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Tumor growth and cancer develop-
ment are considered clear examples 

of Darwinian selection, whereby random 
mutational events in heterogeneous can-
cer cell populations that best fit the selec-
tive microenvironment are preferred.1 As 
a result, cancer cells evolve resistance to 
apoptosis, hide from immune surveil-
lance and acquire the ability to invade 
other organs. Cancer cells, however, are 
not necessarily passive subjects of selec-
tion; they can actively subvert the host 
tissue to provide a favorable habitat for 
their growth. Recent findings by Calon 
et al. convincingly demonstrate that 
transforming growth factor-β-induced 
secretion of interleukin 11 by tumor stro-
mal fibroblasts is a necessary prerequisite 
for the development of distant metas-
tases in colorectal carcinoma. Thus, 
understanding the complex molecular 
feedback loops between cancer cells and 
the surrounding microenvironment (i.e., 
the tumor-associated stroma or invaded 
host tissue) should aid the identification 
of useful molecular targets for improving 
clinical management of advanced meta-
static cancers.

Scientific opinions on the underpin-
nings cancer development have changed 
over time as our knowledge of the bio-
logical mechanisms underlying cancer 
has increased. Currently, cancer growth is 
perceived as an outcome of a remarkably 
complex network of mutual interaction 
between malignant cells, the immune sys-
tem and invaded tissue.2,3 Indeed, the suc-
cess of specific and individualized therapy 
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depends on detailed mapping of signaling 
cascades within the tumor microenviron-
ment. Despite the complexity of such a 
task, the identification of individual par-
ticipating factors offers new opportunities 
to target molecules critical for the survival 
of cancer cells colonizing host tissues and 
forming secondary tumors.

Development of distant metastases 
represents the most serious hindrance of 
clinical management of colorectal carci-
noma (CRC). Although the cascade of 
mutational events leading to transfor-
mation of colon epithelial cells toward 
the malignant phenotype is relatively 
well understood,4 a similar mechanistic 
description is lacking for the spread of 
the primary tumor. In a recent issue of 
Cancer Cell, Calon and colleagues identi-
fied a molecular mechanism employed by 
invading CRC cells and mediating trans-
formation of surrounding tissue to com-
petent metastatic niche. Cancer cells that 
fail to manipulate the neighbor micro-
environment for their favorable growth 
are curtailed in developing secondary 
tumors. The molecular bearer of this reg-
ulation is transforming growth factor-β 
(TGF-β), a cytokine that is strongly 
involved in the regulation of various cel-
lular or tissue events, ranging from cell-
cycle control to immunosurveillance 
and tissue regeneration.5 Deregulation 
of TGF-β expression is associated with 
many cancers and often correlates with 
poor prognosis. In the published work, 
Calon et al. identified TGF-β as the ini-
tiation factor launching prometastatic 
changes in the host tissue.
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significantly limited the expression of 
IL-11 by stromal fibroblasts.

Abnormal activation of STAT3 sig-
naling by proinflammatory cytokines is 
well described for various gastrointestinal 
tumors. Changes in microenvironment 
architecture and cytokine context dur-
ing tumor progression are also paralleled 
or even preceded by inflammatory states 
(e.g., inflammatory bowel disease). The 
activated GP130-STAT3 pathway not 
only protects the invading cancer cells 
from apoptosis or growth restriction but 
also is critical for survival and preservation 
of the “stemness” character of stem-like 
cells FACS-sorted from cultures of colon 
cancer cell lines.10

The above-mentioned experiments 
increase our knowledge of TGF-β-
induced alterations of the tumor micro-
environment and emphasize the necessity 
of understanding that not only the tumor 
itself but also the related functional links 
(e.g., stromal fibroblasts) should be the 
target of cancer therapy to prevent suc-
cessful invasion by cancer cells. Thus, 
TGF-β not only attenuates the immune 
system and enhances the tendency to 
epithelial-mesenchymal transition, but it 
also indirectly supports cancer survival by 
altering invaded tissue. Importantly, many 
biologically active molecules are part of 
adjuvant therapy in different treatment 
protocols. For example, chemotherapy-
induced thrombocytopenia is treated with 
IL-11.11,12 As this cytokine supports sur-
vival of cancer cells and therefore tumor 
spreading, reassessment of IL-11 use in 
clinical praxis should be discussed.

Another important aspect raised by 
the authors reflects the competence of 
cancer cells to convert normal tissue to a 
metastatic site during the development of 
primary tumor. The expression of TBRS, 
which predict metastatic formation, in 
cells at the site of the primary tumor would 
be presumably recapitulated at the site of 
the secondary tumor, resulting in prosur-
vival signaling from stroma to cancer cells. 
Rhim et al.13 discovered a similar phe-
nomenon in the very early dissemination 
of pancreatic cancer, observing cells that 
undergo the epithelial-to-mesenchymal 
transition and keep stem-like characteris-
tics at sites of inflammation. Importantly, 
paracrine signaling networks facilitating 

The authors pursued a mechanis-
tic explanation of stromal response to 
TGF-β secreted by cancer cells. By an 
elegant experiment using CRC cell lines 
HT29-M6 and KM12L4a, which are 
defective in TGF-β intracellular signal-
ing, the authors showed it was possible 
to simulate the scenario of advanced dis-
ease characterized by the absence of 
autocrine inhibitory effects of TGF-β on 
epithelial cancer cells. HT29-M6TGF-β and 
KM12L4aTGF-β, genetically engineered 
to produce soluble TGF-β, showed suc-
cessful initiation of metastasis in immu-
nodeficient mice as compared with that 
observed by vehicle controls. Importantly, 
the authors also showed that blocking 
metastasis via pharmacological inhibition 
of stromal TGF-β is only effective during 
the initial phase of metastasis. Generally, 
TGF-β inhibitors seem to be a promising, 
specific treatment modality for advanced 
cancers;9 however, important findings of 
Calon et al. contribute to a discussion on 
the importance of stratifying patients and 
choosing appropriate recipients for suc-
cessful therapy.

Moreover, the authors discovered that 
the majority of cancer cells isolated from 
TGF-β-secreting tumors have a large 
amount of phosphorylated STAT3 mol-
ecules activated by GP130. Combined 
silencing of GP130 and overexpression of 
TGF-β in CRC HT29-M6 and KM12L4a 
cells significantly attenuated the capability 
of metastatic spreading in vivo, presum-
ably by enhancing the apoptosis of invad-
ing CRC cells. Activation of JAK-STAT 
pathways, and particularly the GP130 
receptor by specific molecules secreted by 
TGF-β-activated stroma, thus, contrib-
utes to survival of cancer cells.

The microarray experiment performed 
on TGF-β-stimulated fibroblasts pointed 
out several candidates. One of these, inter-
leukin-11 (IL-11), a GP130 ligand, induces 
expression of genes (IL-11 response, 
IL-11RS), correlating with TBRS and 
also disease relapse. Metastases derived 
from mouse models contained increased 
amounts of IL-11 and, more specifically, 
pointed to cancer-associated fibroblasts 
as the major source of this cytokine, over 
endothelial, epithelial, or immune cells. 
Treatment of mice possessing CRC line-
derived tumors with TGF-βR inhibitors 

CRC is also associated with deregu-
lated levels of TGF-β that predict poor 
prognosis and limited recurrence-free sur-
vival. Nonetheless, clinical outcome, even 
with great expression of TGF-β, depends 
on many factors, including the molecular 
history of disease development, immune 
system profile, and composition of micro-
environment. Unfortunately, a number of 
studies have inherent design limitations 
that exhibit “promising trends” rather 
than true significance in short-term 
follow-ups.6,7

Calon et al. convincingly demon-
strated, using a cohort of 345 cases of 
CRC, the predictive power of TGF-β 
expression. Notably, all patients whose 
tumors were categorized as “TGFB-low” 
remained without disease recurrence dur-
ing 10 years of follow-up.

The epithelial CRC cells secreting 
active TGF-β often contain inactive 
downstream signaling pathways and 
avoid the autocrine inhibitory actions 
of TGF-β.8 On the other hand, Calon 
et al. showed that nucleus-localized 
phosphorylated SMAD3 (p-SMAD3), 
a marker of TGF-β canonical signaling, 
was present predominantly in stroma in 
most CRCs. This finding indicates that 
various stromal cell populations, includ-
ing macrophages, fibroblasts, endothe-
lial cells or T-cells retain responsivity 
to TGF-β, phosphorylate downstream 
SMAD3 mediators and express a com-
mon set of genes termed the TGF-β 
response signatures (TBRS). Notably, all 
stromal TBRS were enriched in malig-
nant or advanced stages of colorectal car-
cinoma and served as excellent predictors 
of disease relapse. In contrast to differ-
ent stromal cell types, epithelial tumor 
cells minimally expressed TBRS genes. 
Moreover, the authors analyzed in detail 
stromal cell type-specific TBRS using the 
cells isolated from fresh CRC samples. 
Intriguingly, this analysis indicated that 
the response of cancer-associated fibro-
blasts and endothelial cells to TGF-β is 
the main contributor to poor prognosis. 
Concomitant loss of downstream TGF-β 
signaling in cancer cells together with 
retained sensitivity in the tumor stroma 
thus direct the host tissue to express pro-
metastatic TBRS and form a competent 
metastatic niche.
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invasion were sensitive to immunosup-
pressive reagents. Thus, targeting inflam-
matory molecules might help abrogate the 
interaction between host tissue and cancer 
cells.

In summary, the findings of Calon 
et al. bring new views on intercellular 
communication in developing secondary 
tumors (Fig. 1). Evaluating the microenvi-
ronment response to invading cancer cells 
can therefore identify patients who would 
benefit from individualized treatment 
that targets particular molecules in the 
metastatic niche. The unraveling of such 
dynamic signaling networks may reveal 
stable and therefore druggable targets 
effective for therapy in advanced cancer.
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Figure 1. Paracrine survival loop mediated by TGF-β involves induction of the Smad-dependent pathway in stromal fibroblasts, induction of IL-11 
expression, and activation of the gp130STAT pathway.
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