicate no difference between strata on 

the association between parity and gene methylation. 
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RESULTS 

Descriptive characteristics of Western New York Exposures and Breast Cancer (WEB) 

study cases that were included in the study (those who had methylation data available) compared 

to those who were not included (those without methylation data) are provided in Table 1. Both 

groups were similar on most descriptive characteristics. Those with methylation data available 

were, on average, younger at enrollment compared to those without methylation data (57.3 years 

versus 59.0, respectively). The age difference among included and excluded cases was 

statistically significant and likely explains other differences in descriptive characteristics, such as 

the higher proportion ofpremenopausal women and shorter time since last pregnancy in those 

included. Additionally, there were a greater proportion ofprogesterone receptor (PR) positive 

tumors, and consequently fewer PR negative tumors in included study cases. 

The distribution ofpercent DNA methylation for each gene is shown in Figure 2. Most 

of the genes were highly positively skewed, with a large range of values and the presence of 

outliers as seen in the BRCAJ, CCND2, CDKN2A, FHIT, GSTPJ, RARB, and SYK genes. 

SCGB3Al and SFN were more normally distributed. 

Descriptive characteristics of included WEB study cases who have given birth (parous, N 

= 601) compared to those who have not (nulliparous, N = 123) are reported in Table 2. The 

parous group was divided further into never (N = 352) and ever (N = 249) breastfed categories. 

There were few statistically significant differences in descriptive characteristics between the 

parous and nulliparous groups. Compared to nulliparous women, parous women were less 

educated (13.4 versus 14.4 years) and had a lower proportion of estrogen receptor positive (ER+) 

tumors . 
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There were additional differences among parous cases who have never breastfed and 

those who have. The group of women who never breastfed their children, consisted of 

significantly fewer premenopausal women. In addition, they were generally less educated, with a 

higher body mass index, fewer relatives with a history ofbreast cancer, and a longer time since 

last pregnancy. These differences were attenuated and no longer statistically significant when 

combined into one parous group. None of the main predictor categories differed significantly in 

terms ofmedian or mean methylation of the nine candidate genes. 

Descriptive characteristics of included WEB study cases that had higher methylation for 

the candidate genes were compared to those with lower methylation, using the median as the cut

off ( data not shown). There were a few statistically significant differences in these risk factors 

for higher and lower gene methylation. Higher and lower methylated cases ofRARB and CCND2 

differed significantly in age. Additionally, there was a difference in the proportion of ER tumors 

in high versus low SCGB3Al and SFN methylated cases. 

To investigate the association between having borne children and breastfeeding with the 

aberrant tumor DNA methylation of candidate genes in breast tumors from the WEB study, 

unconditional logistic regression was used. Crude and adjusted odds ratios (with 95% confidence 

intervals) are presented in Table 3. BRCAJ methylation tended to be higher in parous women, 

OR= 1.55 (95% CI: 0.99 - 2.42) after adjusting for age and years of education. When parity was 

subdivided into those who had one or two births, and those with greater than three births, the 

odds ratios were similar and the confidence intervals included the null. SFN methylation was 

also higher in parous women after adjusting for age and years of education, OR= 1.65 (95% CI: 

1.01 - 2.69). This association between parity and odds of SFN methylation was strengthened in 

women with greater than three births, OR= 1.78 (95% CI: 1.04 - 3.04). 
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Crude and adjusted odds ratios (with 95% confidence intervals) of the association 

between breastfeeding and tumor DNA methylation of candidate genes in the WEB study are 

also presented in Table 3. There were no statistically significant associations between 

breastfeeding and tumor methylation of any gene in this study. 

Results from stratified analyses are reported in Tables 4 and 5. The association between 

parity and tumor DNA methylation, stratified by ER status, was reported in Table 4. Odds ratios 

in ER+ and ER- tumors appeared different from one another. This finding may be the result of 

insufficient case counts within strata and wide confidence intervals, especially ofER- tumors. 

For most genes, odds ratios were higher for ER- tumors, suggesting a possible difference in 

prognosis among parous and nulliparous women. Using the Breslow-Day test, there were no 

statistically significant differences between ER+ and ER- tumor stratum. There was some 

evidence of a stronger association ofparity with methylation of the BRCAI and the CCND2 

genes for ER- than for ER+ tumors; the number ofER- tumors was small and the Breslow-Day 

test did not reach statistical significance. 

The association between parity and tumor DNA methylation stratified by menopausal status 

were reported in Table 5. Odds ratios between pre- and post- menopausal women appeared 

different from one another. Using the Breslow-Day test, the odds ratios on the association 

between parity and GSTP 1 methylation differed significantly between pre- and post- menopausal 

cases (p-value = 0.03). This may indicate that menopausal status is an effect modifier on the 

association between parity and GSTP 1 methylation quantitatively, but case counts of 

premenopausal women were small. 

21 



DISCUSSION 

We examined the association between parity and breastfeeding with methylation of 

candidate genes in breast tumors from women in the Western New York Exposures and Breast 

Cancer (WEB) study. Childbearing has been shown to be protective against breast cancer risk, 

although there is a transient increase in risk immediately after giving birth [ 51] . There are few 

studies linking pregnancy-associated epigenetic changes to specific tumor suppressor genes for 

this many breast cancer cases. Addressing this current gap in the literature and uncovering a 

possible mechanism to which parity induces epigenetic changes in breast cancer cases, may help 

us understand both the protective role ofpregnancy on breast cancer risk, and the unfavorable 

increased risk that occurs immediately following pregnancy. 

In our study, there were no statistically significant associations between lactation and 

gene methylation of these candidate genes. There were a few statistically significant associations 

between parity and tumor DNA methylation. The association between higher methylation of 

BR CAI and parity was close to being significant after adjusting for age and years of education, 

OR= 1.55 (95% CI: 0.99- 2.42). BRCAJ is believed to be involved in DNA repair [7]. Previous 

work has linked the BR CAI gene to DNA damage response, double-stranded break repair, and 

the Non-Homologous End-Joining repair pathway [65]. The 55% increased odds of BRCAJ 

methylation in parous women might suggest that pregnancy induces a long-term change in the 

functionality of these DNA repair pathways. 

After adjusting for both age and educational attainment, SFN methylation was higher in 

parous women, OR= 1.65 (95% CI: 1.01 - 2.69). SFN is a downstream target of p53 , known to 

facilitate tumor cell proliferation and be involved in a variety of cell response functions including 
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DNA damage checkpoints and apoptosis [11]. Catteau et al. reported that p53 mutations occur at 

a higher frequency in BRCA-associated disease [68]. The finding of Catteau et al. might support 

that the pregnancy-associated increased odds of SFN methylation that we found in this study, 

may work in silencing the p53-DNA-damage response pathway, independently, or possibly in 

tandem with BRCAI hypermethylation. 

Conversely, there were no associations between parity and the methylation of CCND2, 

CDKN2A , FHIT, GSTPJ, RARB, SYK, or SCGB3Al. These genes have a variety of functions 

such as epithelial cell differentiation, detoxification of xenobiotics, embryonic morphogenesis, 

and cell cycle regulation [ 11]. It is possible that in this study ofbreast cancer cases, parity may 

result in the increased odds of tumor DNA methylation of genes involved exclusively in DNA 

damage repair. Further experiments looking at these associations need to be performed to 

validate our findings. 

In this study, ER and menopausal status may be effect measure modifiers on the association 

between parity and tumor DNA methylation. We found differences in the mean and median 

methylation of genes among ER positive and ER negative tumors , as well as the tumors in pre

versus post- menopausal cases (data not shown). We also found that the association between 

parity and odds of GSTP 1 methylation differed significantly between premenopausal and 

postmenopausal cases, OR= 0.44 (95% CI: 0.18 - 1.03) and OR= 1.34 (95% CI: 0.77 -2.35), 

respectively. Sunami et al. examined ER status and epigenetic differences of tumor-related 

genes in primary breast tumors, finding significant differences in the methylation status of 

CCND2, GSTPJ , and other tumor-related genes [69]. It is possible that ER and menopausal 

status were effect modifiers on the association between parity and tumor DNA methylation, 

however case counts were low within strata and there was a lack of statistical significance 

23 



between strata. Future investigation looking at these specific interactions in larger datasets need 

to be performed. 

We found higher methylation of tumor DNA in parous women. Cancer cells may take 

advantage of the reversibility of gene methylation to increase the replicative potential of tumors, 

simultaneously promoting temporary hypo- and hyper- methylation for tumor initiation, 

establishment, progression and invasion [61 - 62]. Although DNA hypermethylation has 

previously been shown to be associated with gene repression and downregulated tumor

suppressor genes, it is just as likely that randomness in the tumor microenvironment results in 

lower DNA methylation to respond to certain selective pressures. Sadikovic et al. reviewed how 

genetic and DNA methylation changes provide selective advantages in tumors and showed that 

these changes increase tumor heterogeneity giving a proliferative advantage to cells, ultimately 

driving tumor evolution and further disarray [ 61]. These changes may be especially volatile in 

the stages before, during, and after pregnancy. The hormonal triad of estrogen, progesterone, and 

human Chorionic Gonadotropin (hCG) during pregnancy contributes to stimulating mammary 

gland development, proliferation, and the differentiation into organized lobular structures [ 63]. 

These hormonal exposures resulting from pregnancy may induce long-term, persistent changes in 

methylation, which then have the potential to be protective or deleterious. Huh et al. found that 

aging and pregnancy may permanently alter the DNA methylation profiles ofmammary 

epithelial cells [64]. Furthermore, they found that the genes with pregnancy-induced and 

persistent DNA methylation changes had known roles in mammary gland development [64]. In 

another study, Barton et al. showed that the breast cells from parous post-menopausal women 

contained higher chromatin condensation [63]. This finding supports a pregnancy-associated 

reduction in breast cancer risk as the DNA segments are physically less accessible to 
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carcinogenetic agents. However, the finding by Barton el al. may also suggest a pregnancy

associated increase in risk. Higher chromatin condensation may reduce methylation, as well as 

transcription factor and enhancer element binding to tumor suppressor gene promoters, 

stimulating oncogenesis. The duality ofmethylation and the complexity of these interconnected 

epigenetic processes make interpreting the results of pregnancy-related breast cancers difficult. 

There are several limitations in the WEB study that need to be acknowledged. First, there is 

currently no gold standard approach for determining what the cutoff should be for high and low 

methylation of candidate genes. Using above and below the median as the cut-off for 

categorizing hyper- and hypo- methylated genes may not be the best approach, nor make the 

most sense biologically. It is possible that other cut-offs may be more appropriate, especially 

since extreme values for methylation may be those with the most extensive reproductive histories 

or be the most at risk. Furthermore, it is possible that the values for methylation at or around the 

median may attenuate the true association towards the null. To address this potential threat to 

internal validity, other cut-offs may be analyzed. However, for this analysis, using the median 

provided the most cases in exposure and outcome categories for the candidate genes, allowing 

for the most statistical power for identifying the association between parity and gene 

methylation. 

Another limitation in the WEB study is that results may not be representative to other study 

populations or the general population. Overall, WEB study cases in this analysis were almost 

exclusively white - only 7 % were non-white - and most were parous - only 17% were 

nulliparous. These findings may not generalize to African American women. The included WEB 

study cases were also mostly postmenopausal ( 68% ), and mostly ER and PR positive (71 % and 

66%, respectively), which is what we would expect to find in the general population. However, 
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this may suggest that we had reduced power for detecting an effect in premenopausal women, 

and for ER/PR negative tumors . Having reduced power for detecting effects in African 

Americans, premenopausal women, and ER/PR negative tumor subtypes, may be significant as 

those demographics tend to have the poorest prognosis . Further investigation on the association 

between parity and breastfeeding on tumor DNA methylation for the aforementioned 

demographics and tumor subtypes will need to be performed to validate our findings. 

Participation rates were marginally low in cases (1 ,170 out of 1,638). Additionally, tumor 

block and methylation data availability were also low in cases (724 out of 1,170). It is unlikely 

that participation in the study was associated with the breast cancer cases ' methylation status, nor 

their reproductive history. However, the low participation rate in tandem with the low tumor 

block availability meant we had a smaller sample size for detecting an effect, reducing our power 

and precision when performing stratified analyses . 

Finally, only the methylation of CpG islands near the promoter regions of these nine 

candidate genes were analyzed for their methylomic signatures. The candidate gene approach 

provides detailed information for loci of interest and is highly sensitive for detecting differences 

in methylation, although limited in overall scope. A genome wide methylomic analysis would be 

more useful for identifying a wider range of specific aberrant loci in both tumor suppressor and 

proto-oncogenes. Such an analysis would require a larger number of tumor blocks. Furthermore, 

other epigenetic processes may have been involved such as chromatin remodeling, histone 

methylation, and histone acetylation. Future investigation on the association between parity and 

these other epigenetic processes for the genes under study, will further help us understand the 

role parity and epigenetics have on breast cancer risk. 
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This study also has many strengths. This is the only study to our knowledge that looks at the 

association between parity and lactation on tumor DNA methylation of nine candidate genes , for 

this many breast cancer cases. Understanding the interrelations ofparity and lactation with the 

methylation of the nine tumor suppressor genes , contributes to our understanding of how 

methylation influences breast cancer risk. Another strength in this analysis of the WEB study is 

the use of a candidate gene approach over a scanning gene approach for detecting DNA 

methylation. Since the genes studied are tumor suppressor genes, which have previously been 

shown to influence breast tumor initiation, differentiation, and progression, it is befitting to use 

the approach that focuses on these specific promoter regions with detailed precision, rather than 

the more costly and complex scanning gene approach. 

In the future, finding the appropriate cut-off for gene methylation of both tumor

suppressor and oncogenes is pivotal. There is heterogeneity within and between tumors, which 

makes this task complex. Identification of a biologically significant cut-point for tumor DNA 

methylation would limit misclassification of hypo- and hyper- methylated genes, and could thus 

be used to identify high and low risk groups. In addition to identifying an appropriate risk 

measure for methylation, methylation may be able to be used a potential biomarker for early 

diagnosis. Identifying hypermethylated promoter regions of genes has been shown to occur early 

in the development of tumors [65]. This means that hypermethylated genes can be used as 

potential biomarkers for early diagnosis, which is particularly important in breast cancer where 

early detection results in more favorable therapeutic success. Some experiments have showed 

early promise in using methylation as a diagnostic tool. Evron et al. performed methylation

specific PCR to detect breast cancer cells in ductal lavage fluid and showed that methylation of 

marker genes was detected in 80% of cancer cells but in none of 20 normal cell lines [ 66]. 
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Further investigation towards using methylation as a diagnostic tool may improve earlier 

detection and therapeutic success. 
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