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Abstract. Colon cancer is still a burden mainly due to metastasis formation. The latter is often as-
sociated with a constitutive activation of the Wnt/β-catenin signaling pathway and high expression 
of the metastasis-inducing gene S100A4. We previously identified S100A4 as a transcriptional target 
of β-catenin. Intervention strategies targeting Wnt/β-catenin signaling might therefore represent 
promising approaches to inhibit tumor growth and metastasis formation when induced by S100A4. 
Many inhibitors, various strategies, as well as different routes of application targeting key molecules 
of the Wnt signaling pathway have been reported within the last decade. Consequently, downregu-
lation of β-catenin target genes lead to altered tumorigenic and metastastic abilities of cancer cells. 
This review focuses on the potential of Wnt/β-catenin signaling intervention to restrict colon cancer 
metastasis formation by interdicting S100A4 expression.
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Introduction

Colon carcinoma is still a major cause of cancer death world-
wide. In developed countries it is the third most frequent type 
of cancer concerning men and second most frequent cancer 
occurrence in female (Garcia et al. 2007). Despite intensive 
health programs for early diagnosis of colon cancer, only 
about 40% of early stage tumors are detected. The residual 
60% show already regional or even distant metastasis at the 
time of diagnosis.

Colon cancer in its early stages can be treated by surgery 
leaving patients with a good survival prognosis of about 

90%. The five-year survival rate decreases to about 65% 
when patients are diagnosed with lymph node metastasis. 
However, a drastic reduction of the five-year survival rate to 
about 10% is observed when distant metastases have formed. 
In conclusion, approximately 90% of all colon cancer deaths 
arise from metastasis dissemination of primary tumors (Stein 
and Schlag 2007).

Efforts to identify main molecular players in metastasis 
formation revealed the metastasis progressor protein S100A4 
(Ebralidze et al. 1989). We demonstrated that S100A4 was 
useful as a prognostic biomarker for metachronous colon 
cancer metastasis formation. Thus, S100A4 contributes to 
the early identification of patients with high risk to develop 
distant metastasis. Moreover, we also identified S100A4 as one 
of the target genes of the canonical Wnt/β-catenin pathway 
(Stein et al. 2006). Furthermore, S100A4 was found to be 
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specifically expressed at the invasion front of colorectal cancer 
together with nuclear β-catenin (Hlubek et al. 2007). The link 
of S100A4 expression to the Wnt/β-catenin pathway was also 
shown for gastric cancer (Yoon et al. 2008; Li et al. 2008). In 
osteosarcoma, metastasis formation was also mediated by the 
regulation of S100A4 through the Wnt signaling pathway (Guo 
et al. 2009). Many inhibitors and intervention strategies target-
ing the Wnt signaling pathway have been reported within the 
last decade. This review focuses on their potential to restrict 
S100A4 induced metastasis formation (Fig. 1).

I.  Wnt signaling in metastasis formation of colorectal 
cancer

Active Wnt signaling is crucial for cell differentiation along 
the crypt-villus axis and hence plays a central role in main-

taining the homeostasis of colon tissue (Pinto et al. 2003). 
Consequently, deregulation of this important signaling 
pathway is a major event in tumorigenesis of colon carci-
noma (Segditsas and Tomlinson 2006). Although further 
pathways such as K-ras, Notch/bHLH, BMP-4 and hedgehog 
signaling contribute to colorectal cancer, the Wnt signaling 
pathway plays a decisive role for this cancer entity (Klaus 
and Birchmeier 2008; Fre et al. 2008).

The Wnt signaling pathway can be distinguished between 
the non-canonical and the canonical signaling pathway. The 
non-canonical Wnt signaling pathway regulates cell adhe-
sion, cell polarity and coordinated tissue movement (Vincan 
and Barker 2008) via binding of β-catenin to the cytoplasmic 
region of cadherin adhesion receptors (Jeanes et al. 2008). 
The canonical Wnt signaling pathway regulates cell differ-
entiation, proliferation, migration and invasion by strictly 
controlling the amount of cytoplasmic β-catenin (Barker 

Figure 1. Potential target sites within the canonical Wnt/β-catenin signaling pathway for inhibition of S100A4 induced metastasis forma-
tion (adapted from Barker and Clevers 2006; Barker 2008; Klaus and Birchmeier 2008).
A. Activation of naturally occurring Wnt antagonists: DKK-1, WIF-1, sFRP.
B. Inhibition of Wnt receptor signaling initiation complex: Wnt; Fzd, LRP-5/-6.
C. Inhibition of Wnt signal transduction via inhibiting Dvl.
D. Re-activation of the β-catenin destruction complex: APC, Axin; GSK-3β, CK-1α.
E. Prevention/Disruption of the β-catenin/TCF transcription activating complex.
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2008). In the absence of active Wnt signaling, β-catenin 
levels are reduced by the destruction complex. In this com-
plex β-catenin is anchored by APC and Axin which builds 
a platform for the protein kinases CK-1α and GSK-3β and 
the protein phosphatase 2A (PP2A) to enter the complex and 
sequentially phosphorylate β-catenin (Komiya and Habas 
2008). Phosphorylation of β-catenin generates a binding site 
for E3 ubiquitin ligase, which leads to polyubiquitinylation 
and rapid proteasomal degradation. Suppressed levels of β-
catenin enable Groucho proteins to interact with T-cell factor 
(TCF)/lymphoid enhancer factor-1 (LEF-1) transcription 
factors and Wnt signaling enhancers to inhibit transcription 
of β-catenin target genes (Behrens et al. 1996; Brabletz et al. 
1998; Barker 2008).

Activation of the Wnt/β-catenin signaling pathway is initi-
ated by binding of secreted Wnt proteins to their receptor 
from the Frizzled (Fzd) family and their co-receptors LRP-5/-
6 at the plasma membrane. The formed Wnt-Fzd-LRP-5/-6 
initiation complex triggers the association of dishevelled 
(Dvl) with the cytoplasmic tail of Fzd receptor. That activates 
phosphorylation of LRP-5/-6 and further sequesters Axin 
from the destruction complex to the plasma membrane. 
Disruption of the destruction complex leads to accumulation 
of cytoplasmic β-catenin which then translocates into the 
nucleus (Barker 2008). Nuclear β-catenin displaces Groucho 
proteins from their complex with TCF/LEF-1 transcription 
factors and initiates transcription of β-catenin target genes 
(Daniels and Weis 2005). This target gene transcription is 
further amplified by the recruitment of transcriptional en-
hancers such as CBT, TBP, BRG-1, legless, Bcl-9, mediator 
or hyrax (Barker 2008).

In non-cancer cells Wnt signaling is tightly controlled 
by its antagonists. They can be divided into two functional 
classes: the secreted frizzled related protein (sFRP) class and 
the dickkopf (DKK) class. Proteins of the sFRP class such as 
sFRP family members, Wnt inhibitor factor-1 (WIF-1) and 
Cerberus bind directly to secreted Wnts and thereby dimin-
ish non-canonical and canonical Wnt signaling. In contrast, 
proteins of the DKK class specifically inhibit canonical Wnt 
signaling by binding to LRP-5/-6 and interfering with the 
formation of the Wnt receptor signaling complex (Kawano 
and Kypta 2003).

In a major part of colon cancers the canonical Wnt/β-
catenin pathway is constitutively active. About 90% of 
colorectal cancers bear mutations in the APC gene, which 
lead to a disruption of the β-catenin destruction complex 
and consequently to a nuclear accumulation of β-catenin. 
Another set of colorectal cancers displays a loss of conserved 
β-catenin phosphorylation sites which results in abolished 
proteasomal degradation. Constitutive Wnt signaling can 
further be potentiated by deregulated and thus overexpressed 
proteins of the Wnt and Fzd family (Vincan and Barker 
2008). Deregulation of Wnt signaling in colon cancer leads 

to aggressive tumor growth and poor prognosis. One of 
the Wnt target genes that directly promotes this increased 
metastatic potential is S100A4 (Stein et al. 2006).

II. S100A4 promotes metastasis formation in many 
types of cancer

S100A4 was firstly discovered in 1989 by Ebralizde et al. who 
found it overexpressed in metastatic cells (Ebralidze et al. 
1989). S100A4 is a 11 kDa small Ca2+-binding protein which 
is encoded in the epidermal differentiation complex located 
on human chromosome 1 (1q21). This region is frequently 
rearranged in human cancers (Fernandez-Fernandez et al. 
2008). Consistently, S100A4 is overexpressed in many dif-
ferent types of cancer such as gallbladder, bladder, breast, 
oesophageal, gastric, pancreatic, hepatocellular, non-small 
lung, and colorectal cancer, and its presence highly correlates 
with the aggressiveness of a tumor (Helfman et al. 2005). 
Furthermore, it was found that S100A4 expression levels 
positively correlate with the chance of a tumor to metastasize. 
S100A4 itself is not necessarily tumorigenic since transgenic 
mice overexpressing S100A4 do not develop tumors per se 
(Ambartsumian et al. 1996). However, when crossed with 
MMTV-neu or GRS/A mice which are characterized by 
forming mammary tumors that rarely metastasize, S100A4 
overexpression leads to highly aggressive primary tumors 
and formation of metastasis (Davies et al. 1996; Ambartsum-
ian et al. 1996). On the other hand, S100A4 null mice injected 
with highly metastatic mouse mammary carcinoma cells dis-
played no metastases (Grum-Schwensen et al. 2005). These 
observations suggest that S100A4 is not simply a marker for 
metastatic disease but rather has a causal role in mediating 
this process. Large efforts have been made in the last years 
to investigate the mechanisms by which S100A4 promotes 
metastasis formation.

S100A4 protein activity is dependent on intracellular Ca2+

S100A4 is one of the currently known 25 members of the S100 
protein family that share high sequential and structural ho-
mology. Their structure consists of two EF hands connected 
by a hinge region (Gingras et al. 2008). EF hands are defined 
by a helix-loop-helix motif and the loop creates a binding 
pocket for one Ca2+-ion. Additionally to the canonical EF 
hand at the C-terminus S100 proteins are characterized by 
their N-terminal pseudo EF hand that comprises a slightly 
elongated loop region. This elongation results in a lower af-
finity to Ca2+ which allows ion binding to occur sequentially 
(Dutta et al. 2002). Ca2+-binding triggers a conformational 
shift which generates two major hydrophobic binding sites 
partly formed by the hinge region (Pathuri et al. 2008). Resi-
dues of this hinge region as well as the lengthy C-terminal tail 
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of S100A4 share almost no sequence homology within the 
S100 protein family. Hence those regions confer specificity 
towards S100A4 protein interaction partners (Vallely et al. 
2002). Several protein binding partners were identified, such 
as proteins of the cytoskeleton, the tumor suppressor pro-
tein p53, the receptor for advanced glycation end products 
(RAGE), and annexin II.

Intracellular S100A4 increases cell motility

S100A4 directly increases cell motility by its interaction with 
proteins of the cytoskeleton. It was found to coaggregate 
with actin filaments in sedimentation assays (Watanabe et 
al. 1993) and to bind non-muscle tropomyosin (Takenaga 
et al. 1994). However, the most prominent binding partner 
of S100A4 is non-muscle myosin II (Chen et al. 2001). 
Myosin II is a chemomechanical protein that participates 
in cell division, cell motility and secretion. S100A4 bind-
ing to myosin II inhibits myosin polymerization and even 
promotes the disassembly of myosin filaments at the leading 
edge of migrating cells. This local enrichment of myosin II 
monomers is needed for the formation of flexible directed 
protrusions as a first step in migration (Li et al. 2003; Li and 
Bresnick 2006).

Besides increasing cell motility and cell polarization 
S100A4 affects cell adhesion by binding to liprin β1. Liprin 
β1 itself interacts with a transmembrane protein tyrosine 
phosphatase called leukocyte common antigen related (LAR) 
which is localized at the end of focal adhesions. It is suggested 
that S100A4 affects LAR function by binding to liprin β1 and 
thus modulates cell adhesion causing a migratory phenotype 
(Kriajevska et al. 2002).

Grigorian et al. firstly discovered the binding of S100A4 
to the tumor suppressor p53 and the modulation of its tran-
scriptional activity. Additionally, binding of S100A4 masks 
several C-terminal PKC phosphorylation sites of p53 (Grigo-
rian et al. 2001). Although the meaning of the phosphoryla-
tion status of p53 is still controversially debated, inhibition of 
PKC phosphorylation can stabilize p53 (Chernov et al. 1998). 
Furthermore, increased p53 levels lead to increased migra-
tion and invasion rates in colon cancer cell lines (Sablina et 
al. 2003). However, the exact role of S100A4 in p53 mediated 
migration still needs to be further elucidated.

Extracellular S100A4 induces metastasis formation and 
angiogenesis

Beside its intracellular interactions, S100A4 is released to the 
extracellular space and initiates metastasis formation and 
angiogenesis. For instance, exogenously added oligomeric 
S100A4 increased cell motility of endothelial cells in vitro 
(Ambartsumian et al. 2001). Injection of recombinant S100A4 
protein increased metastasis formation of a mouse mammary 

adenocarcinoma cell line in vivo when tumor cells were in 
contact with stroma cells. This also implies a role for S100A4 
to enhance intercellular communication. S100A4, when se-
creted by stroma cells, further increased vascularization of the 
tumor (Schmidt-Hansen et al. 2004a). Extracellular S100A4 
activates expression of matrix metalloproteinases (MMPs) 
such as MMP-1, -3, -9 and 13 ( Schmidt-Hansen et al. 2004b; 
Senolt et al. 2006). MMPs cleave proteins of the extracellular 
matrix and thereby enable cell invasion into adjacent tissues. In 
chondrocytes S100A4 induces MMP-13 expression via bind-
ing to RAGE (Yammani et al. 2006). However, extracellular 
S100A4 can also activate expression of MMP-13 independ-
ently of RAGE via NF-κB (Schmidt-Hansen et al. 2004b).

Furthermore, S100A4 also promotes angiogenesis. Extra-
cellular S100A4 dimers form heterotetramers with annexin 
II dimers. This activates the plasminogen activated system 
which stimulates MMPs and together facilitates angiogenesis 
(Semov et al. 2005).

III. Targeting the Wnt/β-catenin pathway to suppress 
S100A4 expression

Concentrating on the regulation of S100A4 expression, we 
identified S100A4 as a target gene of the canonical Wnt/β-
catenin pathway. We compared gene expression profiles of 
the human colon carcinoma cell line HCT116, which carries 
one allele with a gain-of-function mutation of β-catenin 
and a wildtype β-catenin allele, with the derivative cell line 
HAB-92wt, where the mutant β-catenin allele was ablated by 
homologous recombination (Kim et al. 2002). In this experi-
ment we found a massive upregulation of S100A4 in cells 
with mutant β-catenin due to an increased level of nuclear 
β-catenin. The promoter analysis of S100A4 showed a direct 
regulation by the β-catenin/TCF complex. Effects on both 
cell migration and invasion induced by constitutive nuclear 
β-catenin are mediated by S100A4 and were significantly 
reduced upon S100A4 siRNA application. The identification 
of S100A4 as a target gene of the canonical Wnt/β-catenin 
pathway provides the link between two previously uncon-
nected molecular pathways which play important roles in 
tumor progression and metastasis formation in colorectal 
cancer (Stein et al. 2006). This finding constitutes a new basis 
for improved anti-metastatic treatment in colon cancer since 
the Wnt/β-catenin pathway contains several potential sites 
to interfere with active signaling.

Blockage of the Wnt-Fzd-LRP-5/-6 initiation complex

The effect of active β-catenin to transform a tumor towards 
a more aggressive state by activating S100A4 can be blocked 
by interfering with the interaction of Wnt and its receptors. 
Successful inhibition of Wnt-1 signaling was achieved by 
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application of siRNA in human cancer cells in vitro. Treat-
ment of Wnt-1 overexpressing cell lines with Wnt-1 siRNA 
resulted in increased apoptosis. In vivo tumor growth was 
inhibited by application of a specific Wnt-1 antibody (He 
et al. 2004). Wnt-2b is a mediator of the mesenchymal-
epithelial transition needed for secondary tumor forma-
tion. Treatment of xenograft models with a specific Wnt-2b 
antibody also resulted in decreased tumor growth (You et 
al. 2004). These data present the possibility to abort the 
interaction of secreted Wnt proteins with their Fzd recep-
tors in a highly specific manner. Therefore, it is promising 
to investigate whether targeting other proteins of the Wnt 
family could prevent S100A4 induced migration despite of 
inducing apoptosis.

Besides targeting the interaction between Wnt and Fzd 
receptors, inhibiting secretion of Wnts interferes at the very 
beginning of Wnt signaling. Chen et al. recently reported 
on the identification of a group of small molecules they 
defined as inhibitors of Wnt production (IWP). Those 
IWPs all blocked porcupine, an acetyltransferase needed 
for palmitoylation and thus the secretion of Wnts. Interest-
ingly, the blockage of Wnt secretion was effective to abort 
Wnt signaling despite the presence of mutated APC and thus 
constitutive activity of the pathway (Chen et al. 2009). The 
ability of those inhibitors to prevent S100A4 expression in 
human colon cancer and thus S100A4 induced metastasis 
would be a worthwhile investigation.

Disruption of the Wnt-Fzd-LRP-5/-6 signaling initia-
tion complex can also occur by targeting the co-receptors 
LRP-5/-6. For instance, knockdown of LRP-5 expression 
by siRNA in human mesenchymal stem cells resulted 
in a decreased ability of the cells to invade (Neth et al. 
2006). Colony formation, cell migration and invasion 
rates of osteosarcoma cells were reduced when dominant 
negative LRP-5 (dnLRP-5) was stably expressed. DnLRP-
5 competes with endogenous LRP-5 in the Wnt signaling 
initiation complex and thus disrupts Wnt signaling. In vivo 
dnLRP-5 expressing cells reduced the number and size of 
lung metastasis in a spontaneous pulmonary metastasis 
model (Guo et al. 2008). Therefore, dnLRP-5 treatment 
also bears great potential to be applied against S100A4 
induced metastasis.

Abortion of Wnt-Fzd downstream signaling

Wnt signaling is initiated by formation of the Wnts-Fzd-LRP-
5/6 receptor complex. Intracelullar downstream transmis-
sion of the signal is dependent on Dvl proteins. Upon Wnt 
signaling Dvl activates recruitment of Axin to the plasma 
membrane and thereby disrupts the β-catenin destruction 
complex. Dvl proteins are overexpressed in many cancers 
leading to constitutive β-catenin signaling (Mizutani et al. 
2005).

Dvl proteins consist of three functional domains of which 
the central PDZ domain is essential for protein-protein in-
teraction. Via this domain Dvl binds to the intracellular part 
of Fzd receptors. This binding is essential for transmission 
of Wnt signals. Accordingly, deletion of the PDZ domain 
in Dvl protein resulted in a drastic reduction of β-catenin 
target gene expression (Uematsu et al. 2003b). Since the 
structure of the PDZ domain of Dvl is known (Khlebtsova 
et al. 2000), Shan et al. applied computational structure-
based ligand screening to identify potential Dvl inhibitors 
(Shan et al. 2005). Virtual 3D screening revealed the small 
molecule NSC668036 which was validated to bind to the 
PDZ domain of Dvl and further to inhibit Wnt-3a induced 
secondary axis formation.

By creating a chemical library which was applied in a high 
throughput screening, You et al. identified a new small mol-
ecule called FJ9. FJ9 inhibited Dvl induced Wnt activation in 
HEK293 cells which resulted in decreased TCF-dependent 
transcription. Furthermore, FJ9 suppressed tumor growth in 
vivo (You et al. 2008). By large scale screening of peptides that 
can bind to the PDZ domain of Dvl-2, Zhang et al. recently 
published the peptide pen-N3 to inhibit Wnt signaling. Pen-
N3 inhibited Dvl induced β-catenin/TCF reporter signaling 
to comparable extents as FJ9. Pen-N3 was nontoxic at Wnt 
inhibiting concentrations (Zhang et al. 2009).

Targeting Dvl protein with siRNA resulted in growth 
inhibition and reduced colony formation in lung cancer 
cells. However, in colon cancer cells that bear mutated APC 
Dvl siRNA had no effect on cellular growth (Uematsu et al. 
2003a).

Those promising data on blocking Wnt signaling by 
acting on Dvl offer alternative strategies to reduce S100A4 
expression and might thus be applied in anti-metastatic 
treatment.

Stimulation of the destruction complex

Stabilization or reactivation of the β-catenin destruc-
tion complex bears great potential to restrict constitutive 
Wnt/β-catenin signaling. Calcimycin is a Ca2+-ionophor 
that increases intracellular Ca2+ by binding extracellular 
Ca2+ and shuffling it into the cell. Calcimycin was found 
to stimulate β-catenin destruction by activating protein 
kinase C (PKC). Upon increased intracellular Ca2+-levels, 
PKC phosphorylates β-catenin and stimulates proteasomal 
degradation of the latter (Gwak et al. 2006). Calcimycin 
treatment of hematopoetic cells resulted in a decrease of 
S100A4 mRNA level (Grigorian et al. 1994). Combining 
those two findings, calcimycin could be applied against 
S100A4 induced metastasis.

Another strategy to stimulate the β-catenin destruction 
complex is the treatment with dexamethasone. In osteoblasts 
dexamethasone stimulated the upregulation of Axin-2 which 
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is the scaffold protein of the destruction complex (Hayashi et 
al. 2009). Moreover, induced Axin stabilization in colorectal 
cancer cells was recently reported. A panel of small molecules 
was able to block accumulation of free β-catenin that was 
not in complex with E-cadherin by elevating Axin levels 
in the cell. Strikingly, increased Axin levels compensated 
the loss of APC tumor suppressor function (Chen et al. 
2009). The potential of those compounds to reduce S100A4 
induced metastasis formation is a promising approach for 
future research.

RNA interference technology can also be applied to target 
pathway key molecules such as β-catenin. Very recently, an 
interesting in vivo approach using transkingdom(tk)RNAi 
against β-catenin was reported. The application of tkRNAi led to 
reduced β-catenin expression in the mucosa, when delivered to 
the gastrointestinal tract after oral feeding (Silva et al. 2009).

Prevention/Disruption of the β-catenin/TCF complex

Non-steriodal anti-inflammatory drugs (NSAIDs) have been 
repeatedly evaluated as potential Wnt/β-catenin pathway 
therapeutics. Prominent Wnt signaling inhibition by NSAIDs 
was recently investigated in clinical studies (e.g. Meyskens 
et al. 2008; Sporn and Hong 2008; Tuma 2008). Traditional 
NSAIDs include aspirin, sulindac or indomethacin that all 
inhibit cyclooxygenase (COX) activation. Elevated COX 
expression levels in cancer lead to increased prostaglandin 
levels which subsequently activate Wnt signaling. Therefore 
reduction of COX signaling via NSAIDs can reduce Wnt-
signaling and induce β-catenin degradation (Tuynman et 
al. 2008).

For instance, sulindac has been well established as a colon 
cancer chemopreventive agent for many years. It has pleio-
tropic activities as a COX inhibitor and as an inhibitor of 
polyamine biosynthesis. However, it is less known, that sulin-
dac also acts via its inhibition of the nuclear accumulation 
and expression of β-catenin. Sulindac inhibits the nuclear 
accumulation of β-catenin in colon carcinoma cell lines, but 
also in adenomas of patients with familial adenomatous poly-
posis leading to reduced downstream signaling (Orner et al. 
2003; Rice et al. 2003; Boon et al. 2004). Moreover, sulindac 
inhibits β-catenin expression in colorectal cancer cells and 
also in patients with hereditary nonpolyposis colorectal can-
cer and familial adenomatous polyposis (Gardner et al. 2004; 
Koornstra et al. 2005; Han et al. 2008). As a consequence, 
upregulated target genes of β-catenin, like Met and cyclin D1, 
are downregulated following sulindac treatment (Boon et al. 
2004; Dihlmann and von Knebel Doeberitz 2005).

For other molecules such as silibinin, a flavonolignan 
extracted from milk thisthle (Silybum marianum) plant, the 
modulation of the Wnt/β-catenin cascade has been reported. 
The caused decrease of β-catenin expression resulted in 
downregulation of target genes such as cyclin D1 and c-myc 

and inhibited the spontaneous intestinal tumorigenesis in 
APCmin/+ mice (Rajamanickam et al. 2009).

Since the artificial disruption of the β-catenin/TCF com-
plex consequently results in target gene inactivation, many 
efforts have been made to identify small molecule inhibi-
tors that are able to disrupt the β-catenin/TCF interaction. 
By high throughput screening, natural compounds were 
found, e.g. PKF115-584, PKF222-815, and CPG049090, 
that target the binding of β-catenin to TCF. Their cancer 
therapeutic potential has been shown by blocking growth 
of colon cancer cell lines (Lepourcelet et al. 2004; Barker 
and Clevers 2006).

Thus, inhibitors of the β-catenin/TCF complex may also 
offer potential as anti-metastatic agents by interdicting 
S100A4 expression. It might serve as the basis for chemopre-
vention of metastasis formation in individual colon cancer 
patients at high metastatic risk.

Activation of naturally occurring Wnt antagonists

Wnt antagonist expression is repressed in many types of 
cancer mainly due to promoter hypermethylation. Thereby, 
constitutively active Wnt signaling is provoked. For instance, 
the DKK-1 promoter was found to be hypermethylated in 
colon cancer (Aguilera et al. 2006). Furthermore, WIF-1 
promoter hypermethylation frequently occurs in gastroin-
testinal tumors resulting in loss of WIF-1 expression and its 
negative regulation of the Wnt/β-catenin pathway (Taniguchi 
et al. 2005). Decreased expression of phospholipase 2G2A 
(PLA2G2A) was also found in late tumor stages of gastric 
cancer. PLA2G2A is a direct target of the Wnt/β-catenin 
signaling pathway which was recently identified as Wnt 
antagonist. Its expression correlated with the inhibition of 
S100A4 expression and the reduced ability of a tumor to 
metastasize (Ganesan et al. 2008).

Transcriptional reactivation of Wnt antagonist expres-
sion showed promising anti-cancerous results in vitro. For 
transcriptional reactivation methylation inhibitors (MTI) are 
useful drugs and many of them have already shown prom-
ising results in clinical trials. However, MTIs act on DNA 
methyltransferases and thus mainly activate transcription in 
general. To act more specific on the Wnt/β-catenin pathway, 
overexpression of naturally occurring Wnt antagonist rep-
resent an alternative opportunity to reduce β-catenin target 
gene expression and thereby S100A4 induced metastasis 
formation.

Conclusion and future perspectives

Colon cancer is still an unsolved burden mainly due to 
metastasis formation. Therefore, successful therapies need 
to target right at these cellular and molecular processes. 
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The Wnt/β-catenin pathway is constitutively active in al-
most all colon cancers which leads to highly metastasizing 
phenotypes. S100A4 as a target gene of this pathway is one 
of the main promoters of metastasis formation. Strikingly, 
S100A4 was shown to function as a precious biomarker 
for the identification of patients with high risk to develop 
metastases metachronously or who already have developed 
metastases. For those patients the demonstrated interven-
tion strategies provide high potential to improve their 
survival prognosis.

Many approaches were made to identify S100A4 inhibi-
tors that target the interactions of S100A4 with its target pro-
teins. However, the role of S100A4 in metastasis formation is 
manifold. It acts on cellular adhesion to further increase cell 
motility. Furthermore, secreted S100A4 initiates cell inva-
sion and angiogenesis. With all those various actions it still 
needs to be shown that specific inhibition of S100A4 protein 
is sufficient to restrict metastasis formation. Targeting the 
Wnt/β-catenin pathway to inhibit S100A4 gene expression 
bears the huge advantage to generally inhibit all S100A4 
functions at once.

We certainly know of the complexity of this pathway, of 
the various described β-catenin target genes, as well as of 
the lack of strict specificity of the compounds mentioned 
here. The specificity of each Wnt signaling pathway-based 
intervention approach towards downregulation of S100A4 
expression should be evaluated to prevent unwanted effects 
in the tumors as well as in the non-tumor tissues. Thus, 
the evaluation of potential side effects should be balanced 
together with the therapeutic potential with respect to me-
tastasis reduction in preclinical studies.

Moreover, targeting exclusively the Wnt/β-catenin path-
way can be insufficient in some cases, since other signaling 
cascades can also impinge on the expression of S100A4. 
Beside Wnt signaling, for instance, ErbB2 signals can acti-
vate S100A4 expression in medulloblastoma cell lines dur-
ing EMT via the Ras/Raf/Mek/Erk1/2 signaling pathways 
(Hernan et al. 2003). Additionally, more recent studies by 
O’Connor and colleagues identified α6β4 integrin to activate 
S100A4 expression in breast cancer cell lines via NFAT5 
transcription factor (Chen et al. 2009).

Each pathway might be active to a different extent in dis-
tinct types of tumors, and should be therefore differentially 
used as therapeutic target. The role of each transcriptional 
regulation in colon cancer needs to be further evaluated, 
before specific intervention strategies can be designed. The 
decisive impact of the Wnt/β-catenin signaling pathway, 
however, is without any doubt. A major aim of future thera-
pies is the S100A4-based early identification of high risk 
patients for metastasis intervention strategies. Targeting 
the Wnt signaling pathway offers promising approaches for 
the ultimate goal – the reduction or even prevention of the 
S100A4-induced colon cancer metastasis.
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