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Genetic changes that mark cells as potentially
cancerous are being discovered with the new
technologies of sequencing and the

determination of specific mRNAs being expressed in
each cancer.  Cancers with similar phenotypes, e.g.
non-small cell carcinomas of the lung, may have
disparate genetic changes that result in different
responses to drugs.  One aspect of tumour formation
and progression that has not been sufficiently
addressed are the effect of normal tissues
surrounding a tumour and the microenvironment
itself on growth and invasion. The stroma is not
perhaps so ‘normal’ and can play a part in the
progress of a cancer. In 1889, Paget [1] hypothesised
that the tumour was like a seed and the
microenvironment the soil; for optimum growth the
tumour needed the soil of the microenvironment, as
emphasised by the predilection of certain sites for
metastasis.  It has recently been shown that the
genetic profile of the stroma can predict clinical
outcome in breast cancers [2].  The activity of its
fibroblasts, referred to as cancer-associated
fibroblasts (CAFs) that differ from fibroblasts found
associated with normal epithelial tissue, may affect
tumour  growth and behaviour [3]  A number of
markers have been identified that might differentiate
CAFs from normal fibroblasts, but none so far can
do so unambiguously.   
While the genetic profile of the stroma can

sometimes predict outcome [2], genetic signatures
have been acquired from the whole stroma, not for
any particular cell type, but recent investigations
have been following the role of inflammatory cells.
There is little doubt that the immune response can
be protective, since immuno-suppressed individuals
have a high incidence of some tumours, e.g. cervical
cancer and haematological malignancies.  However,
there is also evidence that the immune response can
promote cancer development [4]. An important
component is Signal Transducer and Activator of
Transcription 3 (STAT3), upregulated in many
cancer types, which helps to transcribe cytokines
and growth factors (e.g. IL6 and vascular
endothelial growth factor A, respectively) that
interact with cells in the stroma to increase immune
cell infiltration. Tumour-associated macrophages
may be important in being pro-tumorigenic, since
they produce growth and angiogenic factors that
stimulate tumour growth [5].  Therefore, cross-talk
between the tumour and the surrounding stroma
may result in immune cell infiltration and
production of pro-tumorigenic factors.  Whether the
immune cells can be targeted as a therapeutic
approach is unclear, since as already mentioned, the

immune response can be protective.  The challenge
will be to differentiate the protective aspects of the
immune response from the pro-oncogenic for
improved anti-tumour therapy.  
We have been investigating the interaction of oro-

pharyngeal cancer cells with stromal fibroblasts.
Three-dimensional organotypic culture techniques
are being used that recapitulate the stratified
epithelium, the type found in the oro-pharyngeal
region. Epithelial cells from the oral cavity or human
foreskin were used to produce epithelium, with the
oral and foreskin fibroblasts being embedded in
collagen to represent the stroma. In this model,
fibroblasts in the collagen affect the differentiation
of stratified epithelium [6], and the invasive
potential of transformed cells [7]. The model was
particularly helpful in investigating a number of
other aspects. In experiments investigating the
effects of retinoblastoma protein (RB) on
neighbouring cells, short-hairpin RNAs (shRNA)
were used to deplete Rb in the embedded fibroblast
cells to follow their effect on the epithelium. The
epithelium cells here were human keratinocytes
expressing E6 and E7 from human papillomavirus
type 16 (HPV16), the commonest cause of cervical
cancer but also increasingly being implicated in oro-
pharyngeal cancer. When encountering control
fibroblasts or fibroblasts transduced with a control
shRNA (i.e. one that does not recognize any cellular
mRNA), the keratinocytes did not invade the
collagen, whereas the Rb-depleted fibroblasts
resulted in the epithelial cells invading the collagen
in a quite dramatic fashion. The process was further
stimulated by the overexpression of keratinocyte
growth factor or fibroblasts growth factor 7
(KGF/FGF7), produced by the fibroblasts as a result
of Rb depletion. How does an increase in KGF/GFG7
induce invasion of the epithelial cells? It appears
that KGF/FGF7 interacts with its receptor, fibroblast
growth factor receptor 2b (FGFR2b), on the
epithelial cells. This activation by KGF/FGF7
binding results in signals being sent through via the
AKT pathway, eventually upregulating matrix
metalloproteinases (MMP), in particular MMP-1.
Degradation of collagen fibres by MMP-1 assists
epithelial cell invasion, a process that can be
inhibited by either  depletion of MMP-1 or any of the
components downstream of the FGFR2b receptor
(e.g. AKT or the transcription factor Ets2).
Regarding the clinical implications, samples from

35 oro-pharyngeal cancers were tested to see if Rb
was inactivated in the stromal fibroblasts next to the
cancer cells, since it is unlikely that Rb would be
depleted. Rb can be physiologically inactivated by

The Tumour Microenvironment

Dr Adam Pickard, 
postdoctoral Fellow in
CCRCB, 
funded by Wellcome Trust
and Medical Research
Council Grants.

Professor 
Dennis J McCance, 
Professor for Cancer
Research in CCRCB and
Principle Investigator on
Wellcome Trust and
Medical Research Council
Grants.

Correspondence:
Professor 
Dennis J McCance,
Centre for Cancer Research
and Cell Biology (CCRCB),
Queen’s University,
97 Lisburn Road,
Belfast,
BT9 7BL, UK.

cancer-associated fibroblasts (CAFs) that differ from fibroblasts
found associated with normal epithelial tissue, may affect tumour
growth and behaviour

ONND12_ILR SO04  23/10/2012  23:03  Page 150



Volume 7 Issue 5 • November/December 2012 151

hyper-phosphorylation. Using 2 different antibodies to recognise the
phosphorylated amino acids on the Rb protein, we found that most stroma
fibroblasts in the tumours contained hyper-phosphorylated Rb, unlike
fibroblasts from normal connective tissue of the same patient that had active
Rb. The tumour cells had high levels of activated Ets2 and MMP-1, indicating
that the pathways seen in vitro were active in tumour tissue. Inactivation of
Rb was independent of whether the oro-pharyngeal cancer was HPV positive
or negative, as had also been seen in the stroma of cervical cancers. As well
as influencing the growth and invasion of tumours, new data suggests that
the microenvironment can alter the drug sensitivity of tumours. Two studies
[8, 9] have shown that the release of growth factors, in this case hepatocyte
growth factor (HGF), from the fibroblasts led to resistance to the BRAF
inhibitor, PLX4032 (vemurafenib), in BRAF-mutant melanoma cells through
stimulation of alterative signalling pathways in the tumour cells. Thus the
microenvironment not only impacts tumour growth, invasion and response to
chemotherapy, but is an important part of the whole process of cancer
growth, spread and treatment.
Are stromal fibroblasts surrounding a tumour different from those

fibroblasts associated with normal epithelial tissue? In normal tissues, the
epithelium and the underlying stroma communicate with each other to
ensure the controlled growth of the epithelium; where this equilibrium is
disrupted, e.g. in wound healing, stromal fibroblasts respond by controlling
epithelial cell growth and repair [10]. However, this response is induced by
signals from the epithelium through release of interleukin-1 (IL-1). In the
cancer scenario, it is unclear what signal tumour cells are sending to the
stromal fibroblasts that inactivate Rb and the subsequent induction of
KGF/FGF7, with the consequences described above.  In the normal stratified
epithelium, e.g. skin, IL-1-alpha and -beta are released by the epithelial cells,
which induces KGF/FGF7, and this in turn stimulates proliferation in the
epithelium to maintain homeostasis. Is this homeostasis disturbed in cancers
or are other signalling pathways involved in tumour cells? These are
questions we hope to answer in unravelling ‘the seed and soil’ concept in
cancer. 
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Easy it’s not.

Brain Tumour Research was launched in April 2009 to  
raise the profile and funding for brain tumour research in the 
UK and improve the chances for brain tumour patients. 

Charities who have united together to create Brain Tumour 
Research include: Ali’s Dream, Anna’s Hope, Astro Fund, 
Brain and Spine Foundation, Brainstrust, Brain Tumour 
Research and Support across Yorkshire, Brain Tumour 
Research Campaign, Brainwaves, Charlie’s Challenge, 
Children’s Brain Tumour Research Centre, Ellie Savage 
Memorial Trust, Ellie’s Fund, Headcase, Katy Holmes Trust, 
Levi’s Star, Red Wellies, The Diana Ford Trust, The PPR 
Foundation, Thorne Mason Trust and Trudy’s Trust.

Brain Tumour Research. A tough nut to crack.
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