
NON-THEMATIC REVIEW

S100A4 calcium-binding protein is key player in tumor
progression and metastasis: preclinical and clinical evidence

Shrawan Kumar Mishra & Hifzur Rahman Siddique &

Mohammad Saleem

Published online: 23 November 2011
# Springer Science+Business Media, LLC 2011

Abstract The fatality of cancer is mainly bestowed to the
property of otherwise benign tumor cells to become
malignant and invade surrounding tissues by circumventing
normal tissue barriers through a process called metastasis.
S100A4 which is a member of the S100 family of calcium-
binding proteins has been shown to be able to activate and
integrate pathways both intracellular and extracellular to
generate a phenotypic response characteristic of cancer
metastasis. A large number of studies have shown an
increased expression level of S100A4 in various types of
cancers. However, its implications in cancer metastasis in
terms of whether an increased expression of S100A4 is a
causal factor for metastasis or just another after effect of
several other physiological and molecular changes in the body
resulting from metastasis are not clear. Here we describe the
emerging preclinical and clinical evidences implicating
S100A4 protein, in both its forms (intracellular and extracel-
lular) in the process of tumorigenesis and metastasis in
humans. Based on studies utilizing S100A4 as a metastasis
biomarker and molecular target for therapies such as gene
therapy, we suggest that S100A4 has emerged as a promising
molecule to be tested for anticancer drugs. This review
provides an insight in the (1) molecular mechanisms through
which S100A4 drives the tumorigenesis and metastasis and
(2) developments made in the direction of evaluating
S100A4 as a cancer biomarker and drug target.
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1 S100 protein family

S100 proteins, named based on the observation that they
are soluble in 100% saturated ammonium sulfate, are low
molecular weight (10–12 kDa) acidic proteins that normally
exist as symmetric homodimers stabilized by noncovalent
interactions [1]. There are about 25 members in this family
with each member having its unique features with the
general property of calcium (Ca) binding. S100 proteins
which mostly exist as monomers are composed of two EF-
hand calcium-binding domains (helix–loop–helix motif)
[2]. The N-terminal EF-hand (also known as the S100
hand, pseudo EF-hand, or half EF-hand) encompasses 14
amino acids and coordinates calcium weakly via backbone
carbonyl oxygen atoms, while the C-terminal EF-hand (also
known as the canonical EF-hand) is composed of 12 amino
acid residues and coordinates calcium with a higher affinity
(Kd=2.6 μM) via side chain carboxylate oxygens [3]. For
most S100 proteins, those are capable of binding calcium,
the apo state is known as the inactive, closed conformation,
and the calcium-bound state is known as the active open
conformation. Upon calcium binding, a large conforma-
tional change results in the exposure of a hydrophobic
binding pocket in each monomer, which is capable of
binding to intracellular or extracellular proteins [3–5].This
calcium-dependent conformational change is necessary for
S100 proteins to interact with their protein targets and
generates biological effects [6].

2 Nomenclature, genomic location, structural
organization, and transcriptional regulation of S100A4

S100A4 is known by several aliases such as metastatin (Mts1),
fibroblast-specific protein (FSP1), p9Ka, 18A2, pEL98, 42A,
CAPL, and calvasculin ([6] and references therein). S100A4
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is a polypeptide of 101 amino acids with a molecular mass of
∼11.5 kd [7].The human S100A4 gene is located at position
1q21 on chromosome 1 whereas it is placed at 3f3 and 2q34
position in mouse and rat chromosome, respectively [6]. The
human S100A4 gene contains four exons two of which are
non-coding at 5′ UTR position and may have a role in
transcript regulation [6]. In addition, two splice variants have
also been reported [7]. A study has shown that S100A4
promoter contains an ErbB2 response element [8]. Transcrip-
tion of S100A4 gene is reported to be controlled by both
positive and negative regulatory elements located within the
first intron, which bind several transcription factors including
I-κB [9, 10]. Recent studies have shown that enhancer and
silencer elements of S100A4 gene may be strongly affected
by the methylation, and this status of gene might have an
association with its role in human cancer [11–13].

3 S100A4: protein structure

S100A4 consists of an X-type four-helical bundle (Fig. 1a).
Helices I and IV of each subunit are responsible for the
formation of the dimer interface of S100A4 protein [14].
The amino- and the carboxy-terminal calcium-binding
loops of S100A4 comprise 14 and 12 amino acid residues,
respectively. The amino-terminal EF-hand is built by the
helix I, loop I (N-term calcium-binding loop) and helix II,
while the carboxy-terminal EF-hand is formed by helix III,
loop III (C-term calcium-binding loop) and helix IV
(Fig. 1a). The two EF-hands are connected by a loop II
termed the hinge region. Helix IV is followed by the
carboxy-terminal tail (Fig. 1b) [14]. Dukhanina et al.
demonstrated the presence of two types of hydrophobic
regions in S100A4 protein [15]. One of the hydrophobic
regions is reported to be accessible to probe in the absence
of calcium while the other required calcium for its interaction
with its target protein. This study suggested that S100A4
protein is capable of both calcium-dependent and calcium-
independent interactions with the target molecule [15].

4 Cell- and tissue-specific expression of S100A4 protein

S100A4 protein expression has been shown in human
monocytes, macrophages, and polymorphonuclear granulo-
cytes [16]. Boni R. has reported faint expression levels of
S100A4 in keratinocytes, melanocytes, Langerhans’ cells,
and sweat glands [17]. S100A4 protein was shown to be
present at detectable limits in (a) a subset of cells of the
normal ovary and prostate and (b) tissues such as spleen,
thymus, bone marrow, T lymphocytes, neutrophils, and
macrophages [18–20]. However, detectable levels of
S100A4 protein are very low in the normal tissue of the

pancreas, colon, thyroid, lungs, and kidneys [18]. This
might be possible due to the low detection limits of assays
used to detect this protein. Studies conducted in rats show
that S100A4 protein is expressed in absorptive and kerati-
nized epithelia, in the parietal cells of the stomach, and in a
subset of cells of the immune system, bone marrow, spleen,
and lymph nodes [21]. S100A4 is reported to be highly
expressed in embryonic macrophages and differentiating
mesenchymal tissues during mouse development [22].

5 Role of S100A4 in human diseases

As summarized in Fig. 1c, S100A4 is reported to be involved
in the pathogenicity of several diseases. The role of S100A4
in the pathogenesis of diseases is comprehensively discussed
in recently published articles [23, 24]. S100A4 overexpres-
sion has been reported to be positively correlated with
rheumatoid arthritis, kidney fibrosis, liver fibrosis, peritoneal
fibrosis, corneal dystrophy, neural diseases, and cardiac and
lung disease [23, 24]. In this review, we will present the
accumulated evidences correlating the role of S100A4 in
tumor progression and metastasis.

6 S100A4 in tumor progression and metastasis: clinical
evidences

S100A4 is a highly expressed transcript in growth-stimulated
cultured cells [25] and metastatic tumor cell lines [26].
S100A4 is highly expressed in cells representing morpho-
genic transition from an epithelial to mesenchymal pheno-
type [27]. S100A4 expression levels are reported to be
upregulated during oncogenic transformation [28, 29].
S100A4 protein level has been shown to be elevated in
human cancer patients. Further, testing of biopsy samples
and tumor specimens of human cancer patients has shown
that malignant tissues express greater S100A4 protein level
than adjacent normal tissues [29]. These clinical data are
summarized in Table 1.

A recent study by Wang et al. conducted in gastric
cancer patients showed that the expression of S100A4 in
regions of lymph node and peritoneal metastasis is
significantly higher than in tumor tissues [30].This study
shows that the expression levels of S100A4 messenger
RNA (mRNA) and protein differed significantly among
gastric tumor tissue, matched normal gastric mucosa, lymph
node, and peritoneal metastases among gastric cancer
patients [30]. Yonemura et al. demonstrated that 55% of
gastric cancer patients exhibit elevated S100A4 levels
which were found to be positively associated with high
incidence of metastasis. This study also showed that
patients with low expression of S100A4 have lower number
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of metastatic lesions [31]. Studies conducted in pancreatic
cancer patients show that 51–93% patients exhibit elevated
S100A4 levels [32, 33]. In a study conducted in patients
suffering from pancreatic ductal adenocarcinoma disease,
57 patients out of 61 exhibited elevated S100A4 expression
levels [32]. Similarly, in another study of primary pancreatic
cancer, tumor specimens of 56 (out of 72) tested positive for
S100A4 expression [33].

S100A4 protein levels have been shown to be increased
in colorectal cancer (CCR) in humans [34]. About 57% of

total CCR patients have been found to test positive for
S100A4 expression [34]. Kim et al. reported that 82% of
CCR patients exhibit increased S100A4 mRNA expression
levels [35]. This study suggested that upregulation of
S100A4 is significantly related to invasion, nodal status,
and distal metastasis among CCR patients [35]. Another
study conducted in 195 CCR patients showed that ∼62% of
tumor specimens tested positive for S100A4 protein [36].
This study also showed that S100A4 expression is more
prevalent in patients with CCR of invasive phenotype [36].
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Fig. 1 a Structural domains of S100A4 protein presented in the linear
mode; I, II, III, and IV represent structural domains as explained in the
text. b The ribbon diagram represents the molecular structure of
S100A4 molecular protein. The figure is a slightly modified version of
the original that was adapted from the web site of the protein data
bank which is a public domain (http://www.pdb.org/pdb/results/results.
do?qrid=95038868&tabtoshow=Current). c The role of S100A4 in the

pathogenesis of several human diseases. S100A4 is associated with
several diseases owing to its involvement in fibrotic, inflammatory,
tissue-remodeling, and mesenchymal transition pathway (see text for
details). d Established and potential molecular targets of S100A4
protein. S100A4 is described to mediate its metastatic action via
interaction with several intracellular and extracellular effector molecules
(see text for details)
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S100A4 is reported to be overexpressed in advanced
stage of thyroid carcinoma and associated with the poor
prognosis in human patients [37, 38]. Thyroid carcinoma
patients (62–86%) have shown positive correlation of
S100A4 expression and advancement of disease [37, 38].
Moriyama et al. investigated the status of S100A4 in the
pathogenesis of oral squamous cell carcinoma (SCC) [39].
This study involved the evaluation of clinical specimen for
41 SCC patients [39]. S100A4 expression was found to be
increased in 27% of cases. This study also established a
significant positive correlation between the increased
S100A4 expression, the rate of invasion (p<0.0001), and
lymph node metastasis (p value, <0.01) in SCC patients
[39]. Chen et al. reported that an upregulated S100A4
expression in non-small cell lung cancer (NSCLC) is
positively related to tumor size, lymphatic metastasis, and
TNM stage, suggesting an important role of this protein in
development and metastasis of NSCLC [40]. Studies
conducted by Qi Rx et al. [41] and Kimura et al.[42] in
250 lung cancer patients showed a positive correlation
between S100A4 expression and metastasis in 60% of lung
cancer patients [41, 42].

Recent studies have shown that S100A4 protein levels
are elevated in prostate cancer patients [13, 43]. Gupta et al.
have shown that S100A4 protein levels increase with the
progressive stages of prostate cancer in humans [43].
S100A4 levels were reported to be high in prostate cancer
patients with higher Gleason score [43]. S100A4 expression
was detected in both epithelial and stromal cells in prostatic
tissue [43]. In contrast, Rehman et al. showed that S100A4
is predominantly detected in stromal cells of prostate cancer
patients [13]. However, the detection of S100A4 in prostate
epithelial cells is debatable. Studies from our lab show that
moderate S100A4 levels are present in DU-145 and PC-3

prostate cancer cell lines; however, LNCAP cells test
negative for S100A4 expression (unpublished data, Saleem’s
Lab). Recently, Bandiera et al. reported an overexpression of
S100A4 protein in the peritumoral infiltrate of primary renal
cell carcinoma in human patients [44]. The association of
S100A4 expression and breast cancer progression is also
reported in several studies [45–47]. These studies showed a
positive correlation between S100A4 level and metastasis in
45–65% of breast cancer patients [45–47].

7 S100A4 in animal models of tumor and metastasis

Although the clinical correlation between S100A4 expres-
sion and tumor metastasis is more conclusive, some of the
early indications of their plausible association came from
some excellent studies conducted in experimental animal
models. Transgenic mice which overexpress S100A4 in the
mammary epithelium are phenotypically indistinguishable
from wild-type mice and exhibit increasing metastasis [48].
MMTV-neu and GRS/A animals are characterized by a
high incidence of mammary tumors that rarely metastasize;
however, overexpression of S100A4 in the mammary
epithelium of these animals has been shown to cause more
invasive primary tumors which metastasize to the lungs [48,
49]. The association between S100A4 and metastasis is
further supported by knockdown experiments where inhi-
bition of S100A4 (by antisense or anti-ribozyme) sup-
pressed the metastatic potential of tumor cells in animal
models of lung carcinoma and osteosarcoma [50, 51]. We
previously showed that expression of S100A4 at mRNA
and protein levels is increased with the progression of age
and prostate cancer growth in TRAMP mice, an autochtho-
nous mouse model of human prostate cancer [52]. Studies
conducted in our laboratory showed that heterozygous
deletion in S100A4 gene causes a decrease in tumor
development and metastatic progression in TRAMP mice
(unpublished data, Saleem Lab). Taken together, these
observations establish a positive association of S100A4
with the phenomenon of metastasis as well as development
of tumor.

8 Association of S100A4 with survival of human cancer
patients

Some of the earliest examples of S100A4 association with
survival rate in cancer patients were reported in breast cancer
patients [53, 54]. Rudland et al. [53] reported a significant
difference in the 19-year survival rate for patients with
invasive but operable stage I and stage II breast cancer
depending on the S100A4 status of their tumors. The median
survival of the S100A4-negative group was 228 months

Table 1 Correlation of S100A4 expression and different cancer types
in humans

Disease Percentage of patients
exhibiting positive correlation
of S100A4 with disease

References

Gastric cancer 55–82 [30, 31]

Pancreatic cancer 51–93 [32, 33]

Colorectal cancer 56–83 [34–36]

Thyroid cancer 62–86 [37, 38]

Breast cancer 45–65 [45–47]

Squamous cell
carcinoma

27 [39]

Non-small cell
lung cancer

71 [40]

Prostate cancer 76 [43]

Lung cancer 55–60 [41, 42]

Renal cell carcinoma 34 [44]
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compared to 47 months for the S100A4-positive group [53].
In another study, Lee et al. [54] reported S100A4 expression
as an indicator of poor prognosis in T1-N0M0 breast cancer.
This study showed that S100A4 expression could be an
early indicator of metastatic progression in breast cancer
patients [54]. Ikenaga et al. [33] have recently recorded
low survival rate in pancreatic ductal carcinoma patients
with high S100A4 expression levels in comparison to
those with low expression of S100A4 (p value=0.023).
The median survival time of the patients with high and
low S100A4 expressions was reported to be 12 and
23 months, respectively [33]. Another study reported that
S100A4 expression along with lymph node and distant
metastases, tumor node metastasis (TNM) stage, acts as an
independent prognostic factor in gastric cancer patients
[31]. In this study, a 5-year survival rate was reported in
gastric cancer patients, and high S100A4 levels were
significantly correlated with low incidence of survival
(p value, <0.05). The role of S100A4 in the outcome of
therapy and survival of cancer patients is further strength-
ened by a clinical study conducted in humans suffering
from renal cancer [44]. In this study, a survival rate of
5 years was reported in renal carcinoma patients, and the
survival rate was found to have positive correlation with
S100A4 levels [44].

9 S100A4: molecular mechanism

Studies to determine the mechanistic basis for S100A4
function have shown a potential role for S100A4 in cell
motility, invasion, and apoptosis [29, 55]. S100A4
protein has been reported to interact with multiple
molecular targets (Fig. 1d) which are known to play a
role in various metabolic and regeneration pathways in
cells. S100A4 has no known enzymatic activity; however,
its interactions with other proteins, both intracellularly and
extracellularly, have been shown to be functionally critical
[56]. Several proteins have been identified as target for
S100A4 protein. These includes liprin β1 [57], methio-
nine aminopeptidase [58], and the p53 tumor suppressor
protein [59]. S100A4 is also known to interact with
proteins involved in cytoskeletal rearrangement and cell
motility such as F-actin, tropomyosin, and the heavy chain
of nonmuscle myosin II [55, 60, 61]. The interaction of
S100A4 with most of the target proteins is found to be
calcium dependent [55, 57–61]. However, several of the
other molecular targets of S100A4 are known to follow an
alternate path for their activities and in a calcium-independent
manner, thus facilitating multiple ways of regulating the
process of metastasis. Here, we discuss major binding partners
of S100A4 which are known to play a key role in tumor
progression and metastasis.

9.1 Binding with nonmuscle myosin-IIA protein

S100A4 is reported to bind nonmuscle myosin-IIA, inhibit the
assembly of myosin-IIA monomers into filaments, and
promote the disassembly of pre-existing myosin-IIA filaments
[62].The S100A4 binding site on nonmuscle myosin-IIA has
been shown to map between 1909 and 1924 in the C-
terminal end of the myosin-IIA heavy chain [63, 64].
Although the S100A4 binding site overlaps a PKC phos-
phorylation site at Ser-1917 on myosin-IIA, the binding
process is shown to be not affected by PKC phosphorylation
[64]. However, phosphorylation on the CK2 site at Ser-1944,
which is located downstream of the S100A4 binding site in
the tail piece of myosin-IIA, is reported to inhibit its capacity
to bind with S100A4 [65]. These findings demonstrate that
heavy chain phosphorylation at the CK2 site of myosin-IIA
provides (in addition to calcium binding) another regulatory
mechanism for the S100A4-myosin-IIA interaction [65]. Li
ZH demonstrated that S100A4 modulates cellular motility by
affecting cell polarization during chemotaxis [62].S100A4-
overexpressing cells have been shown to display side
protrusions and extensive forward protrusions during chemo-
taxis as compared with cells that do not express S100A4 [62].

9.2 Interaction with p53

The tumor suppressor protein p53 has been identified as a
target for the S100A4 protein [59]. S100A4 is reported to bind
to the extreme end of the C-terminal regulatory domain of
p53 in vitro and inhibit phosphorylation of the C-terminal
peptide of p53 [59]. Activation of S100A4 in cell lines
expressing wild-type p53 has been shown to modulate
transcription of p53 target genes including p21/WAF, Bax,
thrombospondin-1, and Mdm-2[6]. S100A4 through interac-
tion with p53 is reported to induce apoptotic cell death in
tumor cells harboring wt p53, thus contributing to selection of
cells with mutated TP53 [59]. In contrast, a recent report by
Berge et al. suggested that experimental up- or down-
regulation of S100A4 exerted no effect on p53 protein
expression and did not influence the stabilization of p53 [66].

9.3 Interaction with cytoskeletal proteins

The perturbation in normal cell motility and cytoskeletal
arrangement is an important event in the development of
metastasis. There are reports which suggest that S100A4
interacts with cytoskeletal elements such as actin, tubulin, and
nonmuscle tropomyosin thus establishing a direct role of
S100A4 in regulating cell motility and cytoskeletal rearrange-
ment [67–69]. Although the interaction of S100A4 and
cytoskeletal proteins is well established, the calcium depen-
dency of this interaction is strongly debated. While some
studies [67–69] support these interactions to be calcium
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dependent (due to the calcium-dependent nature of S100A4),
other reports contradict this notion and show calcium-
independent interaction of S100A4 with cytoskeletal protein
[70, 71]. More importantly, it has been documented that
S100A4 has the potential to interact with other members of
the S100 family [56]. S100A4 has been shown to form
heterodimers with S100A1 [70]. Studies have shown that the
interaction between S100A4 and S100A1 proteins reduces
motility and metastatic ability of S100A4 transformed cells
[71]. However, the mechanism by which interaction of these
two S100 proteins reduces metastatic potential is not yet clear.

9.4 Extracellular S100A4: role in degradation
of extracellular matrix and metastasis

S100A4 has been shown to exhibit its prometastatic role via
affecting angiogenesis, cytoskeletal integrity, matrix metal-
loproteinases (MMPs), tumor-related transcription factors,
and stromal factors [72, 73]. Angiogenesis is a crucial step
for cancer progression, because it supplies the proliferating
tumor cells with necessary nutrients and oxygen and at the
same time provides an escape route for invading tumor cells
[74]. MMPs promote metastasis both by degradation of
extracellular matrix (ECM) and by liberating factors that
promote and maintain the angiogenic character. Studies
from our laboratory and others have shown that metastatic
function of S100A4 is associated with its ability to
upregulate the expression of several MMPs [72, 75]. We
previously reported that S100A4 gene suppression signif-
icantly decreased the expression of MMP-9 and that
overexpression of the S100A4 gene significantly increased
MMP-9 expression [72]. We have also shown that
suppression of the S100A4 gene caused a decrease in the
proteolytic activity of MMP-9 protein, whereas overexpres-
sion of S100A4 caused a reverse effect [72]. Furthermore, a
recent study has indicated tissue inhibitor metalloproteinase
(TIMP) expression in the cells to be driven by the
expression of MMP, and overall, the balance between their
activities determines their net proteolytic activity [74]. We
observed that S100A4 gene suppression decreased, and its
overexpression increased, the expression of TIMP-1 in
prostate cancer cells [72]. These observations lead us to
conclude that S100A4 gene influences the ratio of MMP-9
to TIMP-1, leading to ECM degradation [72].

There is accumulating evidence that S100 proteins have
extracellular functions; however, their mechanism of
secretion remains unknown. S100A4 does not have any of
the known signal sequences to target it for secretion
through a classic vesicle transport pathway. Instead, it is
hypothesized that S100A4 is released from the cell through
an atypical pathway [56]. S100A4 is reported to be present
in the stromal region of the human prostatic tissue [43]. We
observed that S100A4 is a secretary protein present in

extracellular secretion of prostatic cell lines (unpublished
data, Saleem Lab).

Although extracellular S100A4 is increasingly recognized
as a key player in metastasis, the question is still not very clear
about which cell types are key producers of extracellular
S100A4 and the exact nature of signal transduction events
during the process of release of S100A4. It is also quite likely
that S100A4 promotes metastatic progression by influencing
both stromal and tumor cells, and the mere presence of
S100A4 in tumor microenvironment may be a prerequisite
factor instead of its specific release from any particular cell
type [56]. It has been suggested that the receptor for
advanced glycation endproducts (RAGE) may act as a
putative receptor for several S100 proteins [76, 77] including
S100A4. RAGE has been described to play an important role
in the pathogenesis of many diseases such as diabetes,
rheumatoid arthritis, alzheimer’s, neuronal degeneration, and
also in cancer. Upregulation of RAGE is shown to be
associated with many of these disease conditions. Soluble
peptide of RAGE hence may block intracellular translocation
of S100A4, S100A12, S100A13, and S100B in endothelial
cells. Logsdon et al. [78] suggested that RAGE ligands were
secreted by cancer cells into their microenvironment, and
these in turn might act in an autocrine fashion to induce cell
proliferation, invasion, and subsequently metastasis. Further,
they also suggested that RAGE ligands could also influence
other cell types such as fibroblast, leukocytes, and endothelial
cells in the tumor microenvironment to promote angiogenesis
by enhancing the production of matrix-degrading enzymes by
tumors and/or endothelial cells.

Conclusively, extracellular S100A4 targets tumor or
stromal cells by binding to receptors and triggering a signal
transduction cascade and/or perhaps by internalization fol-
lowed by interaction with the intracellular target proteins. As a
result, tumor cells acquire a more metastatic phenotype with
altered cell adhesion, motility, high proteolytic activity, and
increased survival potential.

10 S100A4: a potential target for cancer therapy

Efforts utilizing S100A4 as a target for anticancer therapy
mainly focused on inhibiting/suppressing S100A4 expression.
The methods tested include siRNA-mediated gene silencing
[79], ribozyme-driven S100A4 downregulation[50], expos-
ing tumor cells to hyperthermic condition [80], and
epigenetic silencing using altered methylation of S100A4
[81]. Maelendesmo et al. were successful in suppressing
S100A4 protein level by specifically directing hammerhead
ribozymes against S100A4 mRNA [50]. When injected into
mice, the S100A4 ribozyme reduces metastasis significantly
[50]. A study by Basile et al. showed that S100A4
expression level was reduced by hyperthermia [80]. A recent
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study shows that methyl transferase inhibitors (5′-aza-2′-
deoxycytidine) do alter S100A4 expression in leukemia cells
by altering methylation status of S100A4, thus decreasing
metastatic potency of the cells [81].

We recently showed that targeted inhibition of S100A4 by
adopting gene therapy approach resulted in the reduction in
the invasive potential and tumorigenic potential of prostate
cancer cells [72]. Our institute has embarked upon a broad
program aimed to evaluate the potential and usefulness of
S100A4 as a molecular target for human diseases. We
developed specific S100A4 small molecule inhibitors and
tested these under in vitro and in vivo conditions (unpub-
lished data, Saleem Lab). Small molecule inhibitors of
S100A4 were observed to inhibit the tumorigenic and
metastatic potential of prostate, pancreatic, and skin cancer
cells in vitro and in relevant animal models (unpublished
studies, Saleem Lab). Taken together, these studies show that
S100A4 has the potential of developing as an anticancer
drug target, and molecules efficiently targeting its expression
may act as future anticancer drugs.

11 Future perspective

The substantial number of experiments carried in the last two
decades has established S100A4 to be a key player in cancer
metastasis. The evidences have been generated which indicate
the important role of S100A4 in the crucial steps of the
metastatic cascade including migration, invasiveness, and
angiogenesis. Although several targets of S100A4 are
described both intracellularly as well as extracellularly, it
remains to be determined how these interactions affect the
function of the binding partners and whether these inter-
actions are indeed relevant to the metastatic phenotype. A
more thorough identification and characterization of the
molecular mechanisms by which S100A4 regulates its
effectors will provide the biochemical foundation for
understanding the contribution of S100A4 to normal and
metastatic processes and will provide important new insights
into the molecular basis for the invasive behavior of tumor
cells. We firmly believe this greater understanding will ideally
lead to the use of S100A4 as not only a diagnostic and
prognostic marker but also as a target for therapeutic design.
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