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interactions
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INTRODUCTION
Although deaths from breast cancer are 
decreasing in many Western countries, the inci-
dence of the disease is increasing, particularly 
in countries with a historically low incidence, 
such that breast cancer is now the world’s most 
prevalent cancer.1 The increase in incidence is 
almost certainly related to changes in dietary and 
reproductive patterns associated with Western 
lifestyles. There is increasing interest in preven-
tion of the disease in order to save women the 
trauma of diagnosis and treatment. An over-
view of four major tamoxifen prevention trials 
showed a 38% reduction in breast cancer inci-
dence in women who were at very high risk of 
the disease.2 Despite this selection, it is estimated 
that over 50 women need to be treated to prevent 
a single case of breast cancer.2 

Thus, along with a need to introduce new 
effective risk-reducing measures, there is also 
a need to improve the identification of women 
who are at increased risk of breast cancer. The 
two problems are interrelated because pre diction 
of risk depends upon combining risk factors in 
order to give women their odds of developing 
breast cancer. Similarly, prevention partly 
depends upon reversing the cancer-inducing 
effects of risk factors such as hormones, repro-
ductive factors and lifestyle factors (e.g. by 
inhibiting the estrogenic effects on breast 
epithelial cell proliferation) and reversing the 
negative effects of weight gain and sedentary 
lifestyle (Figure 1). Since all risk factors and 
preventive methods (Figure 2) must ultimately 
exert their effects upon breast tissue, it is impor-
tant to determine how these effects might occur 
especially in light of cellular and molecular 
changes in the breast which, in turn, might give 
insight into new approaches for prediction and 
prevention. Here we outline the complexity of 
breast tissue and changes in its structure with 
age, and summarize current approaches to risk 
calculation and prevention. We also attempt to 
give some insight into what is currently known 
about molecular mechanisms in relation to the 
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REVIEW CRITERIA
The PubMed database was searched using Entrez for articles published up to 
30 July 2005, including electronic early release publications. MEDLINE was 
searched for articles published up to August 2005 using OVID. The search terms 
included “breast cancer”, “prediction”, “prevention” and/or “risk”, among others. 
The abstracts of retrieved citations were reviewed and prioritized by relative 
content. Full articles were obtained and references were checked for additional 
material when appropriate. 
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cellular changes and interactions in the breast, 
disruption of which can lead to breast cancer, 
and summarize current preventative strategies 
and suggest new ones. 

BREAST STRUCTURE: CHANGES WITH AGE
The breast arises from a specialized outgrowth of 
skin epithelium during the second trimester of 
pregnancy.3 Estrogen receptor (ER) alpha gene 
expression begins in mammary epithelium at 
30 weeks of intrauterine life and, in general, the 
numbers of epithelial cells that express the receptor 
increase with age.4 Some breast secretory activity 
occurs at birth but the major development of the 
breast occurs during puberty, and cyclical prolif-
erative activity in the epithelium continues until 
the menopause. Going and Moffat5 have shown 
that as many as 15 ducts arise from the nipple, 
with each producing non-overlapping territo-
ries, which vary greatly in both area and ductal 
size (Figure 3A,B). In nulliparous women, breast 
lobules are small; they increase in size during preg-
nancy and then regress, though usually remain 
larger than nulliparous lobules (Figure 3C). 
The major tissue component of the breast is 
stroma. During early reproductive life breast 
tissue comprises approximately 20% epithelium, 
20% fat and 60% connective tissue. These propor-
tions change with age such that the amounts of 
epithelium and connective tissue decline6 (Figure 
3D) and the fat content increases. The density 
of breast tissue, as evaluated by mammograms, 
is thought to represent connective tissue and 
epithelium; this density also declines with age7 
(Figure 3E). Although increased breast density 

is clearly associated with increased risk, reduc-
tion in breast density with chronological age, and 
increase in density with weight loss, do not appear 
to correlate with an increased risk of cancer. It is 
of interest, and it might be important biologically, 
that changes in relative breast composition begin 
before the menopause. Although the epithelium 
volume declines with age, related to atrophy of 
lobules, many studies show that a large proportion 
of breasts in older women show features of prema-
lignancy in some ducts and lobules. The increase 
in breast hyperplasia with age seen in two large 
postmortem studies is shown in Figure 3F.8,9

PREDICTION OF BREAST CANCER
Several methods of predicting risk of breast 
cancer in the clinic have been devised based on 
currently known risk factors.10 Some depend 
on family history alone (e.g. the Claus and Ford 
models) and others depend upon hormonal and 
reproductive factors in addition to family history 
(e.g. the Gail and Tyrer–Cuzick models, Table 1, 
Figure 4). Outside of the clinics where most 
women have sufficiently strong family histories 
to have a high probability of harboring mutations 
in BRCA1, BRCA2 and TP53 genes, models that 
combine as many risk factors as possible are pref-
erable. The Gail model accurately predicted the 
number of cancers in the Nurses Health Study,11 
but in our clinic, the Tyrer–Cuzick model, which 
depends on extent of family history and several 
endocrine factors, showed a better prediction 
than models using fewer risk factors (Table 1).12 
Although these models have good predictive 
power for the number of cancer cases likely to 

Prediction
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Figure 1 Prediction, prevention and biology of breast cancer. We propose that further study of the effects of 
risk factors and prevention strategies on the molecular biology of the breast is the key to new approaches.
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be seen in a population, Rockhill et al.11 point 
out that they have low discriminatory accuracy in 
that they cannot positively identify the particular 
woman who might develop breast cancer. It is 
estimated that for a genuine risk factor, differ-
ences in risk between high-risk and low-risk 
groups could need to be greater than a 100-fold 
in order to be used as a worthwhile screening test 
based upon the distribution of the relative risk 
within the whole population.13 For example, 
alpha- fetoprotein is highly predictive for spina 
bifida, whereas serum cholesterol is not a good 
screening test for death from ischemic heart 
disease. Thus, a mutation in BRCA1, BRCA2 or 
TP53 is a useful test, but other breast cancer risk 
factors are relatively weak, alone or in combina-
tion, and might not represent good markers to 
test for risk. At present, studies are in progress to 
determine whether inclusion of additional factors 
to the models, such as  mammographic density,14 
weight gain15 and serum steroid hormone 
measurements,16 will improve prediction. 

Based on analysis of large numbers of fami-
lies,17 and on results of twin studies,18 it has 
been suggested that most breast cancers will 
occur in a predictable minority of the popula-
tion, and that efforts to determine methods of 
identifying this population are worthwhile. The 
concept of the ‘at risk’ breast is supported by 
the extensive and careful postmortem studies 
of Nielsen.19 She found that newly-identified 
invasive and noninvasive breast cancers could 
be detected in the contralateral breast of 68% 
of women who died from breast cancer (this 
increased to 80% if contralateral metastases 
were included), whereas only 8% of breasts 
harbored malignancy in women dying of other 
causes. Two general approaches are being used 
to determine new markers of this apparent 
genetic risk. On the basis that single nucleotide 
polymorphisms (SNPs) might alter gene expres-
sion, many centers are attempting to determine 
a group of SNPs that might predict breast 
cancer.20 An alternative approach is examining 
the expression of genes and proteins within the 
breast, which might predict risk, or perhaps 
focusing on other tissues (e.g. lymphocytes), 
since it would be very difficult to advocate breast 
biopsy on a population basis.

PREVENTION OF BREAST CANCER
To date, the most successful methods for 
preventing breast cancer have involved 
 inter ference of estrogen activity either by 

blocking the ER (with agents such as tamoxifen 
and raloxifene) or by reducing estrogen concen-
trations by inhibiting the enzyme aromatase 
(with drugs such as anastrozole, letrozole and 
exemestane) (Figure 5). In four trials, tamox-
ifen prevented 38% of breast cancer cases2 and 
raloxifene reduced breast cancer incidence 
in osteo porotic postmenopausal women by 
59%.21 The American/Canadian STAR (Study 
of Tamoxifen and Raloxifene) trial will soon 
report on the relative merits of the two drugs. 
Since both tamoxifen and raloxifene are effec-
tive preventative agents, the STAR trial is 
assessing the relative efficacy and tolerability 
of the drugs; it has completed trial entry of 
19,747 subjects. Tamoxifen reduces contralat-
eral breast cancer by 50% in pre menopausal and 
post menopausal women treated for an invasive 
cancer in the index breast. Aromatase inhibitors 
(AIs) reduced contralateral breast cancer by 50% 
compared with tamoxifen in randomized adju-
vant endocrine therapy trials, indicating that AIs 
might reduce breast cancer overall by 70–80% 
compared with no treatment in postmenopausal 
women only.22 Two clinical trials are investi-
gating the possibility that AIs will prevent the 
majority of breast cancers: IBIS II (anastrozole 
versus placebo) and MA3 ( exemestane versus 
placebo). In epidemiological studies, oopho-
rectomy at 40 years of age reduces breast cancer 
risk by 50%; trials are in progress to determine 
whether temporary ovarian ablation with a 
gonadorelin analog for 2 years will have a similar 
effect.23 In practice, tamoxifen is the only agent 
with FDA approval; it is not in widespread use, 
however, possibly because of the concern over 
side effects and its relative lack of specificity.

Other potential methods for breast cancer 
prevention are derived mainly from data from 
epidemiological studies. Adult weight gain 
can potentially double breast cancer risk;15 
we have recently shown in collaboration with 
the Iowa Women’s Health Study group that 
weight reduction by at least 5% and weight 
loss maintenance in the premenopausal period 
reduced post menopausal breast cancer risk by 
39%, while weight loss in the postmenopausal 
period reduced risk by 25%.24 As it is difficult 
to promote weight loss on a population basis 
there is interest in identifying energy restric-
tion mimetic agents, which act by inhibiting 
gly colysis.25,26 Most studies investigating the 
impact of exercise on breast cancer risk show 
a 20–30% reduction in breast cancer risk with 
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exercise, but many questions remain concerning 
the timing and extent of exercise required. 
Benefit might be gained from 1.25–2.5 hours of 
moderate exercise per week.27 It is possible that 
both excess weight and lack of exercise mediate at 
least some of their risk through the inflammatory 
pathway. Some  epidemiological studies,28 but not 
all, suggest that non steroidal anti- inflammatory 
drugs (NSAIDs) and statins29 might reduce 
breast cancer risk. Clinical trials are required to 
sub stantiate these studies; however, in light of 
recent data showing an increased risk of colorectal 
cancer with the cyclo-oxygenase 2 (COX2) 
inhibitor, rofecoxib, this will be difficult to 
address.30 One large randomized controlled 
trial in the US (n = 39,876), however, showed 
that 100 mg of aspirin on alternate days for a 
prolonged period is ineffective for breast cancer 
prevention.31 A full discussion of potential agents 

for prevention of breast cancer is beyond the 
scope of this article and the reader is referred to 
the recent reviews of Manson et al.32 for discus-
sion of the preventative value of natural prod-
ucts, and to Shen and Brown33 for syn thesized 
compounds; however, a summarized list of breast 
cancer preventative agents is given in Table 2.

CELLULAR AND MOLECULAR BIOLOGY 
OF THE BREAST
Understanding the biology of the breast is impor-
tant for future risk prediction and reduction 
strategies. The normal and ‘at risk’ human breast 
is a difficult organ to study because of problems 
of access, and breast heterogeneity. Many data on 
the importance of cellular and molecular biology 
of the breast are derived from rodent or in vitro 
studies. Nevertheless these are important for our 
mechanistic understanding of the human breast 
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Figure 2 Overview of the many complex risk factors associated with breast cancer. The diagram summarizes the unavoidable 
(inherited) and modifiable risk factors that can ultimately lead to tumorigenesis. Genes/pathways/risk factors are shown in red; 
inherited or unmodifiable factors are shown in green; modifiable variables are shown in blue; life events are represented by gray boxes; 
increased/positive effects are denoted by solid arrows; and reduced/negative effects are denoted by dashed arrows. 
AIs, aromatase inhibitors; ATM, ataxia telangiectasia mutated; BRCA, breast cancer early onset; CAFs, cancer associated fibroblasts; 
CHEK2, CHK2 checkpoint homolog; HRT, hormone replacement therapy; SERMs, selective estrogen receptor modulators.
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in situ. Genetic experiments on the rodent breast, 
especially during puberty, have highlighted the 
importance not only of the epithelium but also 
of interactions between these cells and other 
cell types within the breast (Figure 6), such as 
fibroblasts, adipocytes and macrophages.34 
For example, the breast does not develop when 
either parathyroid hormone-related peptide 
in the epithelium or its receptor on fibroblasts 
are knocked out. Insulin-like growth factor 1 
from fibroblasts is absolutely required for breast 
development as is the recruitment of macro-
phages by colony stimulating factor 1 (CSF-1) 
secreted from the epithelium. Rodent mammary 
glands do not develop in the absence of white 
adipose tissue or leptin, which is secreted by this 
tissue.35,36 Estrogen receptor signaling is essential 
for breast development as are a number of other 
signaling systems such as the Hedgehog (Hh) 
and Notch signaling pathways.37 A critical role 
for Hh signaling in mediating stromal–epithelial 
interactions during ductal development has been 
demonstrated by the genetic analysis of two Hh 
signal transduction network genes, Patched-1 
(Ptc-1) and Gli2. Disruption of either gene leads 
to similar, yet distinct, defects in ductal morpho-
genesis—mainly ductal dysplasias similar to 
the hyperplasias of the human breast.37,38 In 
other tissues, Notch signaling has been shown 
to have an important role in cell-fate determi-
nation, as well as in cell survival and prolifera-
tion.39 The vertebrate Notch4 gene is involved 
in normal mammary development. Transgenic 
mice expressing a constitutively active form of 
Notch4 fail to develop normal mammary glands 
and subsequently develop mammary tumors.40 A 
role for Notch in human breast cancer growth has 
recently been described.41 The importance of the 
stromal–epithelial interactions is demonstrated 
by experiments where the above factors—for 
example CSF-1—are overexpressed, resulting 
in malignancy. Interestingly,  irradiation or 
 carcinogen treatment of the cleared mammary fat 
pad results in neoplasia of reintroduced epithelial 
cells.42,43

It is clear that the majority of human breast 
neoplasms occur in the epithelium. Pathologists 
describe a continuum of epithelial abnor-
mality from hyperplasia, atypical hyperplasia 
and carcinoma in situ to invasive neoplasm. 
Wellings et al.44 described an atypical lobule 
thought to be the origin of breast cancer, which 
has since been renamed ‘hyperplastic enlarged 
lobular unit’ (HELU).45 This structure is of 
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Figure 3 Anatomy and changes within the breast with age. (A) A face view of 15 
ducts (I–XV) arising from the nipple with each producing non-overlapping territories 
that vary greatly in extent within the breast. Reproduced from Going JJ and 
Moffat DF (2004) Escaping from Flatland: clinical and biological aspects of human 
mammary duct anatomy in three dimensions. J Pathol 203: 538–544 © (2004) 
Pathological Society of Great Britain and Ireland. Permission is granted by John 
Wiley and Sons on behalf of the the Pathological Society. (B) Four lateral views 
of duct areas with the nipple superior. The areas vary greatly in size and position. 
Reproduced with permission from Moffatt DF and Going JJ (1996) J Clin Pathol 49: 
48–52 © (1996) BMJ publishing group. (C) Upper diagram shows a cross section 
through the breast of a nulliparous 19-year-old and the lower diagram show a breast 
from a 27-year-old in the third month of pregnancy. Reproduced with permission 
from Dabelow A (1957) Die Milchdrüse. In Handbuch der mikroskopischen Anatomie 
des Menschen, III/3, 277–485 (Ed Bargman W) © (1957) Springer Science and 
Business Media. (D) Percentage of connective tissue, fat and epithelium with age, 
obtained using morphometry on 58 breasts. (E) Change in proportion of women 
with fatty and dense breasts with age using data from the breast cancer detection 
and demonstration project (n = 283,222 women).7 Post, postmenopausal; pre, 
premenopausal. (F) Proportion of breasts containing areas of epithelial hyperplasia 
from two postmortem studies8,9 (Frantz et al., n = 225; Sandison, n = 800). 
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interest and, as seen with other hyperplasias, the 
proportion of ER-positive cells increases from 
about 20% in the normal breast to over 80% 
in hyperplasias and HELUs. Many of these ER-
positive cells are highly proliferative, and rarely 
observed in the normal breast but common in 
invasive malignancy.46 Some argue that breast 
cancers arise from ER-positive cells,47 whereas 
others argue from experimental data on human 
cells that they arise from both ER-negative stem 
cells and ER-positive progenitor cells.48,49 
These considerations are not only of academic 
importance but are of future significance for 
prevention methods that might target stem cell 
self renewal pathways, for example, inhibition 
of the Hh pathway with agents such as cyclo-
pamine or the Notch pathway with gamma 
 secretase inhibitors.

Epithelial cells become genetically unstable 
during carcinogenesis, a phenomenon difficult 

to examine in the normal human breast in situ. 
Blood lymphocytes have therefore been used as 
surrogates. Studies demonstrate that women 
with, or at risk of, breast cancer, might have 
defective DNA repair and increased chromo-
somal radiosensitivity in both these cells.50,51 
Further investigation into these phenomena is 
needed in order to determine whether they will 
be efficient risk predictors. Blood samples are 
being collected from a large cohort of women 
in Norway (NOWAC study), which will consti-
tute a large resource to study possible changes 
in lymphocytes that might reveal possible risk 
factors.52

Other predictors of risk might be early changes 
within the epithelium, if found to be widespread. 
Silencing of the tumor suppressor gene p16INK4 
associated with an increased expression of the 
stress-activated protein kinase p38 and COX2 
have been described in approximately 30% of 

Table 1 Variables used in the Gail, Claus, Ford, Tyrer–Cuzick risk calculation models and the observed 
over expected ratios for each model in the Manchester population.a 

Gail Claus Ford Tyrer–Cuzick

Prediction

Follow-up study (observed/expected) 0.48 0.56 0.49 0.81

95% confidence interval (0.54–0.90) (0.59–0.99) (0.52–0.80) (0.85–1.41)

Personal information

Age Yes Yes Yes Yes

Body mass index No No No Yes

Hormonal factors

Menarche Yes No No Yes

First live birth Yes No No Yes

Menopause No No No Yes

HRT No No No Yes

Personal breast disease

Breast biopsies Yes No No Yes

Atypical ductal hyperplasia Yes No No Yes

Lobular carcinoma in situ No No No Yes

Family History

First degree relatives Yes Yes Yes Yes

Second degree relatives No Yes Yes Yes

Age of onset of breast cancer No Yes Yes Yes

Bilateral breast cancer No No Yes Yes

Ovarian cancer No No Yes Yes

Male breast cancer No No Yes No

a1,933 women who developed 52 cancers over a mean follow up period of 5.27 years.12
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women with histologically normal breasts.53 
Other findings of reduced apoptosis,54 increased 
ER expression,55 reduced integrin expression56 
and loss of heterozygosity57 in ‘normal’ tissue 
might also indicate predictors of risk.

Fibroblasts are necessary for breast develop-
ment and might play an important role in the 
adult mammary gland. Increased numbers of 
fibroblasts and collagen deposition have been 
demonstrated in mammographic dysplasia, 
and growth factor secretions stimulate tumor-
cell growth.58,59 Senescent fibroblasts secrete 
hepatocyte growth factor and other factors, 
which increases epi thelial branching.60 
Human mammary fibroblasts are also vital to 
the ‘uptake’ of human epi thelial cells in the 
fat pad of immune-deprived mice, a process 
that is enhanced if the fibroblasts are trans-
duced with genes for hepatocyte growth factor 
and transforming growth factor-β (TGF-β).61 
Adipocytes secrete factors such as leptin and 
collagen VI, which stimulate epithelial cell 
growth.62 Leptin also stimulates aromatase 
synthesis and ER transactivation,63 and cyto-
kines such as interleukin-6 and tumor-necrosis 
factor-α can stimulate aromatase activity indi-
cating another method of stimulating epi thelial 
cell growth by the production of estrogen. 
Leukocytes (e.g. macrophages) and inflamma-
tion might be critical to tumor development 
and progression (for review see Coussens and 
Werb64). An increased number of macrophages 
are detectable in experimental animals before 
the onset of neoplasia. It has been estimated 
that the percentage of macrophages in the 
adipose tissue of obese humans approaches 40% 
(compared with less than 10% in lean subjects) 
and it will be of interest to determine whether 
this also occurs in the breast.65 The major 
cell types in the breast and their inter actions 
mediated by secretory products are shown in 
Figure 6. The data to support this schema are 
derived from the studies summarized above. 
It is a major challenge to determine whether 
each cell is important in human mammary 
carcinogenesis, but such studies might produce 
new targets for prevention. Major questions 
are still unanswered. For example, how impor-
tant are fibroblasts and their secretions in the 
risk associated with mammographic density, 
does calorie restriction act via adipocytes in 
the breast and do NSAIDs exert their effects 
directly on  epithelial cells or via resident breast 
 macrophages? 
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GENE EXPRESSION WITHIN THE BREAST
Various platforms and approaches have begun to 
show how gene expression profiles might differ 
under various circumstances within the breast, 
which could give an indication of risk. Young age 
of first birth is associated with reduced breast 
cancer risk; a gene expression comparison of the 
nulliparous versus the parous breast66 showed 
that differentiation markers were expressed in 
the parous breast, and growth and extracellular 
matrix genes in the nulliparous breast. In HELUs, 
Allred and colleagues showed G-protein over-
expression and increased retinoic acid pathway 
signaling compared with normal breast tissue.47 
Extensive microarray experiments on human 
invasive tumors, ductal carcinoma in situ and 
stromal components especially myofibroblasts 
have shown expression profiles unique to types 
of tumor and tumor stroma.67,68 CXCL12 and 
CXCL14 chemokines, overexpressed in tumor 

myoepithelial cells and myofibroblasts, respec-
tively, bind to receptors on epithelial cells and 
enhance their proliferation, migration and inva-
sion. Thus, chemokines might play a role in breast 
tumorigenesis by acting as paracrine factors.68 
If some of these genes were over expressed in 
some normal breast tissue they might constitute 
risk markers. Interestingly the ‘wound profile’ 
generated by Chang and colleagues69 on the 
trans criptional response of normal fibroblasts 
to serum is a poor prognostic factor in human 
breast tumors; it was previously thought that the 
molecular program of normal wound healing 
might play an important role in cancer meta-
stasis. Senescent fibroblasts tend to overexpress 
wound repair genes70 and pre adipocytes over-
express genes for extracellular matrix compo-
nents.71 In obese subjects, inflammatory gene 
expression in abdominal subcutaneous fat 
was altered; there was increased expression of 

Table 2 A summarized list of potential breast cancer prevention agents.a

Preventive agents Class of agent/mechanism of action

Anti-hormones

Tamoxifen, raloxifene, ospemifene, arzoxifene SERM

Goserelin Gonadotropin-releasing hormone analog

Anastrozole, letrozole, exemestane Aromatase inhibitors

Phytoestrogens e.g. isoflavones SERM-like

Downstream signaling modulation

Retinoids (e.g. LGD1069, LG100268, fenretinide) RAR/RXR agonists

Circumin Inhibitor of AP1 and NFκB

Statins Inhibitor of NFκB

Parthenolide Inhibitor of NFκB

Selenium ERα signaling disruption

2-deoxyglucose Downregulation of AMPK/Akt signaling pathways

Thiazolidinediones PPARγ pathway agonism 

Non-steroidal anti-inflammatory drugs COX2 inhibitor

Huanglian (Chinese herb) Interferon-β upregulation

C75 Fatty acid synthase inhibitor

Resveratrol SIRT1 activator, multiple other targets

Green/black tea (polyphenols) Multiple targets

Indole-3-carbinol Multiple targets

aFor full details see Manson et al.32 for discussion of the preventative value of natural products and Shen and Brown33 for 
synthesized compounds. 
Akt, v-akt murine thymoma viral oncogene homolog 1; AMPK, adenosine monophosphate activated protein kinase; AP1, v-jun 
sarcoma virus 17 oncogene homolog (avian); COX2, cyclo-oxygenase 2; ERα, estrogen receptor alpha; NFκB, nuclear factor 
of kappa light chain gene enhancer in B-cells; PPARγ, peroxisome proliferator-activated receptor gamma; RAR, retinoic acid 
receptor; RXR, retinoid X receptor; SERM, selective estrogen receptor modulators; SIRT1, sirtuin (silent mating type information 
regulation 2 homolog) 1.
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proinflammatory genes and decreased expres-
sion of anti-inflammatory genes in abdominal 
subcutaneous fat of obese compared with 
non-obese subjects, which reverted to normal 
with one month period of diet-induced weight 
reduction.71 This is an important study since it 
demonstrates that extensive information based 
upon gene expression arrays might be obtained 
by biopsy before and after short-term human 
lifestyle intervention.

MEDIATORS OF PREVENTION
Greater understanding of more general media-
tors of breast cancer risk might allow the develop-
ment of new novel therapies for breast cancer 
prevention. Risk factors such as obesity and 
inflammation are associated with changes in 
intracellular signaling pathways, which could 
be the targets of preventive agents and lifestyle 
change. Interactions between these pathways and 
response to agents might not only give an indi-
cation of the mechanisms of action of current 
agents but could lead to the development of new 
agents. Nuclear factor kappa B (NFκB) has been 
shown to be a central mediator of the develop-
ment of malignancy in epithelia and also of 
tumor promotion by macrophage infiltration, 
since inhibition of NFκB activity in either cell 
type is associated with reduced tumor formation, 
decreased inflammation and increased apop-
tosis.72 Indeed NFκB has been called a ‘major 
culprit’ in tumor development,73 and its activity 
is reduced by dietary energy restriction by reduc-
tion of AMP-related kinase and Akt/protein 
kinase B, and can also be reduced by increased 
SIRT1 (silent mating type information regulation 
2 homolog) activity. SIRT1 is the human homo-
logue of SIR2, a histone deacetylase that is asso-
ciated with longevity in Caenorhabditis elegans 
and Drosophila.74 Accordingly, as resveratrol is 
known to increase SIRT1, this might be one of 
the mechanisms of resveratrol’s highly favorable 
preventive effects in experimental systems.75 
NFκB overexpression inhibits the activity of the 
ER,76 and parthenolide, an NFκB inhibitor, can 
reverse subsequent tamoxifen and fulvestrant 
resistance in mammary tumor cell lines.77,78 
NFκB also upregulates COX2 via mechanisms 
involving retinoids,79 which leads to increased 
prostaglandin synthesis, aromatase activity and 
cell proliferation. In Figure 7 we summarize some 
of the interactions, which might occur between 
these pathways, and how they might be inhibited 
by known chemoprevention agents and lifestyle 

change. It seems likely that in the future, a small 
number of preventive agents in combination, 
along with lifestyle changes, could be the answer 
to the prevention of breast cancer.

If the cellular interactions shown in Figure 6 are 
found to be important, it could be that we need to 
consider inhibiting the activity of more than one 
cell type: for example; energy restriction or energy 
restriction mimetic agents for adipocytes, NSAIDs 
for macrophages, selective estrogen receptor 
modulators (SERMs) or AIs for ER-positive 
epithelial cells and growth factor pathway inhibi-
tors for ER-negative epithelial cells. Alternatively, 
if NFκB is a ‘major culprit’ in tumor development, 
several pathways of inhibition might be more 
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Figure 6 Cellular interactions between different cell types within human breast 
tissue. Boxes represent the risk factors associated with specific breast cell 
types. The arrows represent signaling between the cell types. 
CCL5, chemokine ligand 5; CSF-1, colony-stimulating factor; CXCL12, 
chemokine ligand 12 (stromal cell-derived factor-1); CXCR4, chemokine receptor 
4; HGF, hepatocyte growth factor; IGF-1, insulin-like growth factor 1; IL-6, 
interleukin-6; MCP-1, macrophage chemoattractant protein; MIF, macrophage 
migration inhibitory factor (glycosylation-inhibiting factor); TGF-β1, transforming 
growth factor-beta 1; TNF-α, tumor-necrosis factor-alpha.
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effective than a single one, so that energy restric-
tion, and preventative agents such as SERMs or 
AIs and parthenolide or statins together might be 
more effective than either alone. The likely site of 
action of these interventions is shown in Figure 
7. The difficulty lies in testing such approaches. 
Needle or core biopsy before and after such inter-
ventions is clearly an important approach and is 
being tested in several centers.80,81

CONCLUSION
The human breast is a highly complex, difficult 
organ to investigate; it changes in composition 
with time at different rates in different people. 
Current risk prediction methods depend upon a 
compendium of risk factors organized into risk 
prediction models, which have good predictive but 
low discriminatory value. Risk estimation could be 
improved by incorporating additional factors into 

risk prediction models. This might be achieved by 
the identification of new predictors based on SNP 
array or increased knowledge of the molecular and 
cellular biology of the breast, in part from gene 
array and examination of the breast proteome as 
outlined above. These factors might also be new 
targets for prevention. Several drug and lifestyle 
targets have already been delineated and require 
testing in clinical trials. Nonetheless, new methods 
to determine the effect of new approaches on the 
breast—without or before embarking on large and 
expensive clinical trials—are required.  
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