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Abstract
Introduction: Involution of terminal duct lobular units (TDLUs), the structures that give rise to most breast cancers,
has been associated with reduced breast cancer risk. Data suggest that the etiology and pathogenesis of luminal A
and core basal phenotype (CBP) breast cancers differ, but associations with TDLU involution are unknown.
Accordingly, we performed a masked microscopic assessment of TDLU involution in benign tissues associated with
luminal A and CBP breast cancers diagnosed among women less than age 55 years.
Methods: Cases were participants in a population-based case-control study conducted in Poland. Increased TDLU
involution was defined as fewer acini per TDLU or shorter TDLU diameter. Luminal A was defined as estrogen
receptor (ER) positive and/or progesterone receptor (PR) positive and human epidermal growth factor receptor 2
(HER2) negative and CBP as negative for ER, PR, and HER2 with expression of basal cytokeratins or epidermal
growth factor receptor (EGFR). We performed logistic regression to evaluate associations between TDLU involution
and tumor subtypes, adjusted for clinical characteristics and breast cancer risk factors.
Results: Among 232 luminal A and 49 CBP cancers associated with evaluable TDLUs, CBP tumors were associated
with significantly greater average number of acini per TDLU (odds ratio (OR) = 3.36, 95% confidence interval (CI) =
1.36 to 8.32, P = 0.009) and larger average TDLU diameter (OR = 2.49, 95% CI = 1.08 to 5.74, P = 0.03; comparing
highest to lowest group, adjusted for age and study site).
Conclusions: We suggest that TDLU involution is less marked in benign tissues surrounding CBP as compared to
luminal A cancers, which may reflect differences in the etiology and pathogenesis of these tumor subtypes.

Introduction
Epidemiologic research has demonstrated that risk factor
associations for breast cancer vary by estrogen receptor
(ER) status [1-3]. Recent studies that have included more
detailed characterization of tumor markers suggest that
differences in risk factor associations between luminal A
cancers (ER and/or progesterone receptor (PR) positive
and human epidermal growth factor receptor 2 (HER2)
negative) and core basal phenotype (CBP) cancers (“triple
negative” for ER, PR and HER2 with expression of basal
cytokeratins or epidermal growth factor receptor
(EGFR)) account for much of this etiological heterogeneity. In a pooled analysis of 12 population-based studies
included in the Breast Cancer Association Consortium,
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risk for luminal A cancers was inversely associated with
having had a live birth, younger age at first full-term
birth, and premenopausal obesity, whereas these factors
were not associated with risk for CBP cancers [4]. In contrast to luminal A cancers, CBP cancers occur more often
among African Americans, BRCA1 mutation carriers and
younger women, providing additional support for the
view that these tumors are etiologically different [5,6].
Luminal A and CBP cancers are distinguished by their
gene expression and immunohistochemical profiles [7-9].
These tumors may arise from different stem or progenitor cells [10-12] and thus may develop via pathways that
diverge early in tumor development. In support of this
view, data suggest that the molecular characteristics of
benign tissue surrounding specific breast cancer subtypes
may be as distinctive as that of cancer tissue itself. Specifically, invasive breast cancers arise from terminal duct
lobular units (TDLUs), and data suggest that the mRNA
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expression profiles of micro-dissected TDLUs surrounding ER positive and ER negative breast cancers differ
[13]. Other studies have found that mRNA expression in
benign tissues associated with CBP cancers demonstrate
a “wound signature”, which seems to reflect the characteristic biology of these tumors (that is, epithelial
mesenchymal transition) [14]. Although molecular analyses of peritumoral tissues are providing evidence for
breast field effects (the presence of larger areas of molecular alteration surrounding histologically confirmed
breast cancer foci), epidemiological data inter-relating
breast cancer risk factors, breast cancer subtypes and
characteristics of benign tissues surrounding cancers are
limited.
TDLU involution, as assessed morphologically, has been
hypothesized to be associated with breast cancer risk [15].
Analyses performed in the Mayo Clinic Benign Breast
Disease cohort and the Nurses’ Health Study support this
view [3,16]. We extend this hypothesis by proposing that
the pattern of TDLU involution, as defined by acini per
TDLU or TDLU diameter, over the life course differs in
breasts containing luminal A vs. CBP breast cancers.
Accordingly, we performed an exploratory masked histological analysis of TDLU involution using benign tissues collected in a population-based breast cancer case-control
study conducted in Poland, which included detailed
assessment of breast cancer risk factors and pathologic
characteristics.

Materials and methods
Study population

Data and biologic specimens for the current analysis
came from a population-based breast cancer case-control
study conducted in Warsaw and Łodz, Poland from 2000
to 2003, as previously described in detail [17]. Eligible
cases were women between the ages of 20 and 74 years
diagnosed pathologically with incident in situ or invasive
breast carcinoma. Control subjects were randomly
selected using a population-based database, frequencymatched to cases on city and age in five-year categories.
A total of 2,386 cases (79% of eligible) and 2,502 controls
(69% of eligible) agreed to participate in the study and
provided informed consent. The study was approved by
the National Cancer Institute and local Institutional
Review Boards in Poland. Since the goal of the current
study was to compare TDLU involution between tumor
subtypes, controls were not included in the analysis.
At the time of routine pathological evaluation, we collected one tumor block (T) and two “grossly” benign tissue
blocks, from peritumoral (PT; adjacent to but not touching the tumor) and distant regions from the tumors (DT;
at the periphery of the specimen) when possible. We
restricted the current analysis to luminal A and CBP cancers because these tumors are viewed as most divergent
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with regard to etiology and pathogenesis. Benign tissue
blocks (PT or DT) were available for 804 cases having
these two tumor subtypes (83% of total luminal A and
CBP cases). Tumor characteristics and risk factors did not
differ significantly among cases with and without benign
tissue blocks. We further restricted our analysis to 385
cases younger than age 55 years (317 luminal A and 68
CBP) because at older ages, TDLUs are often not identifiable in tissue sections, particularly in the absence of exogenous hormone use or obesity (data not shown).
Risk factor assessment

We assessed breast cancer risk factors through a
detailed personal interview as described elsewhere
[17,18]. Factors evaluated included education, age at
menarche, age at menopause, parity, breastfeeding, measured body mass index (BMI), age at first full-term
birth, smoking, alcohol drinking, hormone replacement
therapy (HRT) use among postmenopausal women, and
family history of breast cancer.
Pathology of cases

We assessed tumor size, histologic type, grade, and axillary
lymph node status via clinical reports and independent
review (MES) [17].
Procedures used for construction of tissue microarrays
(TMAs) from invasive cancer tissues, immunohistochemical staining and scoring are described in detail elsewhere
[18,19]. Previously, we assessed the expression of ER, PR,
HER2, EGFR and cytokeratin 5 (CK5) using three different
methods: (i) clinical reports of ER and PR (ii) immunohistochemical staining for cases included in TMAs, and (iii)
AQUA™(HistoRx, Branford, CT), which is a quantitative
immunofluorescent method that provides continuous
measurement of expression levels [20]. Different measurement techniques showed strong agreement as previously
reported [19]. For the current analysis, we classified
tumors as luminal A (ER+ and/or PR+, HER2-) or CBP
(ER-, PR-, HER2-, CK5+, and/or EGFR+) as previously
described [18].
Assessment of Terminal Duct Lobular Unit (TDLU)
involution

One pathologist (MES) microscopically reviewed hematoxylin and eosin stained sections of benign blocks to assess
characteristics of TDLUs, masked to all clinical and epidemiologic data, including tumor marker expression and
subtype classification. To determine which TDLUs were
suitable for assessment, we applied a modification of criteria proposed by Milanese et al. [16]. Specifically, we
assessed TDLUs which: 1) consisted of acini lined by single luminal and myoepithelial cell layers; 2) displayed a
limited extent of metaplasia or dilatation of acini (we
excluded TDLUs in which 50% or more of the acini
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showed lumina three times the normal diameter or metaplastic epithelium), and 3) did not display benign breast
disease, such as adenosis or other entities as implied from
criteria above. However, we did not exclude TDLUs based
on epithelial cell size per se or number of acini. Accordingly, some acini included in this analysis resemble the
hyperplastic enlarged lobular units illustrated by Lee et al.
[21].
We focused on two agnostic metrics of involution: average number of acini per TDLU and average TDLU diameter (both inversely related to involution). For each slide,
we recorded the presence or absence of TDLUs; TDLU
“diameter”, defined as the maximal linear span of epithelium (relative to 400 × microscopic fields, approximated in
0.25 increments) and number of acini per TDLU (0 to 10,
11 to 20, 21 to 30, 31 to 50, 51 to 100, > 100) (Figure 1).
We first conducted a pilot study of 200 slides and measured all identifiable TDLUs present (> 1,000). The average number of acini per TDLU and TDLU diameters
across all measured TDLUs did not vary significantly
when six or more TDLUs were evaluated (Additional
file 1, Figure S1). For the full review, we microscopically
reviewed slides beginning at one end and sequentially
categorizing up to 10 unselected TDLUs masked to other
data.
After completing the slide review, we performed a
masked repeat review of 30 randomly selected slides to
assess reproducibility; ratings were significantly correlated (number of acini per TDLU, concordance = 77%,
P = 0.002; TDLU diameter, concordance = 71%, P =
0.008). TDLU involution variables were not significantly
different in PT and DT blocks (P > 0.1 for pair-wise differences between PT and DT for both number of acini
per TDLU and TDLU diameter); therefore, we took the

(a)
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average values from PT and DT blocks for each TDLU
variable if both were available. As expected, the average
number of acini per TDLU and the average TDLU diameter showed strong correlation (r = 0.86, P < 0.0001).
Statistical analyses

To assess whether TDLU involution varied by molecular
characteristics of the cancers, we evaluated the relationships between immunohistochemical status of ER, PR,
CK5 and EGFR in tumors (explanatory variables) and the
average number of acini per TDLU or the average TDLU
diameter (outcome variables) using likelihood ratio tests
and unconditional polytomous logistic regression. We
defined tertiles of the distribution of the average number
of acini per TDLU and the average TDLU diameter using
cut-points based on distributions among luminal A
tumors. Results, based on using maximal, median and
average values across TDLUs, were similar and, therefore,
we present only the average values. We also compared
continuous AQUA scores for ER, PR, EGFR and CK5
expression in invasive tumors [19], to the number of
acini per TDLU or TDLU diameter categories using the
Kruskal-Wallis test. To assess our main hypothesis, we
evaluated whether the level of TDLU involution varied
between luminal A and CBP cancers using adjusted logistic regression models with tumor subtype (CBP vs. luminal A) as the outcome variable and number of acini per
TDLU or TDLU diameter as explanatory variables.
Adjustment variables included age (five-year interval),
study site, breast cancer risk factors (education, age at
menarche, age at menopause, parity, age at first full-term
birth, breastfeeding, HRT use among post-menopausal
women, BMI, and family history of breast cancer). To
evaluate which of several correlated tumor features

(b)

Figure 1 TDLU images. A: Minimal or no TDLU involution, characterized by densely clustered acini (magnification 5×); B: Marked TDLU
involution demonstrating TDLUs containing few acini surrounded by dense collagen (magnification 10×).
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(tumor size, histology, grade, and nodal status, tumor
subtype) were most important in driving the associations
with TDLU involution variables, we also fitted regression
models with average acini per TDLU or average TDLU
diameter as the outcome variable and tumor characteristics as the explanatory variables.
We used SAS (version 9.1.3, SAS Institute, Inc., Cary,
NC, USA) software for all analyses.

Results
Characteristics of study population

Among the 385 cases younger than age 55 years, TDLUs
were identified in 281 cases (232 luminal A and 49
CBP). Distributions of risk factors and pathologic characteristics did not differ significantly among cases with
and without evaluable TDLUs, overall or within subtype
(Additional file 1, Table S1).
Relationships of number of acini per TDLU and TDLU
diameter to individual tumor markers

First, we compared TDLU involution characteristics in
tumor subtypes defined by individual markers (ER, PR,
CK5, and EGFR), dichotomously categorized as negative
or positive, and adjusted for age and study site. Compared
with ER negative cases, ER positive cases were associated
with a significantly reduced number of acini per TDLU
(odds ratio (OR) = 0.34, 95% confidence interval (CI) =
0.17 to 0.70, P = 0.003, comparing the highest to the lowest group), whereas EGFR positive tumors were associated
with a greater number of acini per TDLU than EGFR
negative tumors (OR = 2.78, 95% CI = 1.21 to 6.39, P =
0.02). CK5 positive cancers were also associated with
greater number of acini per TDLU than CK5 negative cancers, but the comparison was not statistically significant.
The number of acini per TDLU was not associated with
PR expression, tumor size, histological type, grade or axillary node status (Table 1). Results for TDLU diameter
were similar to those for the number of acini per TDLU
(for ER: OR = 0.38, 95% CI = 0.19 to 0.76, P = 0.006; for
EGFR: OR = 2.95, 95% CI = 1.24 to 7.03, P = 0.01; comparing the highest to the lowest group).
Next, we evaluated relationships between TDLU involution characteristics and these tumor markers assessed as
continuous variables. Analyses comparing number of acini
per TDLU to continuous AQUA scores for ER, PR, and
EGFR expression demonstrated associations consistent
with those found in analyses in which markers were classified as negative or positive (Kruskal-Wallis test, P = 0.02
for ER and EGFR, P = 0.74 for PR, Figure 2).
Number of acini per TDLU and TDLU diameter in luminal
A vs. Core Basal Phenotype (CBP) cancers

The number of acini per TDLU and TDLU diameter
were significantly greater for CBP as compared with
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luminal A tumors (Table 2). The associations remained
significant after adjustment for age and study site (number of acini per TDLU: OR = 3.36, 95% CI = 1.36 to
8.32, P = 0.009; TDLU diameter: OR = 2.49, 95% CI =
1.08 to 5.74, P = 0.03; comparing the highest to the lowest group). Associations were equivalent or stronger in
analyses adjusted for multiple breast cancer risk factors
(education, age at menarche, age at menopause, parity,
age at first full-term birth, breastfeeding, HRT use
among post-menopausal women, BMI and family history
of breast cancer; for number of acini per TDLU: OR =
4.44, 95% CI = 1.58 to 12.51, P = 0.005) (Table 2).
When analyzing the correlated tumor characteristics
simultaneously, the associations with both number of
acini per TDLU and TDLU diameter were only observed
for tumor subtype (CBP vs. luminal A) but not for
tumor grade, histology, size, or nodal status (data not
shown).

Discussion
Studies have found that reduced TDLU involution is an
independent risk factor for breast cancer among women
biopsied for benign breast disease [3,16,22]. Herein, we
report results of a case-case comparison, showing that
cancers that are ER negative (as compared to ER positive)
or EGFR positive (as compared to EGFR negative) are
associated with a greater number of acini per TDLU and
larger TDLU diameters, consistent with reduced involution. Furthermore, based on immunohistochemical
tumor subtyping, we found that TDLUs associated with
CBP cancers are less involuted than those surrounding
luminal A cancers, even following adjustment for age and
other factors, including reproductive variables, BMI,
family history of breast cancer and clinical variables. Our
data are consistent with other studies showing that gene
expression profiles of TDLUs surrounding cancers vary
by the ER status of the tumor [13] and experimental evidence that stromal-epithelial interactions differ for luminal A and CBP cancers [23]. Further studies are needed
to confirm these results and to determine whether these
findings reflect differences in the etiology and pathogenesis of luminal A and CBP cancers or a secondary influence of tumor growth on surrounding benign tissues.
Prior studies have found that TDLU involution is
directly associated with older age and inversely related to
parity and early age at menarche. Although parity is associated with lower overall breast cancer risk, breast cancer
risk increases transiently following pregnancy. In addition, parity-related breast cancer risk has also been associated with young age, having ER-negative tumors, late
first full-term births, and failure to breastfeed [24,25].
Mechanisms that may contribute to the development of
pregnancy-related cancers include exposure to elevated
hormones during pregnancy and inflammation related to
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Table 1 Relationship between average number of acini per TDLU and tumor characteristics among women < 55 years
old.
Average number of acini (tertiles)*
Tumor characteristics

Low

Middle

High

OR (95% CI)**

N

%

N

%

N

%

Tumor size
≤ 2 cm

48

31.8

50

33.1

53

35.1

Ref

> 2 cm

40

31.0

40

31.0

49

38.0

1.15 (0.64, 2.06)

Negative

54

34.2

47

29.7

57

36.1

Ref

Positive

32

27.1

41

34.8

45

38.1

1.31 (0.72, 2.38)

P**

0.64

Axillary node metastases
0.37

Histology
Ductal

49

27.5

56

31.5

73

41.0

Ref

Lobular
Mixed

18
11

40.9
30.6

14
17

31.8
47.2

12
8

27.3
22.2

0.45 (0.20, 1.03)
0.47 (0.17, 1.27)

0.06
0.13

Other

10

43.5

3

13.0

10

43.5

0.79 (0.30, 2.07)

0.62

Tumor grade
Well differentiated

25

36.2

19

27.5

25

36.2

Ref

Moderately differentiated

43

28.5

54

35.8

54

35.8

1.06 (0.56, 2.13)

0.88

Poorly differentiated

20

32.8

17

27.9

24

39.3

0.97 (0.42, 2.25)

0.95

Negative
Positive

14
74

17.5
36.8

27
63

33.7
31.3

39
64

48.8
31.8

Ref
0.34 (0.17, 0.70)

0.003

Negative

24

27.9

28

32.6

34

39.5

Ref

Positive

64

32.8

62

31.8

69

35.4

0.76 (0.40, 1.43)

Negative

72

34.6

64

30.8

72

34.6

Ref

Positive

16

22.9

24

34.3

30

42.9

1.72 (0.85, 3.49)

79

34.1

78

33.6

75

32.3

Ref

9

19.1

10

21.3

28

59.6

2.78 (1.21, 6.39)

ER

PR
0.39

CK5

EGFR
Negative
Positive

0.13

0.02

*Number of acini reflects averaged values from TDLUs per case in tertiles from lowest to highest; Number of acini per TDLU (1: 0 to 10, 2: 11 to 20, 3: 21 to 30, 4:
31 to 50, 5: 51 to 100, 6: > 100), low = 1 to 1.34; middle = 1.34 to 1.8; high = > 1.8. **P-values, ORs and 95% CIs were obtained from logistic regression analyses
comparing cases with the highest to the lowest tertile of number of acini per TDLU adjusted for age and study site.

Figure 2 Average number of acini per TDLU and marker expression levels in invasive tumors. ER, PR, and EGFR expression levels were
measured using AQUA™, which is a quantitative immunofluorescent method that provides continuous measurement of expression levels.
AQUA scores were transformed as previously described [19].
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Table 2 TDLU involution variables and tumor subtypes (CBP vs.
Involution

Luminal A
N

%

CBP
N

%

OR*

95% CI

P

ORadj**

95% CI

P

#acini/TDLU
Tertile 1

81

34.9

7

14.3

Ref

Tertile 2

74

31.9

16

32.6

2.55

0.98, 6.64

0.05

3.08

Ref
1.07, 8.89

0.04

Tertile 3

77

33.2

26

53.1

3.36

1.36, 8.32

0.009

4.44

1.58, 12.51

0.005

Tertile 1

76

32.8

9

18.4

Ref

Tertile 2
Tertile 3

79
77

34.0
33.2

12
28

24.5
57.1

1.25
2.49

0.49, 3.16
1.08, 5.74

0.64
0.03

1.35
3.84

0.47, 3.84
1.45, 10.13

0.58
0.007

Size of TDLUs
Ref

Luminal A) among women < 55 years old.

postpartum involution [24]. Data also suggest that pregnancy may induce proliferation of progenitor cells
expressing basal markers [26], whereas long-term breastfeeding, which reduces cancer risk, may decrease the
number of these cells by inducing terminal differentiation
[26,27]. Therefore, a full-term pregnancy followed by a
short duration of lactation may lead to retention of progenitor cells and increased risk for CBP cancers. Consistent with these findings, Symmans et al. found that
women who do not breastfeed for longer periods are at
increased risk of triple-negative breast cancers [28]. In a
recent study of African American women with breast
cancer, higher parity was associated with an increased
risk of ER-negative or PR-negative breast cancer, which
was mitigated by breastfeeding [29]. In this respect, our
finding that TDLU involution is less in CBP as compared
to luminal A cancers is consistent with the hypothesis
that CBP cancers are related to hyperplastic processes in
the breast that have not fully regressed postpartum.
Our findings may also have potential implications for
understanding racial disparities in breast cancer. Compared to Caucasian women, African American women
undergo menarche at younger ages [30], have higher parity [31], breastfeed less [6], and have higher rates of CBP
cancers. Thus, etiological differences between luminal A
and CBP breast cancers may reflect the effect and/or the
interaction of risk factors on TDLU involution, molecular
characteristics and function. Expansion of these results
would have potential implications for developing prevention strategies because TDLU size could represent a biomarker for assessing breast cancer risk and perhaps the
effects of preventive interventions among women who
have been biopsied for benign breast diseases [16,22].
Our study is limited by the comparatively small sample
size, which provides modest power to evaluate associations between TDLU involution and breast cancer subtypes. In addition, because our analyses uses tissues from
women with breast cancer, we cannot distinguish
whether TDLU morphology influences breast cancer risk

or reflects the influence of tumors on the surrounding
breast. However, the similarity of the TDLU morphology
in samples proximal and distal from the tumor may
weaken this argument because other field effects are
more pronounced in close proximity to cancer [32].
Another limitation of this case-only study design is that
we cannot obtain the relative risks associated with the
TDLU involution variables for each tumor subtype. However, acquiring appropriate resources, with the prospective collection of breast tissues prior to cancer diagnosis
and sufficient number of cases with CBP tumors developed afterwards, to obtain such risk estimates may be
challenging. Finally, we restricted our analysis to younger
women to avoid biases related to the ability to observe
TDLUs at later ages. Strengths of our study include the
population-based design, comprehensive collection of
breast cancer risk factors, detailed analysis of marker
expression using multiple methods, and availability of
cancer and non-cancer tissues collected for research. Our
TDLU assessment was subjective; however, our review
was masked and reproducible.

Conclusions
Our findings suggest that the morphology of TDLUs
associated with luminal A and CBP cancers varies,
which may reflect differences in the pathogenesis of
these etiologically distinctive tumors. Confirmation and
extension of these findings by performing molecular
analyses of TDLUs may provide insights into the pathogenesis of different breast cancer subtypes and/or their
secondary effects on peritumoral tissues. Data suggest
that CBP cancers may have a high risk of local recurrence [33], which could reflect the presence of residual
abnormal epithelium remaining in the breast after initial
treatment. Accordingly, future studies to map TDLUs
for histopathological and molecular characterization
may have value for understanding the pathogenesis of
different subtypes of breast cancer and achieving translational goals.

Yang et al. Breast Cancer Research 2012, 14:R64
http://breast-cancer-research.com/content/14/2/R64

Page 7 of 8

Additional material
7.
Additional file 1: Supplementary figures and tables. Figure S1 and
Table S1.

8.
Abbreviations
95% CI: 95% confidence interval; BMI: body mass index; CBP: core basal
phenotype; CK: cytokeratin; DT: distant benign tissue block; EGFR: epidermal
growth factor receptor; ER: estrogen receptor; HER2: human epidermal
growth factor receptor 2; HRT: hormone replacement therapy; OR: odds
ratio; PR: progesterone receptor; PT: peritumoral block; TDLUs: terminal duct
lobular units; TMAs: tissue microarrays; TN: triple-negative.

9.

Acknowledgements
This research was supported in part by the Intramural Research Program of
the NIH, NCI, DCEG.

10.
11.

Author details
1
Division of Cancer Epidemiology & Genetics, National Cancer Institute,
National Institutes of Health, Bethesda, MD, USA. 2Institute of Biostatistics,
School of Life Science, Fudan University, Shanghai, China. 3Tissue Array
Research Program, Laboratory of Pathology, Center for Cancer Research,
National Cancer Institute, National Institutes of Health, Bethesda, MD, USA.
4
Department of Cancer Epidemiology and Prevention, Cancer Center and M.
Sklodowska-Curie Institute of Oncology, 02-781 Warsaw, Poland. 5Nofer
Institute of Occupational Medicine, 91-348 Lodz, Poland. 6Division of
Genetics and Epidemiology, Institute of Cancer Research, London, UK.
Authors’ contributions
XRY and MES designed the study. XRY conducted the analysis and drafted
the manuscript. JDF contributed to the study design and manuscript
preparation. JDF, RTF, JL, BP, LB and MGC contributed to the organization
and design of the study. HZ and RMP provided statistical input. SMH
contributed to subtyping of breast tumors. MES performed the pathology
review and TDLU assessment and contributed to the manuscript
preparation. All authors read and approved the final manuscript.

12.

13.

14.

15.
16.

Competing interests
The authors declare that they have no competing interests.
17.
Received: 11 January 2012 Revised: 19 March 2012
Accepted: 18 April 2012 Published: 18 April 2012
References
1. Althuis MD, Fergenbaum JH, Garcia-Closas M, Brinton LA, Madigan MP,
Sherman ME: Etiology of hormone receptor-defined breast cancer: a
systematic review of the literature. Cancer Epidemiol Biomarkers Prev 2004,
13:1558-1568.
2. Ma H, Bernstein L, Pike MC, Ursin G: Reproductive factors and breast
cancer risk according to joint estrogen and progesterone receptor
status: a meta-analysis of epidemiological studies. Breast Cancer Res 2006,
8:R43.
3. Yaghjyan L, Colditz GA, Collins LC, Schnitt SJ, Rosner B, Vachon C,
Tamimi RM: Mammographic breast density and subsequent risk of breast
cancer in postmenopausal women according to tumor characteristics. J
Natl Cancer Inst 2011, 103:1179-1189.
4. Yang XR, Chang-Claude J, Goode EL, Couch FJ, Nevanlinna H, Milne RL,
Gaudet M, Schmidt MK, Broeks A, Cox A, Fasching PA, Hein R, Spurdle AB,
Blows F, Driver K, Flesch-Janys D, Heinz J, Sinn P, Vrieling A, Heikkinen T,
Aittomäki K, Heikkilä P, Blomqvist C, Lissowska J, Peplonska B, Chanock S,
Figueroa J, Brinton L, Hall P, Czene K, et al: Associations of breast cancer
risk factors with tumor subtypes: a pooled analysis from the Breast
Cancer Association Consortium studies. J Natl Cancer Inst 2011,
103:250-263.
5. Turner NC, Reis-Filho JS: Basal-like breast cancer and the BRCA1
phenotype. Oncogene 2006, 25:5846-5853.
6. Millikan RC, Newman B, Tse CK, Moorman PG, Conway K, Dressler LG,
Smith LV, Labbok MH, Geradts J, Bensen JT, Jackson S, Nyante S, Livasy C,

18.

19.

20.

21.

22.

Carey L, Earp HS, Perou CM: Epidemiology of basal-like breast cancer.
Breast Cancer Res Treat 2008, 109:123-139.
Andre F, Dessen P, Tordai A, Michiels S, Liedtke C, Richon C, Yan K, Wang B,
Vassal G, Delaloge S, Hortobagyi GN, Symmans WF, Lazar V, Pusztai L:
Molecular characterization of breast cancer with high-resolution
oligonucleotide comparative genomic hybridization array. Clin Cancer Res
2009, 15:441-451.
Stefansson OA, Jonasson JG, Johannsson OT, Olafsdottir K, Steinarsdottir M,
Valgeirsdottir S, Eyfjord JE: Genomic profiling of breast tumours in
relation to BRCA abnormalities and phenotypes. Breast Cancer Res 2009,
11:R47.
Chin K, DeVries S, Fridlyand J, Spellman PT, Roydasgupta R, Kuo WL,
Lapuk A, Neve RM, Qian Z, Ryder T, Chen F, Feiler H, Tokuyasu T, Kingsley C,
Dairkee S, Meng Z, Chew K, Pinkel D, Jain A, Ljung BM, Esserman L,
Albertson DG, Waldman FM, Gray JW: Genomic and transcriptional
aberrations linked to breast cancer pathophysiologies. Cancer Cell 2006,
10:529-541.
Dontu G, El-Ashry D, Wicha MS: Breast cancer, stem/progenitor cells and
the estrogen receptor. Trends Endocrinol Metab 2004, 15:193-197.
Lim E, Vaillant F, Wu D, Forrest NC, Pal B, Hart AH, Asselin-Labat ML,
Gyorki DE, Ward T, Partanen A, Feleppa F, Huschtscha LI, Thorne HJ, Fox SB,
Yan M, French JD, Brown MA, Smyth GK, Visvader JE, Lindeman GJ:
Aberrant luminal progenitors as the candidate target population for
basal tumor development in BRCA1 mutation carriers. Nat Med 2009,
15:907-913.
Mumcuoglu M, Bagislar S, Yuzugullu H, Alotaibi H, Senturk S, Telkoparan P,
Gur-Dedeoglu B, Cingoz B, Bozkurt B, Tazebay UH, Yulug IG, Akcali KC,
Ozturk M: The ability to generate senescent progeny as a mechanism
underlying breast cancer cell heterogeneity. PLoS One 2010, 5:e11288.
Graham K, Ge X, de Las Morenas A, Tripathi A, Rosenberg CL: Gene
expression profiles of estrogen receptor-positive and estrogen receptornegative breast cancers are detectable in histologically normal breast
epithelium. Clin Cancer Res 2011, 17:236-246.
Camp JT, Elloumi F, Roman-Perez E, Rein J, Stewart DA, Harrell JC,
Perou CM, Troester MA: Interactions with fibroblasts are distinct in Basallike and luminal breast cancers. Mol Cancer Res 2011, 9:3-13.
Henson DE, Tarone RE: On the possible role of involution in the natural
history of breast cancer. Cancer 1993, 71:2154-2156.
Milanese TR, Hartmann LC, Sellers TA, Frost MH, Vierkant RA, Maloney SD,
Pankratz VS, Degnim AC, Vachon CM, Reynolds CA, Thompson RA,
Melton LJ, Goode EL, Visscher DW: Age-related lobular involution and risk
of breast cancer. J Natl Cancer Inst 2006, 98:1600-1607.
Garcia-Closas M, Brinton LA, Lissowska J, Chatterjee N, Peplonska B,
Anderson WF, Szeszenia-Dabrowska N, Bardin-Mikolajczak A, Zatonski W,
Blair A, Kalaylioglu Z, Rymkiewicz G, Mazepa-Sikora D, Kordek R, Lukaszek S,
Sherman ME: Established breast cancer risk factors by clinically
important tumour characteristics. Br J Cancer 2006, 95:123-129.
Yang XR, Sherman ME, Rimm DL, Lissowska J, Brinton LA, Peplonska B,
Hewitt SM, Anderson1 WF, Szeszenia-Dąbrowska N, Bardin-Mikolajczak A,
Zatonski W, Cartun R, Mandich D, Rymkiewicz G, Ligaj M, Lukaszek S,
Kordek R, García-Closas M: Differences in risk factors for breast cancer
molecular subtypes in a population-based study. Cancer Epidemiol
Biomarkers Prev 2007, 16:439-443.
Sherman ME, Rimm DL, Yang XR, Chatterjee N, Brinton LA, Lissowska J,
Peplonska B, Szeszenia-Dąbrowska N, Bardin-Mikolajczak A, Zatonski W,
Cartun R, Mandich D, Rymkiewicz G, Mazepa-Sikor D, Lukaszek S,
Kalaylioglu Z, Charrette L, Falk R, Richesson D, Hewitt S, García-Closas M:
Variation in breast cancer hormone receptor and HER2 levels by
etiologic factors: a population-based analysis. Int J Cancer 2007,
121:1079-1085.
Rubin MA, Zerkowski MP, Camp RL, Kuefer R, Hofer MD, Chinnaiyan AM,
Rimm DL: Quantitative determination of expression of the prostate
cancer protein alpha-methylacyl-CoA racemase using automated
quantitative analysis (AQUA): a novel paradigm for automated and
continuous biomarker measurements. Am J Pathol 2004, 164:831-840.
Lee S, Mohsin SK, Mao S, Hilsenbeck SG, Medina D, Allred DC: Hormones,
receptors, and growth in hyperplastic enlarged lobular units: early
potential precursors of breast cancer. Breast Cancer Res 2006, 8:R6.
McKian KP, Reynolds CA, Visscher DW, Nassar A, Radisky DC, Vierkant RA,
Degnim AC, Boughey JC, Ghosh K, Anderson SS, Minot D, Caudill JL,
Vachon CM, Frost MH, Pankratz VS, Hartmann LC: Novel breast tissue

Yang et al. Breast Cancer Research 2012, 14:R64
http://breast-cancer-research.com/content/14/2/R64

23.

24.
25.
26.

27.
28.

29.

30.

31.

32.

33.

Page 8 of 8

feature strongly associated with risk of breast cancer. J Clin Oncol 2009,
27:5893-5898.
Troester MA, Lee MH, Carter M, Fan C, Cowan DW, Perez ER, Pirone JR,
Perou CM, Jerry DJ, Schneider SS: Activation of host wound responses in
breast cancer microenvironment. Clin Cancer Res 2009, 15:7020-7028.
Lyons TR, Schedin PJ, Borges VF: Pregnancy and breast cancer: when they
collide. J Mammary Gland Biol Neoplasia 2009, 14:87-98.
Jatoi I, Anderson WF: Qualitative age interactions in breast cancer
studies: a mini-review. Future Oncol 2010, 6:1781-1788.
Bocker W, Moll R, Poremba C, Holland R, Van Diest PJ, Dervan P, Bürger H,
Wai D, Ina Diallo R, Brandt B, Herbst H, Schmidt A, Lerch MM,
Buchwallow IB: Common adult stem cells in the human breast give rise
to glandular and myoepithelial cell lineages: a new cell biological
concept. Lab Invest 2002, 82:737-746.
Russo J, Russo IH: Toward a physiological approach to breast cancer
prevention. Cancer Epidemiol Biomarkers Prev 1994, 3:353-364.
Symmans WF, Fiterman DJ, Anderson SK, Ayers M, Rouzier R, Dunmire V,
Stec J, Valero V, Sneige N, Albarracin C, Wu Y, Ross JS, Wagner P,
Theriault RL, Arun B, Kuerer H, Hess KR, Zhang W, Hortobagyi GN, Pusztai L:
A single-gene biomarker identifies breast cancers associated with
immature cell type and short duration of prior breastfeeding. Endocr
Relat Cancer 2005, 12:1059-1069.
Palmer JR, Boggs DA, Wise LA, Ambrosone CB, Adams-Campbell LL,
Rosenberg L: Parity and lactation in relation to estrogen receptor
negative breast cancer in African American women. Cancer Epidemiol
Biomarkers Prev 2011, 20:1883-1891.
Herman-Giddens ME, Slora EJ, Wasserman RC, Bourdony CJ, Bhapkar MV,
Koch GG, Hasemeier CM: Secondary sexual characteristics and menses in
young girls seen in office practice: a study from the Pediatric Research
in Office Settings network. Pediatrics 1997, 99:505-512.
Ventura SJ, Abma JC, Mosher WD, Henshaw SK: Estimated pregnancy rates
by outcome for the United States, 1990-2004. Natl Vital Stat Rep 2008,
56:1-25, 28.
Yan PS, Venkataramu C, Ibrahim A, Liu JC, Shen RZ, Diaz NM, Centeno B,
Weber F, Leu YW, Shapiro CL, Eng C, Yeatman TJ, Huang TH: Mapping
geographic zones of cancer risk with epigenetic biomarkers in normal
breast tissue. Clin Cancer Res 2006, 12:6626-6636.
Meyers MO, Klauber-Demore N, Ollila DW, Amos KD, Moore DT, Drobish AA,
Burrows EM, Dees EC, Carey LA: Impact of breast cancer molecular
subtypes on locoregional recurrence in patients treated with
neoadjuvant chemotherapy for locally advanced breast cancer. Ann Surg
Oncol 2011, 18:2851-2857.

doi:10.1186/bcr3170
Cite this article as: Yang et al.: Analysis of terminal duct lobular unit
involution in luminal A and basal breast cancers. Breast Cancer Research
2012 14:R64.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

