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Pathophysiology of Breast Carcinogenesis
as Stromal-Epithelial Cell Interactivity
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Abstract. Evolving consequences of a series of genotoxic events reproducibly enhance
the interactivity between stromal cells and the epithelial cells of the terminal ductule-
lobular units of the breast. Realized involvement of angiogenic and apoptotic responses
would characterize activation of the damaged DNA microenvironment as related particu-
larly to stromal cell elements. Involvement of variability of response of epithelial cells
and the ongoing development of the genotoxic pathways as evidenced by oxidative stress
and apoptosis/necrosis of epithelial cells implicate a successive series of events that fur-
ther compromise recoverability of normal processing pathways within damaged cells. One
might speak of a complex interplay of apoptosis and anti-apoptosis pathways in the re-
construction of a patch architecture reflected secondarily in models of clonality and poly-
clonality that go beyond simple characterization of monoclonal derivation from a single
common cell of origin of the breast neoplasm.
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MULTISTAGE RESPONSE

Breast cancer pathophysiology constitutes a
multistage response to genotoxic events [1]. The
further reflection of events as ongoing conse-
quences of such genotoxicity is best defined in
terms of ongoing responsiveness that alters mi-
totic reproducibility of phenotypic traits [17]. In-
deed, in further reconstructive attempts of an
ongoing remodeling of the cardinal set points in
such definition of combined proliferative and
apoptotic pathways one might recognize the im-
portance of a combined reproductive construct
in malignant phenotype determination. The re-
alization of events borne out by modeling repre-
sentations of the infiltrative and metastasizing
events reflect in variable manner the combined
angiogenesis- and apoptosis- inducing activities
of both the epithelial cells and the stromal ele-
ments in breast carcinogenesis [40].

In the realization of pathways of reconstruc-
tive remodeling of genotoxic pathways there de-
velops a less than faithful reproduction of dy-
namic events as interactive between epithelial
cells and stromal cell elements. Indeed, there
arises a full schematic representation of path-
ways that involves primarily stromal cells, as
further reflected in the angiogenesis and produc-
tion of hypoxia-inducible factor 1-alpha (HIF-1-
alpha) [2]

ATM reduced expression is associated with
neoangiogenesis and breast cancer progression
[29].

TRANSFORMING POTENTIALITY

Multistage progression constitutes a dy-
namic model in such reproducible events in
breast carcinogenesis induced by principal
pathways of transforming potentiality and as in-
dicated by both morphologic and tumor marker
studies [3]. It might be significant that viral on-
cogenesis as represented by suggestive path-
ways of inducible progression following Epstein-
Barr virus infection is a constitutive pathway
that progresses largely as sporadic tumor occur-
rence [15].

Sporadic and familial forms of a breast car-
cinogenesis phenomenon represent ongoing

events transforming phenotypic characterization
beyond simple genotypic predetermination (4).
Interactive events involving stromal cells consti-
tute paracrine and autocrine pathways that even-
tually determine the progressiveness beyond on-
set dynamics in carcinogenesis [24].

Estrogens are tumor promoters that defini-
tively reclassify the mitogenic stimulus as un-
controlled proliferation in breast carcinogenesis
[22]. Immediate early response protein IEX-1,
small stress protein 1 (HSPBS8), and tumor necro-
sis factor-associated factor-interacting protein
mRNAs are hyperexpressed in invasive carci-
noma of the breast. They induce anchorage-
independence, cell hyperproliferation and an-
tiapoptosis singly or in collaboration with erbB2
[25].

The outlined dimensions of reproduction of
the genotoxicity pathways especially define pa-
rameters borne out by both angiogenesis and
density vascularization of the stroma in breast
carcinomas.

STROMAL INTERACTIVITY

Further details of characterized events in
breast carcinogenesis appear paradoxically re-
producible largely in terms of onset and progres-
sion pathways that are interactively linked par-
ticularly as stromal cell attributes [15]. The
documentation of epithelial transformation
events in breast carcinogenesis is further reclassi-
fied in terms of the pathways that span both in-
creased apoptotic events and a tendency for pro-
gressive anti-apoptosis in carcinogenesis. In
terms beyond representation of the interactivity
of stromal elements as parametric determination
of carcinogenesis, one might further recognize
the development of pathways as borne out by
the balanced or unbalanced interactions between
oncogenes and suppressor genes in breast tis-
sues.

MICROENVIRONMENTAL ACTIVATION

A highly activated microenvironment for
breast carcinogenesis reproducibly represents a
consequence of further transforming potentiality
as indicated by the variability of precursor le-
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sions in the development of neoplasia of the
breast [20].

The HER family of receptor tyrosine kinase
couples binding of extracellular growth factor
ligands to intracellular signal transduction
pathways and is implicated in breast carcino-
genesis [31].

The highly variegated precursor lesions
leading to the evolving infiltration of stroma by
histological categories of neoplastic cells are best
defined as ongoing dynamics of excessive prolif-
eration of stromal and especially epithelially
transformed cells.

In terms indicative of pathways of repro-
duction beyond definition of simple proliferative
events, the nature of the transformation as a ma-
lignant characterization of the neoplastic pheno-
type is further represented by the angiogenesis
of stroma. Vascular endothelial growth factor
(VEGF) effects prove particularly significant es-
pecially in terms of onset reproduction of path-
ways as indicated by the prognostic significance
of high vascular density of the adjacent stroma in
breast transformation events.

Breast carcinogenesis is particularly signifi-
cant in terms of variability in focus predetermi-
nation that spans a systemic involvement due to
malignant transformation of tissues and as inter-
active progressiveness between stromal cells and
epithelial cell elements.

Epigenetic changes such as hypermethyla-
tion of the p16 (INK4a) promoter sequences may
create preclonal tumorigenesis that subsequently
progresses to malignancy [33].

Usual ductal hyperplasia reproducibly
represents an ongoing eventual composite con-
struct as possible emergence of atypia and carci-
noma-in-situ events. Pathways of constructive
representation are further characterized by the
various histologic variants of breast carcinoma.

A dichotomy in the reproducible represen-
tation of breast ducts or lobules constitutes a
simplified construct in the further progression of
a lesion that both infiltrates and spreads in terms
particularly of interactive dynamics between
stroma and epithelial cells. N-myc downstream
regulated gene-1(Ndrg-1) is involved in epithe-
lial cell differentiation and is significantly down-
regulated in breast carcinogenesis [27].

DYNAMIC TURNOVER

Alternative splicing that inactivates the wild
type tumor suppressor genes would constitute a
baseline parameter in the interactive dynamic
turnover between stroma and epithelial cells as
represented particularly by estrogen receptor
beta protein [12, 18]. Estrogen receptor beta con-
stitutes a tumor suppressor that inhibits estrogen
mitogenic activity [37].

Nuclear receptor comodulators control
transcription and splicing as selectively constitu-
tive events in differential dysregulation of estro-
gen receptor Bl and estrogen receptor fcx in in-
situ breast carcinoma [14].

A combinatory reproduction of increased
estrogen receptivity and VEGF effects represents
a constitutive pathway in sporadic tumor occur-
rence as induced by pathways of stromal and
epithelial cell interactivity. Cyclin D1 and D3
appear selectively overexpressed in estrogen-
induced experimental breast carcinogenesis [30].
HIF-1-alpha constitutes the final emergence of
pathways as inter-related with vascularization
and angiogenesis of the stroma in progressive
breast carcinogenesis [16]. Hypoxia and nutrient
deprivation induce genetic and epigenetic adap-
tation of clones and increase tumor infiltration
and spread [26].

Estrogen possibly modulates HIF-1-alpha
levels. Increased cell proliferation via receptor
mediated activity, activated cytochrome P450
and induced aneuploidy by estrogen are possible
molecular mechanisms in breast carcinogenesis
[35].

BIOLOGICAL ANTAGONISM

Biological antagonism appears a referable
set point in terms of ongoing dynamics in repro-
duction of carcinogenesis of the breast epithe-
lium of ducts and lobules. Accelerating cell turn-
over along the continuum of breast carcinogene-
sis develops as an imbalance in favor of apop-
tosis that evolves in the transition of hyperplasia
to preinvasive lesions [38]. An asymmetric cell
division series of events constitutes not only a
possible embryonic pathway in progression, but
also variable reproduction as further portrayed
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by oncosuppressors and oncogene action [21].
Nuclear proto-oncogenes c-myc, c-jun, and c-fos
indicate early response events during cell prolif-
eration [34].

Extracellular remodeling is an interactively
reproducible series of pathways that reciprocally
recasts events as modulating and transforming
potentiality.

Oxidative stress constitutes a disruption of
base stacking in the determination of cellular re-
dox status of the DNA of the breast epithelial
cells. An obligatory representation of pathways
of genotoxicity might be an order-disorder tran-
sition in DNA structure [19]. A constitutive
chaos theory represents events that unify theo-
ries of carcinogenesis in terms of the creation of
order or disorder pivotal in tumor development.

Stimulated hedgehog signaling promotes
carcinogenesis and cell survival during devel-
opment [28].

AUTONOMOUS INTERACTIONS

Aberrant methylation appears an insuffi-
ciency of mechanisms of DNA repair pathways
and of replicative reproducibility. Genetic insta-
bility as an overall scheme of progression in-
volves cytogenetic disruption as further evi-
denced by genetic or epigenetic states of variable
deletion of transcriptional events.

Non-cell autonomous interactions consti-
tute a marker of genotoxic injury as constitutive
characterization and as represented by TP53
wild type and mutated forms [13]. Polyclonality
of cell proliferative events is transformed into
multifocal monoclonal pathways of reproduction
as further evidenced by subpopulations of selec-
tive growth and spread. Proviral insertion sites
in the DNA constitute a working framework in
such progression to a predominant clonal consti-
tution of pathways as represented by infiltrating
and metastasizing tumor cells of breast origin.

CLONALITY

Clonality studies reconstitute mutational
analysis in terms of ongoing events as prototypi-
cally represented by chromosome X-inactivation
that is present as patch reconstructs about tumor

subfields.

Terminal ductule-lobular units are an at-
tempted characterization of events that morpho-
logically span regions of patch configuration and
as represented by both polyclonal and mono-
clonal cellular proliferative pathways.

Allele imbalance and stem cell hierarchy in
the adult breast would constitute variable
schemes of production of a carcinogenesis path-
way that progresses beyond paracrine and
autocrine events. One might in particular repre-
sent the variability in constitutive pathways as
further evidence of the marked genetic instabil-
ity induced by aberrant methylation and cytoge-
netic abnormalities in particular, and also by the
telomere shortening. Critically short telomeres
together with abrogated DNA damage check-
points induce genomic instability due to end-to-
end chromsomal fusions with breakage and rear-
rangements [32].

TRANSCRIPTION

Aneuploidy and centrosomal amplification
and chromosomal aberrations affecting the regu-
lation of transcription might be reflected particu-
larly in the caretaker function of BRCA1 and in
the steroid hormone responsiveness of tumors
[11]. Master regulators and homeobox genes and
G: cell cycle checkpoint progression might be
differential expressions of a DNA-damaged mi-
croenvironment.

Inactivating TP53 mutations in stromal cells
would constitute an apoptotic response to
genotoxic stress under normal circumstances but
would indeed be reflected in a latency of the tu-
morigenesis and in the morphology of the result-
ing tumors (6).

The bypassing of cell cycle arrest might be
represented by the ongoing reproduction of
pathways that remodify both progression and
onset dynamics of subsequent events [10].

“SEED-AND-SOIL” HYPOTHESIS

The growth promoting activities of reactive
stroma and the heparan sulfate attachment sites
would correlate with a “seed-and-soil” hypothe-
sis within subsequent frameworks of multifac-
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eted communication systems.

Cell adhesion, cell migration and growth
factor activity and also “invasion-specific” genes
might constitute signal exchange pathways in
the ongoing transformation potentiality of breast
carcinogenesis events. Ionizing radiation initiates
and promotes neoplastic progression due to in-
duced genetic damage, cell death and new gene
expression patterns with global alterations of
mammary gland microenvironment [39].

The progeny of a single embryonic stem cell
would reflect patterns of distribution of chromo-
some X-inactivated cells in tissues as constitutive
patches of relatively large size.

Such patch patterns are central to clonal and
mutational analyses and might further compli-
cate the determination of strict clonality in tu-
morigenesis [9].

Concurrent and independent pathways of
reproduction of events simply constitute events
as borne out by the further defining attributes of
biological antagonism models in breast carcino-
genesis.

PROLIFERATIVE/DIFFERENTIATING
IMBALANCE

A proliferative/differentiating imbalance
would perhaps constitute events that are hardly
reproducible in terms of secondary remodeling
of the extracellular matrix in particular.

Development and homeostasis events im-
plicate overall characterization of aberrantly
constitutive pathways of carcinogenesis and as
reflected in the development of tumor neoplasia
[23].

Numb as an oncosuppressor and Notch as a
plasma membrane receptor reflect cell fate de-
termination and proteasome-mediated degrada-
tion in the further reproduction of pathways of
consequence in breast carcinogenesis and as re-
flected in loss of Numb-mediated control of
Notch signaling.

Intragenic mutation and regional amplifica-
tion constitute derivation of pathways of pro-
gression in a presumed common cell origin of a
given breast carcinoma [7].

Microenvironmental disruption would acti-
vate various mechanistic pathways in the ongo-

ing reproduction of events as further evidenced
by biological antagonism systems.

UNIFIED SCHEME

A unified scheme of carcinogenesis in
breast further accounts for the development of
variable morphologic/histologic parameters of
the inducible pathways of transformation of cells
of the terminal ductule/lobular unit. The repre-
sentation of the microenvironment in further
characterizing such dynamics is significant in the
constitutive pathway formulation of such events
as potentiality of transforming models of
paracrine and autocrine biology that interac-
tively modify both epithelial cells and stromal
elements.

Obligatory remodeling schemes in carcino-
genesis reflect creative pathways with the at-
tainment of order in DNA reconstructive events.
Multifaceted communications would constitute a
mechanistic system of inter-relative pathways
that further co-modifies and modulates path-
ways of transforming potentiality in determined
breast carcinogenesis [8].

Heterotypic interactions progress as het-
erodimerization of molecular forms such as es-
trogenic splice variants. Furthermore, epigenetic
alterations of critical growth-regulating genes
would lead to attempts at reconstruction of
breast tissue events that transform as carcino-
genesis.

Direct cell-cell contact and elevated levels of
mitogenesis rather than decreased apoptosis
might better allow for the proposed reconstruc-
tion of pathways of inducible progressiveness in
malignant transformation.

Balanced persistence and inducible repro-
duction of activation pathways implicate a reac-
tivation of stromal elements as a primary source
of the transforming potentiality in breast car-
cinogenesis.

It seems plausible that angiogenesis would
remodulate an uncontrolled status of cell prolif-
eration in the face of ongoing development of
other systems of progression such as a paradoxi-
cal combined system of increased apoptosis and
evolving anti-apoptotic series of effects in consti-
tutive tumor cells of breast origin. Loss of Trans-
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forming Growth Factor beta inhibitory prolifera-
tive effect might act in conjunction with permis-
sive effects on stroma angiogenesis and the im-
mune system (36).

CONCLUDING REMARKS

Activated pathways of interaction arising as
stromal-epithelial cell reactivity implicate a se-
lective response pattern in ongoing relative pro-
duction of cytokines and chemokines.

Apoptosis and anti-apoptosis responses
progress largely within a context of relative
abundance of such cytokines and chemokines in
the further activation of the tumor microenvi-
ronment. It is in the overall reproduction of
events of cell and DNA injury that one might
recognize ongoing potential transformation of
pathways of progression as states of stromal-
epithelial cell inter-relationships.

One might include a whole array of phe-
nomena in the reproduction of pathways of in-
duced response that transform to autonomous
cell interactivity. Genotoxic injury constitutes a
further progressive step in transformation of the
DNA constitutive response towards such
autonomous cell proliferation and spread. Stro-
mal reactivity implicates angiogenic response
and anti-apoptosis arising within a context of
further progression of the injury to cellular
DNA. Cytokine action complicates a series of re-
sponses as microenvironmental activation and as
patterns of inducible change. Breast carcinogene-
sis involves a clonal and multiclonal derivation
of cellular traits that responsively convert the na-
ture of the microenvironmental activation path-
ways as primary and subsequent further pat-
terns of transforming potentiality.

Breast carcinogenesis might entail a self-
replication of pathways of response within sys-
tems of genotoxic injury to both stromal and
epithelial cells.

It is in the further detailed reconstruction of
a patch architecture of breast tissue elements that
there evolves a representation of the injury as ac-
tivated response of an autonomous nature.
Paracrine and autocrine reactivity responses de-
termine a full representation of the injury that is
specific for the microenvironmental activation

patterns of response and for autonomous inter-
activity between stromal cells and epithelial cells
of breast origin.
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