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Summary
The importance of stromal cells and the factors that they express on cancer initiation and progression
has been highlighted by recent literature. The cellular components of the stroma of epithelial tissues
are well recognized to have a supportive role in carcinogenesis, where the initiating mutations of the
tumor originate in the epithelial cells. The use of xenograft and mouse models suggest that mutations
in the stromal fibroblasts can also initiate epithelial tumors. Many of these tumors are a result of the
alteration of paracrine growth factor pathways that act on the epithelia. However, the tissue specificity
of the responses to the growth factors is a mystery not yet solved.
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Carcinomas are malignant neoplasms derived from epithelial cells and represent the most
common form of human cancer. A specialized stroma accompanies carcinomas, and this stroma
is characterized by modifications in the non-epithelial cell types that secret extracellular matrix
(ECM) proteins and growth factors. Just as in the normal epithelial tissue the stromal cells
include those comprising the vasculature, inflammatory cells (lymphocytes, macrophages,
mast cells), and fibroblasts. However, as genetic mutations in the epithelia result in altered
rates of apoptosis and proliferation as well as changes in morphogenesis, the carcinoma cells
in turn promote angiogenesis, increased inflammatory cell recruitment, altered ECM
expression, and accelerated fibroblast proliferation [1–4]. Recent reports suggest a role for
inflammation, ECM, and stromal fibroblasts in the initiation and progression of carcinomas.
In this review, we will examine the concept of the co-evolution of the epithelial cancer cells
with its stroma. Although it is understood that there is reciprocal relationship between the
epithelia and stroma in normal tissues, the mechanisms for this interaction in cancer have been
elucidated more recently.

Epithelial Interactions With The Stroma
The role of the ECM in tumorigenesis includes effects on epithelial polarity and angiogenesis
[2]. The cells of the stroma and epithelia together regulate the expression and remodeling of
the ECM [5–7]. The basement membrane separates the epithelial and endothelial cells from
the stromal components. Inflammatory cells and fibroblasts express the stromal ECM proteins.
However, the basal epithelia, myoepithelia, and fibroblasts express the major components of
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the basement membrane (collagen VI, laminin, entactin, and heparan-sulphate proteoglycans)
in a tissue specific manner [8]. Epithelial integrins confer polarity through binding to the
basement membrane [9]. Interestingly the specificity of the integrins expressed and the matrix
with which it is associated influence epithelial and endothelial proliferation and migration.
Intact type VI collagen interacting with α1β1 and α2β1 integrins can be mitogenic to endothelia
in tumor angiogenesis; however, when the same matrix is digested by matrix
metalloproteinases (MMPs), the binding to β1 integrins diminishes [10]. Instead β3 integrins
bind denatured collagen VI and its activation can signal to inhibit proliferation and migration
of endothelial cells [11]. Recently White et al. [12**] found that the disruption of β1 integrin
expression in mammary epithelial cells did not influence mammary glandular development,
however this knockout did significantly inhibit mammary tumorigenesis. The authors also
found that β1 integrin expression is involved in maintaining the proliferative capacity of late-
stage tumor cells. The data suggest the possibility that the balance of activated β1 and β3
integrins on the epithelial cell surface, in conjunction with the expression of MMPs that regulate
ECM and growth factor activation (discussed below), influences the development of mammary
carcinomas.

Impact of Stromal Cells On The Epithelia
The genetic basis of carcinogenesis involves a process of acquisition of multiple genetic
mutations in epithelial cells [13] resulting in an activated stroma [3,4]. This specialized stroma
has an abundance of inflammatory cells and activated fibroblasts that express ECM and growth
factors to support the survival and proliferation of carcinoma cells in a paracrine fashion.

The mechanism of the long recognized relationship between inflammation and cancer is
emerging [1]. Chronic inflammation can be a precursor to the development of carcinomas. For
example chronic pancreatitis, ulcerative colitis, and inflammatory bowel disease are associated
with pancreatic, stomach, and colon carcinomas, respectively [1]. Inflammatory cells are also
a key component of the stroma of carcinomas arising independent of chronic inflammation.
Inflammatory cells secrete numerous cytokines, growth factors and chemokines, and produce
reactive oxygen species that stimulate proliferation, prevent apoptosis, induce morphogenesis,
or mediate DNA damage in the epithelial cells [1]. One potential mechanism identified in at
least inflammation-associated cancers of the stomach and colon involve the activation of the
NF-kB signalling pathways. In a recent study the inhibitor of NF-kB, IKKβ, was conditionally
deleted in enterocytes and macrophages [14**]. The cell-specific loss of IKKβ expression
reduced the incidence of inflammation-associated cancer in both the stomach and the colon by
interestingly different mechanisms. In the enterocytes, IKKβ contributes to tumor initiation by
suppressing apoptosis. However, in myeloid cells IKKβ enhances growth factor expression
promoting tumor proliferation [14**].

One approach to examining the role of stromal fibroblasts in the carcinogenic process has been
by inducing sub-lethal DNA damage to fibroblasts through irradiation. Initially, the more
general effect of the mammary stroma on epithelial cancer was tested by allografting non-
transformed mammary epithelial cells into irradiated or non-irradiate cleared mammary fat
pads of mice. The radiation-induced alterations of the stroma produced a greater number of
mammary carcinomas compared to the control, non-irradiated stroma [15*]. These studies
suggest that the stromal cells have an inductive role in transformation of epithelial cells. Higher
expression of active transforming growth factor-beta1 (TGF-β1) by the irradiated mammary
stroma was attributed a causative role for corresponding changes in epithelia to a spindle
morphology, elevation of collagen III expression, and suppressed immune system [15*]. More
recently, in a xenograft experiment, pancreatic carcinoma cells were recombined with
irradiated pancreatic fibroblasts. This resulted in an elevated incidence of a more aggressive
and invasive cancer compared to the same epithelial cells recombined with non-irradiated
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fibroblasts [16*]. In this circumstance the fibroblasts were the mediators of the more invasive
behavior of the carcinoma. These observations were associated with elevated expression of the
activated hepatocyte growth factor (HGF) receptor, c-Met, in epithelial cells and increased
TGF-β1 expression by the irradiated pancreatic fibroblasts. These reports suggest a trans-
activating mechanism for fibroblasts on the epithelia where alterations in stromal fibroblasts
enhanced carcinoma progression. Our findings argue against a mechanism in which silencing
of genes by binding PcG proteins to PREs gives rise to repositioning of silenced loci inside
compact chromatin domains, that is, away from the perichromatin compartment. Clearly, the
state of chromatin after silencing by PcG proteins is different from tha

Mediators of the Stromal Signals
Carcinoma cells often show enhanced expression of growth factors and the regulators of growth
factor effects. The stromally expressed matrix metalloproteinase (MMPs), elevated in tumors,
have diverse roles in growth-regulation, angiogenesis, metastasis, and promotion of epithelial
transformation [17]. Some of the signals are mediated through the activation of growth factors
[17,18]. Additionally, since many growth factor pathways have common signaling pathways,
a mutation involving a signaling protein can potentially affect several growth factor pathways.
Multiple families of growth factors implicated as autocrine and paracrine mediators of stromal-
epithelial interactions have been identified to be altered in carcinomas. These include the
fibroblast growth factor (FGF) family, the insulin-like growth factor (IGF) family, epidermal
growth factor (EGF), transforming growth factor alpha (TGFα), and HGF all of which are
predominantly stimulators of proliferation (Figure 1). Under normal circumstances, these
growth factors are expressed predominantly by fibroblasts with elevated expression in many
carcinomas. However, a confounding event in the tumors can involve the epithelial expression
of the normally fibroblast-derived growth factors to facilitate autocrine and paracrine
stimulation of proliferation.

Within the group of morphogenic factors (see Figure 1), Wnt-1, HGF, and TGF-β particularly
standout due to their demonstrated ability to induce cancer initiation and progression [19–
22]. The paracrine factor, Wnt1, when over expressed in fibroblasts, was found to promote
transformation of C57MG mammary epithelial cells in culture with no accompanying
transformation of the fibroblasts themselves [21]. More recently, human immortalized
mammary fibroblasts transduced to ectopically express HGF or TGF-β1 alone or together were
recombined with nontransformed human mammary epithelial organoids that were induced to
form ductal carcinoma in situ, adenocarcinoma, and poorly differentiated carcinomas [23**].
In contrast mammary organoids recombined with control fibroblasts did not show evidence of
neoplastic transformation. The expression of HGF-related ligands including the growth factor,
MSP (macrophage stimulating protein), which can activate a heterodimeric receptor consisting
of c-Met and the c-Met related receptor RON, is also known to promote carcinogenesis [24,
25]. Alternatively, the over expression of c-Met, common in many cancers, can be associated
with ligand independent activation [26] or increased sensitivity to normal physiologic levels
of HGF [27].

The first genetic evidence for the TGF-β pathway being tumor suppressive in human tumors
was the demonstration that the gene encoding the type II TGF-β receptor (TβRII), Tgfbr2, is
very frequently inactivated in colon cancers with mismatch repair deficiency [28]. TβRII is
required for signaling by all three TGF-β ligands [29]. A subsequent study of all types of
mutations in Tgfbr2 in colorectal cancer lines demonstrated that most had mutations that would
lead to loss of TβRII function [30]. However, there is often an increased expression of TGF-
β in many carcinomas. The sources of TGF-β include the inflammatory cells, stromal
fibroblasts as well as the carcinoma cells themselves in many cases [31]. Thus the prevailing
paradigm has been that TGF-β has tumor suppressive role on normal epithelia, however
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transformed epithelia can overcome the growth inhibitory effects of TGF-β and take on a
metastatic phenotype. Apart from the immuno-suppressive role of TGF-β on the host and its
role stimulating a reactive tumor stromal environment little else is known regarding its effect
on fibroblasts.

To study the role of TGF-β signaling in the fibroblasts, Cre-lox technology has been used to
conditionally knockoutTgfbr2 gene expression. Selective knockout ofTgfbr2 in stromal
fibroblasts was achieved by crossbreeding transgenic mice having floxedTgfbr2 (loxP sites
flanking exon 2) [32] with FSP1-Cre (driven by the fibroblast specific protein 1 promoter)
[33], termed Tgfbr2fspko mice [34**]. Interstitial fibroblasts of mature tissues throughout the
mouse express FSP1 [35]. The Tgfbr2fspko mice exhibited preneoplastic lesions in the prostate
(prostatic intraepithelial neoplasia) and invasive squamous cell carcinomas of the forestomach
by six weeks of age with high penetrance [34**]. Cultured Tgfbr2fspko fibroblasts of the prostate
and forestomach expressed elevated levels of HGF. Concurrent activation of the cognate
receptor, c-Met, in the prostate and forestomach lesions in the Tgfbr2fspko mice suggested a
paracrine signaling mechanism for stimulation of epithelial proliferation and transformation.
The suppression of HGF expression by TGF-β signaling [36] in the fibroblasts was seemingly
lost in the Tgfbr2fspKO mice [34**]. Thus alterations in TGF-β intercellular signaling in the
fibroblasts can result in intercellular signaling that ultimately impact adjacent epithelial
tumorigenesis in some tissues.

The lack of epithelial transformation in much of the other tissues in the Tgfbr2fspko mouse
model was equally intriguing [34**]. One instance was the development of squamous cell
carcinoma in the forestomach, while the adjacent squamous epithelia of the esophagus and the
glandular stomach body were unchanged. Further, the carcinoma originating in the forestomach
invaded the stomach body but not the esophagus. The traditional phenotypic markers for
fibroblasts that include the expression of vimentin and FSP-1 are not sufficient to distinguish
the differences in fibroblasts associated with the squamous epithelial forestomach and
esophagus from the adjacent glandular epithelia of the stomach body. Since Tgfbr2 expression
was conditionally knocked out in the fibroblasts of the esophagus, forestomach, and the
glandular stomach of the Tgfbr2fspko mice, this suggests the possibility that there are may be
as many types of stromal fibroblasts as there are epithelial types in the complex tissue
architecture.

Conclusions
Recent data bring prominence to the tumor stromal environment in not only a supportive role,
but also as a leading player in the initiation of carcinomas. Mutations in stromal cells
specifically regulating paracrine growth factor expression have been shown to initiate epithelial
cancers. Elevated expression of morphogens, anti-apoptotic, and proliferative factors in the
microenvironment can be a potential cause of epithelial mutations that lead to transformation.
The sensitivity of the epithelial cells to the microenvironment is partly tissue and cell type
dependent. In turn the tissue specificity of the various cellular components of the
microenvironment dictate the reciprocal sensitivity to the epithelially derived paracrine factors.
Tumor development will be better understood as we uncover the intracellular cross talk within
tissues.
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Figure 1. Epithelial growth, differentiation, and apoptosis are regulated by fibroblast derived
soluble factors [37–40]
The abbreviations are EGF, epidermal growth factor; FGF, fibroblast growth factor; HGF,
hepatocyte growth factor; IGF, insulin growth factor; IL6, interleukin 6; KGF, keratinocyte
growth factor; LIF, leukemia inhibitory factor; MSP, macrophage stimulating factor; NGF,
nerve growth factor; TGF-β, transforming growth factor.
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