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a b s t r a c t

Solid tumours comprise, not only malignant cells but also a variety of stromal cells and extracellular
matrix proteins. These components interact via an array of signalling pathways to create an adaptable
network that may act to promote or suppress cancer progression. To date, the majority of anti-tumour
chemotherapeutic agents have principally sought to target the cancer cell. Consequently, resistance
develops because of clonal evolution, as a result of selection pressure during tumour expansion. The
concept of activating or inhibiting other cell types within the tumour microenvironment is relatively
novel and has the advantage of targeting cells which are genetically stable and less likely to develop
resistance. This review outlines key players in the stromal tumour microenvironment and discusses
potential targeting strategies that may offer therapeutic benefit.

Focal points:

� Benchside
J The tumour stroma consists of mesenchymal, immune and vascular cells housed in an extracellular

matrix. Stromal cells and extracellular matrix proteins represent genetically stable targets which
can be exploited in cancer treatment. Numerous in vitro and animal studies support the concept of
stromal-directed treatment.

� Bedside
J Several therapeutic strategies have been developed or repurposed to target the stroma. The anti-

angiogenic agent bevacizumab was one of the first specific stromal-targeting agents to be licensed
for cancer treatment over a decade ago. More recently, immune modulation of the stroma has
become a hugely successful strategy, with novel drugs such as checkpoint inhibitors set to re-
volutionise cancer treatment.

� Governments
J Funding bodies should continue to acknowledge the pivotal role that the stroma plays in cancer

progression, in parallel with cancer cell itself. Undoubtedly, the most successful treatment regimens
of the future will address both the “seed” and the “soil”.

& 2016 The Authors. Published by Elsevier Ltd. on behalf of European Society for Translational
Medicine. This is an open access article under the CC BY license
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1. Introduction

Paget [1] first highlighted the importance of the tumour mi-
croenvironment (TME) over a century ago when he described his
‘seed and soil’ hypothesis. The concept that cancer cells (seeds)
require a specific TME (soil) in order to establish or propagate a
tumour is just as valid today and is indeed recognised as the first
key milestone, in a series of articles by the journal Nature, high-
lighting the most influential discoveries in the field of cancer [2].

The microenvironment of solid tumours consists of a diverse
network of cellular and acellular components [3]. A histological
categorisation is to divide these elements into cancer and stromal
compartments, with the stromal compartment further divided
into a cellular component and the extracellular matrix. Cancer
cells and cancer stem cells [4] form the cancer compartment.
Stromal cells can be sub-classified into: mesenchymal (fibroblasts
and mesenchymal stem cells (MSCs)), immune (T cells, macro-
phages, natural killer (NK) cells and antigen presenting cells
(APCs)) and vascular (endothelial cells (ECs) and pericytes). Of
these, vascular cells are permanently located in the TME, immune
cells are transient, and mesenchymal cells may be permanent or
transient [5]. The extracellular matrix (ECM) is a biologically active
three-dimensional scaffold for cancer and stromal cells, compris-
ing proteoglycans and fibrous molecules [6]. By its cellular inter-
actions it permits tumour expansion, invasion and dissemination
[7]. Fig. 1 summarises key components of the TME.

Malignant cells accrue mutations which can allow escape from
regulatory mechanisms [8]. We can think of these cells as ge-
netically unstable and highly plastic [9]. One of the effects of
chemotherapy is to apply selection pressure to these hetero-
geneous cells, allowing expansion of resistant clones. In contrast,
stromal cells are not mutated [10], turnover more slowly [11] and
are therefore genetically more stable. These cells are less likely to
develop chemotherapeutic drug resistance. The stroma is there-
fore an appealing target for novel cancer therapies.

Cancer is characterised by a misregulation of genes such as
those encoding oncogenic, tumour suppressor and DNA repair
proteins [12]. As a result, there are certain key signalling pathways
which are commonly altered across many cancer types, under-
pinning the hallmarks of cancer [13]. Notably, microRNAs (miRs)
are master regulators of gene expression and signalling pathways,
with an estimated one-third of all genes under miR control [14]. As
a consequence, there has been much interest in modulating on-
cogenic and tumour-suppressing miRs for therapeutic benefit.

In this review, we outline existing and potential targets for

novel chemotherapeutic agents in the stroma with an introduction
to miR targeting strategies.

2. The mesenchymal stroma

Fibroblasts are mesenchymal cells which secrete ECM compo-
nents [15]. Cancer-associated fibroblasts (CAFs) are variably de-
fined in the literature. It is best to consider them as any fibroblast
adjacent to the tumour, rather than by their expression profile or
cell of origin [16]. CAFs may originate from resident fibroblasts
[17], bone marrow-derived MSCs [18] and epithelial cells (in-
cluding cancer cells and endothelial cells) through the process of
epithelial-mesenchymal transition (EMT; [19],[20],[21]). Spindle
shaped myofibroblasts expressing alpha smooth muscle actin
(αSMA) and vimentin, with typical ultrastructural appearances
[22] are a subpopulation of CAFs which are associated with tu-
morigenesis and cancer progression [23,24] but it is important to
note that not all CAFs are myofibroblasts. Nonetheless, αSMA po-
sitivity is most commonly used to denote the ‘activated’ CAF
phenotype [25] and TGF-β is widely accepted as the main cancer
cell-secreted factor which activates CAFs [26,17].

CAFs, like other fibroblasts, regulate the integrity of the ECM
through their secretory function. In normal physiology, myofi-
broblasts are capable of closing a wound. Cancer is considered to
be a ‘wound that does not heal’ [27] and in this context, myofi-
broblastic CAFs are thought to remain persistently activated [28].
Activated CAFs have been shown to alter the morphology of epi-
thelial cells [29] and drive tumorigenesis [30].

CAFs express the enzyme lysyl oxidase (LOX) and lysyl oxidase-
like proteins (LOX-L) 1–4 which allow crosslinking of ECM sub-
strates such as collagen with elastin. This stiffens the ECM and
stimulates integrin-dependent mechanotransduction pathways
which promote invasion [31]. LOX/LOX-L expression correlates
with worse prognosis in head and neck, lung, ovarian and breast
cancers [32]. LOX inhibitors such as beta-aminopropionitrile
(BAPN) have been shown to reduce breast cancer cell motility in
vitro [33]. In cervical cancer models, the same drug was shown to
reduce hypoxia-induced EMT, invasion and migration [34]. Bon-
dareva et al. [35] showed that BAPN reduced metastasis of MDA-
231 breast cancer cells only if given at the same time or prior to
systemic injection of tumour cells. This suggests that LOX inhibi-
tion is important in preventing extravasation of tumour cells from
the circulation. Nonetheless, this class of drug has not been carried
forward into human trials as yet. Inevitably, with collagen
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