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Abstract

Although expression of estrogen receptor (ER), progesterone receptor (PR), and cell proliferation
marker Ki67 serve as predictive and prognostic factors in breast cancers, little is known about their
roles in normal breast tissue. Here in a nested case—control study within the Nurses’ Health
Studies (90 cases, 297 controls), we evaluated their expression levels in normal breast epithelium
in relation to subsequent breast cancer risk among women with benign breast disease. Tissue
microarrays were constructed using cores obtained from benign biopsies containing normal
terminal duct lobular units and immunohistochemical stained for these markers. We found PR and
Ki67 expression was non-significantly but positively associated with subsequent breast cancer
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risk, whereas ER expression was non-significantly inversely associated. After stratifying by lesion
subtype, Ki67 was significantly associated with higher risk among women with proliferative
lesions with atypical hyperplasia. However, given the small sample size, further studies are
required to confirm these results.

Development of breast neoplasia involves hormones such as estrogens and progesterone that
regulate cell proliferation and apoptosis. The tissue-specific responsiveness to these
hormones is partially regulated by the tissue expression of receptors that bind them.! Ki67 is
a cell proliferation marker, as it is present only during active phases of the cell cycle.?
Although expression of estrogen receptor a. (ER), progesterone receptor (PR), and Ki67
serve as predictive and prognostic factors in breast cancer, little is known about their roles in
normal breast tissue. In a nested case—control study within the Nurses’ Health Study (NHS)
and NHSII cohorts, we examined the associations of ER, PR, and Ki67 expression levels in
normal breast epithelium with subsequent breast cancer risk among women with a previous
diagnosis of benign breast disease (BBD).

Briefly, controls were matched to cases on age, calendar year of BBD, and time since

biopsy. Archived formalin-fixed paraffin-embedded biopsy blocks were collected from
pathology departments for cases and controls. Tissue microarrays (TMAS) were constructed
by obtaining 0.6-mm cores of benign lesions and adjacent normal terminal duct lobular units
(TDLUSs).3 A 5-um section from each TMA block was immunohistochemically stained with
each antibody (ERa.: clone SP1, Neomarkers, CA, USA; PR: clone PgR 636, Dako
Corporation, CA, USA,; Ki67: clone SP6, Vector Laboratories, CA, USA). Immunostaining
results were interpreted using an automated computational image analysis system (Definiens
Tissue Studio software, Munich, Germany); scoring algorithms are shown in Supplementary
Figures 1-3. The automated scores were moderately correlated with manually scored data on
select TMAs that we scored using both methods (Spearman r= 0.40-0.48). For each woman,
we estimated the mean percentage of stain-positive cells across the cores, by weighting each
core by its total cell count. Women were excluded if they had evidence of carcinoma at
biopsy or within 6 months of their biopsy, there was not enough tissue on the block for TMA
construction, had low cellularity (<100 cells), or had no evaluable marker staining. Details of
the methods are described in Supplementary Appendix.

Among 90 breast cancer cases and 297 controls who were included in the analysis, the mean
age at BBD biopsy was 45.4 years. The average time between the BBD biopsy and the
breast cancer diagnosis was 9.0 years (range: 6 months to 31.3 years). Distributions of
population characteristics and marker staining are presented in Supplementary Tables 1 and
2. The median percentages of ER-positive, PR-positive, and Ki67-positive cells in normal
TDLUSs were 10%, 7%, and 4%, respectively, which were comparable to levels that have
been previously reported.#8 Although the expression levels varied slightly by its adjacent
lesion type, the differences were not statistically significant (Supplementary Table 3). The
intraclass correlation coefficients across cores ranged from 0.26 for Ki67 to 0.45 for ER,
suggesting some within-person variability across the cores due to true heterogeneity in
tissues’ and possibly methodological artifacts. The Spearman correlation for markers in
normal TDLUs was modest between ER and PR (r= 0.35) but minimal between other
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markers (Supplementary Table 4). When comparing expression levels of normal TDLUs
with subsequent breast tumor tissues among cases, the levels were higher in tumor tissue
(Supplementary Table 5) as expected®6 and the Spearman correlations were modest for PR
(r=0.21) and Ki67 (r= - 0.15) (Supplementary Table 6).

Comparing the highest versus lowest tertiles, ER expression in normal TDLUSs was non-
significantly but inversely associated with subsequent risk (odds ratio (OR) = 0.44, 95%
confidence interval (Cl) = 0.17-1.14, Ptrend = 0.68), whereas Ki67 expression was non-
significantly but positively associated with subsequent breast cancer risk (OR = 1.59, 95%
Cl =0.80-3.14, Ptrend = 0.48; Table 1). PR expression was marginally associated with
higher breast cancer risk (OR = 2.18, 95% CI = 1.04-4.57, Ptrend = 0.09); the association
was statistically significant when restricted to premenopausal women (OR = 3.60, 95% CI =
1.26-10.3, Ptrend = 0.04). Results were similar after adjustment for BBD subtype. After
stratifying by BBD subtype, Ki67 was significantly associated with higher risk among
women with atypical hyperplasia (OR = 6.80, 95% CI = 1.57-29.5, Pinteraction = 0.002;
Table 2). Results were similar after conducting sensitivity analyses, which included
excluding potential outliers, evaluating marker intensity scores, and using alternative
cellularity cutpoints for exclusion criteria.

Our finding is consistent with a previous study of women with atypical hyperplasia that
reported a fourfold higher breast cancer risk associated with Ki67 expression (=2 vs. <2%)*
and experimental studies that suggested carcinogenic potentials of PR.8 However, we did not
observe a positive association with ER despite the supporting evidence.®10 This study has
limitations including potential measurement error in markers (for example, lack of data on
menstrual phase, moderate correlations between automated and manual scores), which
would bias results towards the null.

These findings contribute to our understanding of breast cancer biology and provide the
basis for future studies investigating these markers as potential targets for risk assessment
among women undergoing biopsies. However, given the small sample size and potential
measurement error in markers, further studies are required to confirm these results.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

We thank the participants and staff of the Nurses’ Health Study and Nurses’ Health Study Il for their valuable
contributions as well as the following state cancer registries for their help: A.L., A.Z, AR.,C.A,C.0.,,C.T,,D.E,
FL.,GA, LD, L, LN, LA, ,KY, LA, M E,MD, MA, M.I,NE,NH,NJ,NY,N.C,ND,OH, 0K,
O.R,PA,R.l,S.C, TN, T.X, VA, WA, and W.Y. The authors assume full responsibility for analyses and
interpretation of these data. This work was supported by the National Cancer Institute UM1 CA186107, UM1
CA176726, P01 CA87969, T32 CA09001 (HO), R0O1 CA046575 (RMT), CA050385, Avon Foundation (RMT), and
the Susan G. Komen Foundation (RMT).

References

1. Anderson E. The role of oestrogen and progesterone receptors in human mammary development and
tumorigenesis. Breast Cancer Res. 2002; 4:197-201. [PubMed: 12223124]

NPJ Breast Cancer. Author manuscript; available in PMC 2017 January 18.



1duosnue Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Ohetal.

Page 4

. van Dierendonck JH, Keijzer R, van de Velde CJ, Cornelisse CJ. Nuclear distribution of the Ki-67

antigen during the cell cycle: comparison with growth fraction in human breast cancer cells. Cancer
Res. 1989; 49:2999-3006. [PubMed: 2720660]

. Tamimi RM, et al. Expression of IGF1R in normal breast tissue and subsequent risk of breast cancer.

Breast Cancer Res Treat. 2011; 128:243-250. [PubMed: 21197570]

. Santisteban M, et al. Ki67: a time-varying biomarker of risk of breast cancer in atypical hyperplasia.

Breast Cancer Res Treat. 2010; 121:431-437. [PubMed: 19774459]

. Pavelic ZP, et al. c-myc, c-erbB-2, and Ki-67 expression in normal breast tissue and in invasive and

noninvasive breast carcinoma. Cancer Res. 1992; 52:2597-2602. [PubMed: 1348967]

. Woolcott CG, SenGupta SK, Hanna WM, Aronson KJ. Estrogen and progesterone receptor levels in

nonneoplastic breast epithelium of breast cancer cases versus benign breast biopsy controls. BMC
Cancer. 2008; 8:130. [PubMed: 18466613]

. Ricketts D, et al. Estrogen and progesterone receptors in the normal female breast. Cancer Res.

1991; 51:1817-1822. [PubMed: 2004366]

. Lydon JP, Ge G, Kittrell FS, Medina D, O’Malley BW. Murine mammary gland carcinogenesis is

critically dependent on progesterone receptor function. Cancer Res. 1999; 59:4276-4284. [PubMed:
10485472]

. Khan SA, Rogers MA, Obando JA, Tamsen A. Estrogen receptor expression of benign breast

epithelium and its association with breast cancer. Cancer Res. 1994; 54:993-997. [PubMed:
8313390]

10. Lawson JS, et al. Low oestrogen receptor alpha expression in normal breast tissue underlies low

breast cancer incidence in Japan. Lancet. 1999; 354:1787-1788. [PubMed: 10577642]

NPJ Breast Cancer. Author manuscript; available in PMC 2017 January 18.



Ohetal. Page 5

Table 1

Odds ratios and 95% confidence intervals of developing subsequent breast cancer according to tertiles of ER,
PR, and Ki67 expression in normal breast tissue in the Nurses’ Health Study and the Nurses’ Health Study 11

Case Control  Model 120R (95% Cl) Model 2P OR (95% ClI)

1duosnuey Joyiny

1duosnuen Joyiny

Percentage of ER-positive cells (N = 175)

<6.9% 17 41
6.9-14.6% 15 44
214.7% 10 48

Per 1% increase
Ptrend
Percentage of PR-positive cells (N = 238)

<4.0% 16 64
4.0-9.8% 17 61
29.9% 26 54

Per 1% increase
Ptrend
Percentage of Ki67-positive cells (N = 285)

<2.4% 20 75
2.4-6.1% 18 7
26.2% 28 67

Per 1% increase
Ptrend

1.0 (Ref)

0.69 (0.29, 1.66)

0.44 (0.17, 1.14)

0.99 (0.96, 1.03)
0.68

1.0 (Ref)

1.28 (0.58, 2.82)

2.18 (1.04, 4.57)

1.03 (1.00, 1.07)
0.09

1.0 (Ref)

0.92 (0.44, 1.93)

1.59 (0.80, 3.14)

1.01 (0.98, 1.05)
0.48

1.0 (Ref)

0.71 (0.29, 1.70)

0.45 (0.17, 1.17)

0.99 (0.96, 1.03)
0.67

1.0 (Ref)

1.27 (0.57, 2.82)

1.94 (0.91, 4.16)

1.03 (0.99, 1.07)
0.18

1.0 (Ref)

0.98 (0.46, 2.08)

1.79 (0.88, 3.62)

1.02 (0.98, 1.06)
0.29

1duosnuey Joyiny

1duosnuep Joyiny

Abbreviations: Cl, confidence interval; ER, estrogen receptor; OR, odds ratio; PR, progesterone receptor.

aModeI 1 (adjusted for matching factors only): age at diagnosis (continuous, years), calendar year of benign biopsy (<1970, 1970-1980, >1980),
time since benign biopsy (continuous, years).

bModeI 2: Model 1+type of benign lesion (non-proliferative, proliferative without atypia, proliferative with atypical hyperplasia).
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Table 2

Odds ratios and 95% confidence intervals of developing subsequent breast cancer for ER, PR, Ki67

Page 6

expression? in normal breast tissue stratified by benign lesion type in the Nurses’ Health Study and the Nurses’

Health Study I1

Non-proliferativelesions  Proliferative lesionswithout atypia Proliferative lesionswith atypical hyperplasia

ER (210% vs. <10%)

Case/control 8/35 18/63
OR (95% Cl)b 0.93 (0.18, 4.78) 0.64 (0.21, 1.94)
Ptrend 0.84 0.42

Pinteraction =0.69

PR (26.5% vs. <6.5%)

Case/control 10/54 26/90
OR (95% Cl)b 1.94 (0.48, 7.87) 1.94 (0.79, 4.74)
Ptrend 0.97 0.16

Pinteraction®=0.11

Ki67 (24.2% vs. <4.2%)

Case/control 10/58 38/132
OR (95% Cl)b 4.29 (0.66, 27.8) 0.62 (0.29, 1.33)
Ptrend 0.05 0.62

Pinteraction® =0.002

16/35
0.42 (0.10, 1.86)

0.45

23/35
2.14 (0.60, 7.73)

0.37

18/29
6.80 (1.57, 29.5)

0.03

Abbreviations: Cl, confidence interval; ER, estrogen receptor; OR, odds ratio; PR, progesterone receptor.

a . - . . . . . .
ER, PR, and Ki67 expression in normal breast tissue was dichotomized around the median (above versus below median percentage of stain-

positive cells).

bAdjusted for matching factors only: age at diagnosis (continuous, years), calendar year of benign biopsy (<1970, >1970), time since benign biopsy

(continuous, years).

Pinteraction was estimated using the likelihood ratio test comparing models with and without the interaction terms between marker expression
(high versus low) and BBD lesion type (proliferative lesions with atypical hyperplasia, proliferative lesions without atypia, and non-proliferative

lesions).
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