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A role for Follistatin-like protein 1 (FSTL1) in colorectal cancer
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Follistatin-like protein 1 [FSTLI, alternative names: TGFp-
induced clone 36 (T'SC36) or Follistatin-Related Protein
(FRP)] is a glycosylated 308 amino-acid secreted protein
expressed in various human tissues (1). It plays various roles
in vertebrate development including the dorso-ventral axis
establishment and skeletal, lung and ureter development (2).
In mice, disruption of the fs#/I gene results in neonatal
mortality hours after birth with respiratory distress (3). In
human adult tissues FSTL1 mRNA is most abundantly
expressed in adipose tissue, urinary bladder, prostate and
endometrium (4). FSTL1 belongs to the SPARC (Secreted
Protein Acid and Rich in Cysteine) family of proteins
together with SPARC, FSTL4, FSTLS, SMOC1, SMOC2,
hevin and testican-1, -2 and -3. Similar to other members
of the family, FSTLI1 possesses a follistatin domain and an
extracellular calcium-binding (EC) domain. In human FSTL1
these domains occupy a position from amino acids 31 to 98
and from 113 to 232 respectively (3). More amino-terminal
(amino acids 1-20), FSTL1 possesses a signal domain
required for secretion of the protein. Carboxyterminal to
EC domain, from amino acids 232 to 271 of the protein, a
von Willebrand C type domain is present, which functions in
protein-protein interactions.

Besides its role in development, FSTLI is involved in
diverse pathologies that include cardiovascular and lung
diseases, autoimmune diseases and cancer (1). The function
of FSTL1 is mediated by interaction with proteins of the cell
surface. Main interactors with FSTL1 are receptors of the
transforming growth factor beta (TGFp)/bone morphogenic
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protein (BMP) family and disconnected (disco)-
interacting protein 2 homolog A (DIP2A) protein (5).
In the immune system FSTLI is also engaged by CD14 and
toll-like receptor 4 (TLR4), the latter is also expressed in
colorectal cancer cells. Through these receptor interactions
FSTL1 has pleotropic effects in cells that express the
receptors in their surface. In cancer in particular, FSTLI
may influence cancer cells both through direct interaction
with cells that express TGFB/BMP family receptors and
DIP2A protein and indirectly through effects on the
immune system. Binding of FSTL1 with BMP receptors
takes place in co-operation with ligands BMP2 and BMP4
and lead to inhibition of signal transduction from the
receptor (3). In contrast, interactions with DIP2A and
CD14/TLR#4 activate down-stream signaling. In cancer,
FSTL1 has been assigned diverse roles in progression and
metastasis and is reported both to promote and impede
carcinogenic processes in different cancer cells (6-9).

Since FSTL1 is a secreted protein and acts from outside
a cell by interacting with proteins in the cell surface, its
provenance could be from the receiver cell itself (autocrine
action) or neighboring cells (paracrine action). The effect
would depend on the expression of receptors interacting
with FSTL1 in a cell’s surface and on the abundance of
the glycoprotein in a cell’s micro-environment. FSTLI1
is expressed in both fibroblast cell lines established from
colon cancer patients and in colonic cancer cell lines (10).
LoVo colon cancer cells injected in nude mice together
with established fibroblast cell lines produced smaller
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tumors than LoVo cells injected alone, suggesting that
factors in fibroblasts or secreted by fibroblasts inhibit
cancer cells. Knock-down of FSTL1 with siRNA in co-
cultures of colon cancer cells with fibroblasts accelerated
cancer cell proliferation (10). A study of colorectal cancer
stroma identified FSTLI as significantly increased in whole
cell extracts and supernatants of colon cancer associated
fibroblasts compared to normal fibroblasts (11). A reciprocal
effect whence FSTLI1 from cancer cells suppress immune
cells in the metastatic tumor microenvironment has also
been described (12). As a result, FSTL1 may have a role
both in metastasis initiation, through TGFp signaling which
promotes induction of Epithelial to Mesenchymal Transition,
and in metastasis establishment in remote sites (13,14).

Zhao et al. report on the expression of FSTLI in patients
with colorectal cancer (15). They investigated levels of
FSTL1 mRNA and protein expression. Expression of
FSTL1 mRNA as determined by both transcriptome array
and RT-qPCR was higher in colon cancer tissues of patients
of various stages of colorectal cancer compared with paired
non-tumor tissues. Moreover, circulating FSTL1 levels
were significantly higher in the serum of colorectal cancer
patients compared to healthy controls. Mean FSTLI levels
in colorectal cancer patients were 1.91 ng/mL (SD: 1.4)
and those in the serum of healthy controls were 1.1 ng/mL
(SD: 1.25). At the protein level which was examined by
tissue microarrays, cancer cells of stage II to IV colorectal
carcinoma patients expressed FSTLI at higher levels than
the adjacent normal colonic epithelium. In contrast, tumor
stroma was shown to express FSTL1 at lower mean levels
than the corresponding stroma of adjacent normal tissue.
An overall survival (OS) analysis showed that patients
with tumors with higher FSTLI levels (above a cut-off of
6.5) had worse OS compared with patients whose tumors
had lower FSTL1 expression levels (below the cut-off of
6.5) (15). In contrast, an additional analysis that stratified
patients according to the tumor stroma expression of
FSTL1 showed that patients whose tumors had a higher
stromal expression of FSTLI1 (above a cut-off of 3.17) had
better OS than patients with lower expression of FSTLI
in the tumor stroma (below the cut-off of 3.17). The two
analyses suggested that the favorable effect of FSTLI for
OS in tumor stroma may be more pronounced than the
deleterious effect of higher levels of the protein when
expressed in tumor cells. Thus, FSTL1 is elevated in
colorectal cancer patients and its location is important for its
biologic effects and prognostic repercussions. It should be
noted that the cut-offs for FSTL1 proposed in the study are
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arbitrary, derived from optimization of differences between
high and low expression categories and it is unknown if they
carry a biologic significance. In addition, the study does not
specify a minimum distance of normal tissues sampled from
cancerous tissues (15). Survival data imply an association
of FSTL1 with adverse prognosis in colorectal cancer with
the additional caveat that the location of the protein within
the tumor micro-environment may be critical. Overall these
data are interpreted to signify an adverse effect of FSTLI in
colorectal cancer prognosis possibly derived from signaling
through the BMP pathway. In cancer stroma FSTL1
may have tumor-suppressive effects through influence on
tumor microenvironment, including immune cell effects.
Given the diverse effects of FSTL1 it is plausible that
its availability and abundance in various locations in the
extracellular compartment will eventually define its net
effect on a specific cancer.

How could all data on FSTLI1 role in colorectal
carcinogenesis be integrated to produce a unifying
model that may help in prognostic models and therapies
development? The TGFB/BMP pathway is one of the most
commonly affected pathways in colorectal cancer (16).
TGEFB signaling switches from tumor suppressor in pre-
cancerous epithelium to tumor promoting in established
cancers. The TGFB branch tends to promote proliferation,
depending on in-puts from additional pathways such
as K-Ras, while the BMP branch tends to have tumor
controlling influence (17). Several components of the
TGFB/BMP pathway may be mutated in colorectal cancer.
For example, mutations of SMAD4, which serves as a
common partner in both arms, lead to deregulation of
the pro-carcinogenic activities of the TGFpB branch and
regulatory activities of BMP branch (18). Inhibition of the
BMP branch by interactions of FSTL1 with BMP receptors
may accentuate the influence of pathway mutations and
further tip the balance towards pro-carcinogenic actions.
Alternatively, in cancers with no mutations activating
TGEFB signaling, FSTL1 actions may be the primary cause
of an imbalanced TGFB/BMP pro-carcinogenic output.
Increased T'GFP signaling is associated with proliferation,
invasion, metastasis and chemoresistance in colorectal
cancer (18). However, due to additional input of signals
to the TGFB/BMP pathway from other pathways such as
K-Ras, which may be aberrantly activated in a sub-set of
colorectal cancers, the net effect of inhibitory engagement
of BMP receptors by FSTL1 could be paradoxically
deleterious for the cancer cell and thus explain the
proliferation block observed in some studies (10).
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The expression of TLR4 (CD284), another FSTL1
interacting protein, is low in normal colonic epithelium
but becomes up-regulated in inflammatory disorders such
as inflammatory bowel disease (19). TLR4 engagement
in colorectal cancer cells has direct effects in enhancing
proliferation and inhibiting apoptosis (20). In addition,
activation of TLR4 in intestinal mesenchymal cells
and cancer associated fibroblasts promotes intestinal
carcinogenesis in an APC-mutant mouse model (21).
Deletion of the gene for TLR4 or the downstream
signaling protein MyD88 suppresses tumor formation in
this model (21).

In contrast to the direct effect of FSTL1 in colorectal
cancer cells, in stroma, FSTL1 may influence colorectal cancer
progression through interactions with immune cells by the
engagement of CD14 and TLR4. Both these proteins have
bacterial lipopolysaccharide as ligands, functioning as pattern
recognition receptors in the sensing of microbial invasion.
Cells that express CD14 include those of the monocytic/
macrophage lineage. In melanoma patients, the monocytic
subset of myeloid-derived suppressor cells (moMDSCs) a sub-
set of MDSCs displaying the phenotype CD14/HLA-DR""
"€ s higher than in normal control patients without cancer
and may play a role in immune suppression observed in cancer
patients (22). In the tumor micro-environment moMDSCs
could contribute to suppression of incoming tumor infiltrating
effector T cells. FSTL1 may further promote moMDSCs
action by triggering CD14.

FSTLI has deleterious effects in anti-tumoral immunity
through engagement of the DIP2A receptor in cancer cells
which then signal to activate immune suppressing cells in
the stroma (23). Epigenetic signaling of DIP2A leads to H3
histone deacetylation at lysine 9 (H3K9) through complex
formation and activation of deacetylase HDAC2 (24).
FSTL1 prevents the formation of the DIP2A-HDAC2
complex and leads to acetylation of H3K9 promoting
expression of methyltransferase MGMT in glioblastoma
cells and temozolamide resistance. Whether this resistance
mechanism operates in other cancers and in colorectal
cancer in particular remains to be confirmed. Epigenetic
modulation may have much broader effects beyond those
seen in the expression of MGMT and could prove to
be a major player in the effects of FSTLI. Interestingly,
another DIP2 homologue, DIP2C is also involved in
epigenetic regulation of cancer cells and its loss results in
hypomethylation of several hundreds of DNA sites (25).
Genes whose expression is affected include cell cycle
inhibitor CDKN2A, EMT master regulator ZEBI and
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hyaluronic acid receptor and stem cell marker CD44.
FSTLI role in colorectal cancer is complex and remains
incompletely understood. Complexities in the tumor micro-
environment with different cells responding to FSTL1
in variable ways certainly contribute to conflicting results
between studies. Part of the ambiguities in the role of FSTLI
in cancer results from the fact that several processes in which
it is involved are regulated at multiple layers and the same
regulator may have contrasting results depending on the
specific microenvironment. This is true for TGFp signaling
as alluded above, for cancer immunity where immune
effectors and suppressors are at play, for EMT where the
optimal state in cancer is defined by higher plasticity when
cells can easily switch over from epithelial to mesenchymal
state and back and for epigenetic changes where expression
of multiple genes can be modulated at the same time from
one epigenetic change, such as H3K9 acetylation. Studies
including the one by Zhao et al. (15) approaching the role
of FSTL1 from different angles will help further clarify
FSTL1 influences in colorectal carcinogenesis. The final
goal is to introduce FSTLI in the clinic as a prognostic
marker and possibly as a target for therapy. In this respect, a
preclinical study of monoclonal antibodies blocking FSTL1
has shown a tumor suppressing effect in iz vivo syngeneic and
xenograft mouse models and could pave the way for further
development, guided by predictive markers (23).
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