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Abstract

Background: Fibroadenoma (FA) is a benign breast neoplasm associated with an increased risk of subsequent
carcinogenesis; yet, the relationship between these two events remains undetermined. Traditional breast paradigms
that focus on the epithelial cell as the primary origin of cancer need to be revisited. Our working hypothesis is
that, stromal dysfunction through epithelial-stromal ‘cross-talk’ in the host microenvironment is perhaps the earliest
initiating event in breast carcinogenesis.

Methods: 60 cases of randomly selected FA were analyzed in this study. Paraffin embedded tissue samples
were analyzed using the antibodies TAG72, ErbB2, p53, CD10, Ki67, Bcl2, CD31, Nestin, and Laminin. Stromal and
epithelial components were scored and compared on a semi-quantitative scale.

Results: Six of the 60 cases subsequently developed breast cancer between 1-12 years after the diagnosis of
FA. Comparison of the stromal:epithelial (S:E) ratio of immunohistochemical scores yielded four significant trends
suggestive of stromal dysfunction. In pre-cancerous lesions, S:E ratios of non-cancerous vs. pre-cancerous FA
were lower for a) CD10 at 40:100 vs. 15:95 (p=0.045), b) Bcl2 at 40:85 vs. 20:80 (p=0.048), c) CD31 at 30:0 vs. 9:0
(p=0.0156) and d) Nestin at 40:80 vs. 15:80 (p=0.013).

Conclusion: This preliminary study suggests early alterations in the stroma precede development of the
epithelial phenotype of breast cancer. Improved understanding of host stromal microenvironmental changes can
lead to the recognition of ‘stromal signatures’ as risk assessment markers in FA for future breast carcinogenesis. In
the future, exploration in both benign and malignant proliferations of breast lesions should be undertaken to further
elucidate these ‘stromal signatures’ in breast cancer for men and women.

Keywords: Fibroadenoma; Stroma; Stromal-Epithelial Crosstalk;
CD10; CD31; Bcl-2; Nestin

Introduction

Despite recent research linking the microenvironment to the
development of breast malignancies, our understanding of the
genes, proteins, and pathways regulating the stromal-epithelial
interactions in normal and neoplastic breast tissue remains scarce.
The traditional hypothesis of altercation in epithelial cells resulting
in their uncontrolled growth is insufficient in fully explaining the
carcinogenesis and the complexity of tumor progression [1]. Instead,
emerging studies suggests that changes in the interactions between the
mammary stroma and epithelium may be an initiator of tumorigenesis.
As such, genetic and epigenetic changes that result in carcinogenesis/
tumorigenesis may occur not only in the epithelial component, but
also in the stroma. This model of tumor development though explored
theoretically and in limited animal studies, there remains a paucity of
studies on human tissues to support this hypothesis.

Fibroadenoma (FA) is a benign fibroepithelial lesion that arises
most commonly in young women as a solitary mobile, painless lump.
Carcinomatous lesions have been shown to arise within an existing FA
or delayed at more than twenty years after the initial diagnosis in 0.12-
0.3% of FAs [2]. Fibroadenoma was chosen as an initial tumour for this
pilot study as it is basically a stromal neoplasm with a benign clinical
behaviour. Atypical tumour-stromal fibroblasts have been increasingly
recognized as important histological outcome predictors for patients
with invasive ductal carcinoma of the breast. The histological features of
such atypical tumour-stromal fibroblasts include cells with a) increased
number of nuclei, b) increased nuclear size, ¢) irregular nuclear shape,
d) the presence of nucleoli and e) multiple nuclei resulting possibly

from fusion of cells [3,4]. Additionally, atypical features of tumour
cells and stromal cells have also been described in vessels and lymph
nodes as important prognostic parameters in non-breast cancers
such as extrahepatic bile duct carcinoma [5]. Our hypothesis is that
such histologic phenotypical changes is preceded by alterations at a
molecular/genetic/epigeneticlevel similar to the accepted multifactorial
pathway of carcinogenesis in colorectal carcinoma. In this retrospective
study, therefore, we analyzed tissue samples obtained from sixty
patients diagnosed with fibroadenoma in terms of its expression of
ten specifically-chosen antibodies that we believe may be dominant
participants in the stromal-epithelial crosstalk.

Materials and Methods
Patients and tissue specimens

Sixty cases of fibroadenoma were identified using the computer-
based Laboratory Information System (LIS) of the Saskatoon Health
Region between the years 1997-1999. This timeframe was chosen
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because the LIS database begins in January 1997, and we wished to
optimize the length of the follow-up period (1998-2010, 12 years).
Patients ranged in age from 20-78 years, with a mean of 40.5 years
(median 41 years). 33 fibroadenomas were in the left breast, and 27
were in the right. Patients’ medical records were examined to complete
a 12-year follow-up, and any breast pathologies that had developed
since the diagnosis of FA were retrieved for analysis and review. The
patients that later developed breast cancer was identified into a separate
‘test group’, and those that did not develop cancer within this time
acted as a control group.

All specimens collected, as per laboratory policy, had been fixed
with 4% formalin for periods no longer than 24 hours and embedded
in paraffin. The tissue blocks had been sectioned and stained with
hematoxylin and eosin. All histopathological material in the identified
groups was reviewed to confirm the diagnosis of fibroadenoma and
breast cancer respectively.

Immunohistochemistry

From the available material, a representative tissue block was
chosen, and sections of 3/4 pum thickness were cut and placed
on glass slides coated with 4-aminopropyl triethoxysilane for
immunohistochemistry studies. Immunohistochemical staining was
performed using an autoimmunostainer with autoclave antigen-
retrieval. Each specimen was immersed in citrate buffer and incubated
at 121°C for 10 minutes. Immunoperoxidase staining was performed
using a labelled streptavidin-biotin technique for each of the markers.
The primary antibodies analyzed in this study including the company,
clone and dilutions used are summarized in Table 1. The entire tumour
represented in the section was examined and assessed. In each case, the
stroma of the fibroadenoma and the adjacent non-fibroadenomatous
stroma were analyzed. As negative controls, the primary antibody
was replaced with normal mouse immunoglobulin and the primary
antibody solution was substituted with a phosphate-buffered saline
(PBC) as per laboratory protocol. Immunostained slides were graded
on a 0-100% scale based on the number and intensity of the positive
cells stained. Slides were scored at medium-high power with an average
percentage being taken after counting representative cells over 3-4
regions.

Statistical analysis

Results were grouped based on if the patient later developed cancer
or not with the non-cancerous FAs as the ‘control’ group and the pre-
cancerous FAs as the ‘test’ group. Within each group, and for each
antibody an S:E ratio (% stromal staining: % epithelial staining) was
found. Using the statistical software SPSS for Windows, version 17.0
the two groups were compared using a paired t-test. A p-value of <0.05
was considered statistically significant.

Results

Sixty cases of fibroadenoma were identified between 1997 and
1999. Of these, six (10%) subsequently developed breast cancer within
the twelve-year period (1998-2010). A summary of the demographics
of patients that subsequently developed cancer is outlined in Table 2.
Patients’” ages ranged from 33-52, with a median of 42.5 years. Four
(67%) of the patients developed cancer in the same breast as the
fibroadenoma, and 2 (33%) were in the opposite breast. The time
interval between the diagnosis of fibroadenoma and cancer was most
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Antigen Dilution Company & Clone
Cerb2 1/1600  Microwave AR in 1mM EDTA pH9.0
Cerb2 SP3 1/200 Microwave AR in 1mM EDTA pH9.0
P53 1/100 Microwave AR in TmM EDTA pH9.0
TAGT72 1/200 Microwave AR in TmM EDTA pH9.0
CD10 1/20 Microwave AR in 1mM EDTA pH9.0
Ki67 1/50 Microwave AR in 1mM EDTA pH9.0
Bcl-2 1/20 Microwave AR in 1mM EDTA pH9.0
CD31 1/10 Microwave AR in 1TmM EDTA pH9.0
Laminin 1/100 Pepsin AR, Sigma clone LAM-89
Nestin 1/50 Microwave AR in 1 mM EDTA pH9.0, Abcam polyclonal
Table 1: Antibodies used in immunohistochemical staining.
Case# Age Fibroadenom.a (.:ancer . .
Year Laterality @ Year | Laterality Diagnosis
1 52 1997 | Right 2004 |Left Ductal carcinoma
2 50 1997 |Right 1997 |Right Lobular carcinoma
3 45 1997 |Right 1998 |Right Ductal carcinoma
4 40 1997 |Right 2009 |Left Ductal carcinoma
5 33 1997 |Right 1997 |Right Ductal carcinoma
6 33 1997 | Left 1997  |Left Lobular carcinoma

Table 2: Demographics of patients that developed breast cancer.

commonly within a year (50% cases), though diagnosis as late as
twelve years was found. The most common histological phenotype of
the breast cancer was ductal carcinoma in two-thirds (67%) with the
remaining third being lobular carcinoma.

Comparison of the epithelial (S:E) ratio of
immunohistochemical scores yielded four significant trends.

stromal:

CD10: The extent of staining in the non-cancerous epithelial
component ranged from 60-100% and in the stromal component from
10-80%. In the precancerous lesions, epithelial staining ranged 90-
100% and stromal 10-20%. The median S:E for the non-cancerous FA
was 40:100 versus the cancerous at 15:95 (p=0.042) (Figure 2).

Bcl2: The extent of staining in the non-cancerous epithelial
component ranged from 10-100% and in the stromal component from
5-80%. In the precancerous lesions, epithelial staining ranged 80-90%
and stromal 20-30%. The median S:E for the non-cancerous FA was at
40:85 versus the cancerous at 20:80 (p=0.047) (Figure 3).

CD31: There was consistently no staining in the non-cancerous
epithelial tissue, and the extent of stromal staining ranged from 10-40%.
In the precancerous lesions, there was no epithelial CD31 staining, and
stromal staining was identified in 5-10% of cells. The median S:E for the
non-cancerous FA was at 30:0 versus the cancerous at 10:0 (p=0.015)
(Figure 4).

Nestin: The extent of staining in the non-cancerous epithelial
component ranged from 40-100% and in the stromal component from
10-80%. In the precancerous lesions, epithelial staining ranged 40-
100% and stromal 0-30%. The median S:E for the non-cancerous FA
was at 40:80 vs. 15:80 in the pre-cancerous (p=0.013) (Figure 5).

There was no significant change in the epithelial or stromal
expression of TAG72, ErbB2, p53, Ki67 or laminin when comparing
the fibroadenomas that subsequently developed cancer with those that
did not over a 12-year follow-up period. The stromal expression of all
the proteins described above was similar in both the fibroadenomatous
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Figure 1: Schematic outline of the stromal-epithelial cross-talk in the breast microenvironment. On the left-hand side of the diagram within the blue bubble is depicted
the normal constituents of the stroma that includes blood vessels, basement membrane, myofibroblasts, extracellular matrix, fibroblasts, inflammatory/immune cells,
smooth muscle cells and adipose cells. On the right-side within the pink bubble is the normal breast epithelial cell illustrating the traditionally-held stepwise linear
progression to breast cancer. The central ‘ven’ of these bubbles is the pictorial representation of the stromal-epithelial cross-talk between the nine proteins (p53,
Ki67, nestin, CD31, TAG72, laminin,ErbB2, CD10, Bcl-2) that were studied. The incipient factors that modulate the microenvironment such as oxidative stress, tissue
hypoxia, nutrient deprivation, and pressure/pH changes are figuratively represented at the outskirts of the ‘ven’.
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and non-fibroadenomatous breast tissues in each case. Figure 6 is a
composite photomicrograph that demonstrates expression of CD10,
Bcl-2, CD31 and Nestin in the stromal and epithelial cells of the breast
microenvironment.

Discussion

Historically, breast cancer research on carcinogenesis has focused
on the epithelial changes that precede tumour development in an effort
to explain the pathogenesis of this disease. Recent studies suggest
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Figure 2: This bar graph shows CD10 protein expression in the epithelium
and stroma between the pre-cancerous(pink) and non-cancerous(blue)
fibroadenomas. The y-axis is the percentage of positively stained cells in
multiples of 10 from 0-100%. The * indicates statistical significance of a p-value
<0.05.
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Figure 3: This bar graph shows Bcl-2 protein expression in the epithelium
and stroma between the pre-cancerous(pink) and non-cancerous(blue)
fibroadenomas. The y-axis is the percentage of positively stained cells in
multiples of 10 from 0-100%. The * indicates statistical significance of a p-value
<0.05.

‘thinking outside of the cell’, as an emerging concept with the stroma
being partially responsible for breast carcinogenesis. The stroma
occupies over 80% of the volume of the resting breast and comprises the
area around the epithelial cells. It consists of fibroblasts, myofibroblasts,
glial, fat, immune, vascular, lymphovascular, endothelial, and smooth
muscle cells as well as the extracellular matrix, the basement membrane
and soluble proteins such as growth factors, cytokines, and hormones
[1,6-8]. Changes to this microenvironment, such as oxidative stress,
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tissue hypoxia, nutrient deprivation, and changes in pressure or
pH have been shown to increase the rate of DNA mutations, thus
causing genetic instability in these stromal cells [7]. Multiple genetic
events causing oncogene-activation and disruption of the tumour
suppressor genes have been identified in breast cancer progression.
Commonly identified genetic changes include gain-of-function
mutations in proto-oncogenes, loss-of-function mutations in tumour
suppressor genes, and epigenetic deregulation [9]. Such alterations
may occur not only in the epithelial cells, but also in components of
the stroma, creating an environment conducive to cancer growth. The
tumour microenvironment, composed of cancer cells, stressed normal
cells, stromal tissue, and extracellular matrix, has been implicated
in the progression, invasion, and spread of cancer. Carcinogenetic
characteristics include sustaining proliferative signals, evading growth
suppressors, resisting cell death, enabling replicative immortality,
inducing angiogenesis, activating invasion/metastasis, reprogramming
energy metabolism, and evading immune destruction. We believe
alterations in this host microenvironment modify its function and
phenotype with disruption of the epithelial-stromal cross-talk resulting
in neoplastic initiation. A schematic representation of the stromal-
epithelial crosstalk in breast microenvironment is illustrated in Figure
1.
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Figure 4: This bar graph shows CD31 protein expression in the epithelium
and stroma between the pre-cancerous(pink) and non-cancerous(blue)
fibroadenomas. The y-axis is the percentage of positively stained cells in
multiples of 10 from 0-100%. The * indicates statistical significance of a p-value
<0.05.
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Figure 5: This bar graph shows Nestin protein expression in the epithelium
and stroma between the pre-cancerous(pink) and non-cancerous(blue)
fibroadenomas. The y-axis is the percentage of positively stained cells in
multiples of 10 from 0-100%. The * indicates statistical significance of a p-value
<0.05.

D31

Figure 6: Composite of photomicrographs at medium magnification
demonstrating expression of CD10, Bcl-2, CD31, and nestin in the stromal and
epithelial components of the breast microenvironment.

To evaluate stromal dysregulation in patients with fibroadenoma,
we examined the expression of nestin, laminin, CD10, Bcl-2, CD31,
ErbB2, p53, TAG-72, and Ki67 in both the epithelial and stromal
components of fibroadenomas in the identified pre-cancerous test
group and in the non-cancerous control group. We found statistically
significant changes in the expression of CD10, Bcl-2, CD31, and nestin
between patients who later developed a breast malignancy compared to
those that did not. These four antibodies are herein discussed.

CD10 is a cell surface zinc-dependent metalloprotease reported
to be expressed in the stroma of prostate, breast, colorectal and lung
carcinomas [10]. This protein functions as a peptidase that cleaves
proteins from the ECM, resulting in tissue remodeling. CD10 is
expressed by the breast’s myoepithelial cells during development
and after maturation; therefore, this protease is considered a specific
myoepithelial cell marker. The stroma of the developing breast is not
positive for CD10. Stromal cells in fibroadenomas have demonstrated
CD10 positivity [11], and expression has been observed in the stroma
and ECM of breast cancers [10,11]. It is hypothesized CD10 may craft
a specialized microenvironment to facilitate cancer cell invasion, and/
or may cross-talk with cancerous cells to speed up the cell cycle and
promote cell mobility.

CD10 is believed to represent a stronger predictive factor for both
tumour recurrence and death than node status, tumour size, histologic
grade, or clinical size by accordance of Cox’s proportional hazards
regression model [11]. CD10 expression is associated with estrogen
receptor-negativity, high tumour grade and decreased patient survival
[10]. This protease has been shown to cleave doxorubicin, a key element
in many cancer therapies, therefore its expression may correspond
with chemoresistance. In this context, CD10 may be a potential target
for anticancer therapy, as through inhibition of CD10’s enzymatic
activity, anti-tumour efficacy of well established chemotherapies may
be enhanced [10]. In our study, the stromal : epithelial ratio for CD10
staining in non-cancerous FA was 40:100 compared with 15:95 in pre-
cancerous FA. In contrast to the literature’s report of increased isolated
stromal CD10 expression in cancerous lesions, CDI10 positivity in
epithelial-stromal crosstalk ratios show a decreasing trend in the pre-
cancerous test group of fibroadenomas.
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Bcl-2 (B cell lymphoma 2) is a member of the b¢l family of proteins
responsible for regulating apoptosis. The BCL2 gene acts as an oncogene
in many solid organ tumours including breast cancer [12]. In normal
breast tissue, Bcl-2 is physiologically expressed in the ductal epithelial
cells [13]. Bcl-2 is an apoptotic inhibitor and contributes to the control
of both the cell cycle and cellular proliferation. Overexpression of Bcl-
2 causes cells to arrest in the G1 phase, halting the G0/G1-S phase
transition [14].

46% of breast ductal carcinomas are negative for Bcl-2 expression,
whereas normal breast tissue is intensely positive [13]. In breast cancer
patients, Bcl-2 overexpression is associated with improved prognostic
features including a low mitotic count, estrogen-receptor positivity,
high histological grade of differentiation, a low cell proliferation
rate, tumour necrosis, and DNA diploidy [15]. In this context, highly
proliferative breast tumours associated with a poor prognosis often
have Bcl-2 downregulation [16]. Lobular breast cancers express
moderate to strong Bcl-2 positivity more often (80%) than ductal-type
carcinomas (37%). This may partially be explained by the discovery
that there is a relative absence of Bcl-2 proteins in poorly-differentiated
cancers when compared to their well-differentiated counterpart,
suggesting the protein is down-regulated as the tumour progresses
[15]. The prognostic effect of Bcl-2, however, is only significant for the
first five years after initial diagnosis, indicating its uses as a diagnostic
tool are limited to this period of time. In a study of 5 892 cases, Bcl-
2 was shown to be a significant prognostic marker independent of
node status, tumour size and grade, and other biological variables. In
addition, expression of Bcl-2 in these patients was associated with an
increased overall and disease free survival [12]. In agreement with the
literature, in our study expression of Bcl-2 was lower in the stroma of
pre-cancerous lesions (20:80) when compared with the non-cancerous
FAs (40:85). Decreased expression of this protein may be responsible
for decreased apoptotic and cell-cycle control, resulting in an increased
cellular proliferation.

CD31 (platelet endothelial cell adhesion molecule, PECAM-1),
is a widely recognized angiogenic marker. In patients with DCIS, it
is suggested that CD31 expression is indicative of cells attempting to
enhance diffusion and progression [17]. DCIS with CD31 expression
demonstrates a tendency to be of a higher nuclear grade, hormone
independence, and lobular invasion [18]. Further, this adhesion
molecule plays a role in organizing the architecture of developing
breast carcinomas and in promoting cell differentiation through the
establishment of cellular polarity. Finally, CD31 expression appears to
be necessary for the development of motility, and therefore for tumour
metastases [18]. CD31 has yet to be shown to be an independent
prognostic factor and it therefore remains questionable whether CD31
is a cause or an effect of tumourigenesis [19]. Future investigations
will help in directing the use of this receptor molecule in prevention
and therapeutic management strategies. In our study, CD31 was not
expressed in the epithelial component of either set of tissues; however,
in the stroma expression dropped from an average of 30% to 10% in
non-cancerous FA to pre-cancerous suggesting perhaps an altered
signal direction indicative of stromal-epithelial dysfunction.

Nestin (neuroepithelial stem cell protein) is a type IV intermediate
filament protein expressed in the beginnings of embryonic and fetal
development by progenitor cells [20,21]. Upon differentiation, this
protein is down-regulated and replaced with tissue-specific proteins.
In the development of pathological conditions such as injury and
neoplasia, it may be re-expressed [20]. Normally, nestin acts as a

scaffold to maintain cell shape and tissue stability and was originally
reported only in neuroepithelial stem cells; however, expression has
since been described in gastrointestinal tract, pancreas, salivary gland,
kidney, uterine cervix, endometrium, prostate, and breast [22]. Within
the breast, nestin is expressed in the basal and myoepithelial layer of the
mammary gland where it is can be used as a marker for the formation
of endothelial or myoepithelial cells [20,23,24]. In addition, this protein
has been found to be active in newly formed blood vessels [21].

Overexpression of nestin is most common in basal-like breast
cancers, often in the triple-negative tumours (negative for estrogen-
receptors, progestin-receptors or HER2) [20,24]. Nestin expression
in breast cancer is correlated with increased rate of nodal metastasis
and poor prognosis [24]. As such, overexpression of nestin has been
suggested to be restricted to a very poorly-differentiated and highly
aggressive tumour-type [23]. Due to a relative paucity of information
about this protein, the specific role nestin plays in these malignant
processes remains uncertain. As nestin is such a new protein to be
studied, continued research is required to determine its specific
functions and its utility in targeted detection and/or therapy. In our
study, nestin positivity increased significantly in the stroma of pre-
cancerous FAs when compared with non-cancerous, with an S: E ratio
of 40:80 and 15:80 respectively. Such findings agree with the literature
that nestin has higher expression in neoplastic tissues, perhaps acting
as an angiogenic factor.

In normal tissue, the gene TP53 encodes the p53 protein that is
responsible for reproduction, genomic repair, metabolic processes,
germ-cell fidelity and the surveillance of stem-cell development [25].
In the context of carcinogenesis, p53 responds to stress by binding
to DNA to arrest of the cell-cycle, cause apoptosis/autophagy, and
senescence [9]. The carcinogenic pathway may inactivate p53 by
deletion of the TP53 gene, a missense mutation or inactivation of ARF
gene [25]. Hundreds of genes are directly regulated by this protein [9]
and therefore TP53 mutations may affect the expression of numerous
protein-products. Though the literature reports mutations of stromal
TP53 to be associated with increased loss of heterozygosity or allelic
imbalances [26], in our study there was no significant change in
stromal:epithelial ratios of p53 expression in the precancerous vs.
noncancerous FA. We believe that p53 expression in the stroma is a
delayed event in the multifactorial pathway of breast carcinogenesis.
The strong expression of p53 in the atypical tumour-stromal fibroblasts
that are recognized in invasive ductal carcinoma of the breast is not
seen in our study as there is no recognizable alteration of the stromal
fibroblasts which we hypothesize is a delayed event [3].

It has been suggested that the genetic alterations that occur
in epithelial cells alone are insufficient in explaining the complex
carcinogenesis that allows for the multiple phenotypic expressions
of tumour cells and the complexity of tumour progression. The
‘cross-talk’ between these two elements is an ill-understood yet
key line of communication that begins in normal breast during
embryological development when the epithelial and mesenchymal cells
communicate to ensure proper development and function [1]. The
proliferation, survival, polarity, differentiation, and invasive capacity
of mammary epithelia are modified by various stromal cells within the
microenvironment [27]. Interestingly, these processes are important
not only in the development of the normal breast but can reoccur
after maturation, at which point they are considered mechanisms for
tumourigenesis. Cross-talk between these two components may be by
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biochemical (signaling molecules) or physical (direct contact /via the
extracellular matrix) means [28].

Though it has not yet been established whether epithelium or the
stroma triggers cancer progression, the importance of both elements
is increasingly being recognized. The microenvironment is believed to
play a key role in the development of breast neoplasms as pictorially
demonstrated in Figure 1. In normal tissue, the microenvironment is
involved in reverting neoplastic changes through the initiation of cell
differentiation [29]. Specific, regulated interaction between stromal
and epithelial cells is necessary in the maintenance of non-neoplastic
homeostasis [30]. The hostile environment characterized by oxidative
stress, tissue hypoxia, nutrient deprivation, or changes in pressure
or pH may leads to stromal instability [7]. Such volatility may result
in the abnormal secretion of growth hormones, motility factors and
extracellular molecules, altering this intricate communication [28].
Hypoxic conditions are associated with induction of genes involved
in regulating cellular proliferation, the production of the ECM and
cell adhesion. These conditions are responsible for limiting tumor
cell division, selecting for malignant cells, and inducing adaptations
promoting invasiveness [31].

Malfunctions in the interactivity between the stroma and the
epithelial cells increase the probability of malignant transformation
[32]. As such, cancer cells may evade the anti-tumourigenic signals
from the microenvironment and continue to progress via the
suppression of normal cells and the recruitment of cells with irregular
functions. Eventually this can result in the destruction of the normal
tissue architecture which can lead to neoplastic changes [6]. Once the
epithelial involvement has been initiated these cells pass through a well-
researched progression starting with hyperplasia that develops into in
situ and invasive cancer that may ultimately result in metastatic disease
[33]. Such epithelial-stromal interactions were examined in a study
investigating the role caveolin-1 (Cav-1) has on carcinogenesis. Cav-
1 is normally highly expressed in adipocytes and within the stroma.
In this study, Williams et al found that loss of Cav-1 exacerbated
mammary lobulo-alveolar hyperplasia and promoted growth of
mammary tumour cells [34].

Various stromal elements may contribute to enhancing breast
tumour progression and aggressiveness. Mathematical modeling and
experimental databoth suggest that conditionsin the microenvironment
such as hypoxia may provide selective pressure for the evolution of
tumourigenesis [35]. Fibroblast, immune cell, growth factors and
chemokines may all lead to stimulation of tumour cell growth and
the recruitment of tumour precursors that then undergo abnormal
proliferation [7]. Growth, differentiation, invasiveness, and polarity
of epithelial cells have all been shown to be mediated by such stromal
elements [29]. These factors thus create an environment permissive
for tumourigenesis, as such cells possess characteristics and functions
that have been altered to survive in the new conditions imposed by
the tumour [32]. It is hypothesized that the proliferation, invasiveness,
tumorigenicity, and potential for metastasis are all promoted through
paracrine signalling between stromal and epithelial cells [35].

Fibroblasts are the major constituent of the stroma, responsible
for the production of type IV collagen and laminin of the basement
membrane and epithelial support [7,36]. In normal tissues, fibroblasts

are involved in wound repair, in which they are activated and promote
the secretion of ECM proteins and growth/chemotactic factors to
coordinate both inflammatory and vascular progenitor cells. At the
completion of healing, levels of these activated fibroblasts revert back to
normal. By contrast in neoplastic tissue, cancer-associated fibroblasts
(CAFs) are continually activated and resistant to apoptosis. Theories
of CAF origins include epithelial cell transformation, local fibroblast
activation, and bone-marrow cell alterations [7]. These cells show
marked differences from their normal counterparts including greater
expression of a-smooth-muscle-actin (aSMA), increased contractility,
and a greater aptitude for promoting tumourgenesis by acting as a
buffer to promote tumour growth [37]. Contractility is achieved by
increased number of myofibroblasts in neoplastic tissue which are
normally not present [36,37].

The existence of an intimate cross-talk between development of the
epithelium and blood vessels has been suggested, yet the relationship
between the vascular supply and development of the mammary gland
and adipogenic stroma remains uncertain [38]. The endothelial cells of
the stroma are associated with angiogenesis, a process vital in tumour
growth and survival [31]. In normal breast tissue, the endothelial
cells contact the basement membrane and a layer of pericytes for
support; during angiogenesis the basement membrane degrades
while connections to the pericytes weaken, allowing endothelial
cells to invade the surrounding stroma where they re-synthesize a
basement membrane conducive to the acquisition of a capillary-like
morphology. Vascular endothelial growth factor (VEGF) is a strong
and selective endothelial mitogen, and the primary factor implicated
in tumour vessel formations [39]. This chemical signal is directly
secreted by both tumour and stromal cells (specifically fibroblasts, and
inflammatory cells) [7]. VEGF acts on endothelial cell receptors and
alters gene expression to promote cellular proliferation and increase
capillary permeability [39]. Vessels formed by VEGF are atypical, with
a non-uniform distribution within the tumour, an uncharacteristic
shape, an unsuitable branching network, and have multiple blind ends
[7]. The growth of these irregular vessels in a confined environment
induces mechanical stress that compresses the lymph vessels, thereby
facilitating lymphatic invasion and metastatic disease [40]. Tumour
vessels that are incorrectly formed contribute to the creation of an
unfavourable microenvironment, including hypoxia, acidosis, and
increased interstitial fluid pressures, to which the tumour responds by
expressing genes that alter cell growth, invasion, and metastases [7].
These three features are determinant of tumour growth, metabolism,
and response to radiation and chemotherapy [40].

Despite advances in early detection by enhanced radiological
imaging, the options available for patients presenting with advanced
breast cancer remain limited [29]. The majority of therapeutic agents
that target cancer cells have developed genetic instability and are
prone to developing resistance. In this context, novel breast cancer
markers and innovative therapeutic targets are required that include
the tumour microenvironment and breast cancer stem cells as drug
targets [41]. Stromal cells appear to be more stable and therefore the
direction of future research [29]. A more thorough understanding of
the components and interactions within the microenvironment may
lead to the development of more accurate diagnostic tests and more
efficient stromal therapeutic strategies.
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Conclusions

This preliminary study suggests early alterations in the stroma that
may precede development of the epithelial phenotype of breast cancer.
Such early changes may be due to alterations at a molecular/genetic/
epigenetic level similar to the multifactorial pathway of carcinogenesis
as seen in colorectal carcinoma. Improved understanding of host
stromal microenvironmental changes may result in the recognition
of ‘stromal signatures’ as potential risk assessment markers in FA
for breast carcinogenesis. Exploration of both benign and malignant
breast pathologies in larger studies is necessary for validation of this
hypothesis of ‘stromal signatures’ as risk assessment markers for breast
cancer in men and women.
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