
Summary. Fibroblast growth factor receptors (FGFRs),
encoded by four genes (FGFR1, FGFR2, FGFR3, and
FGFR4) are tightly associated with many biological
processes such as organ development, cell proliferation
and migration. Studies over the past decades have
validated the pivotal roles FGFRs play in tumorigenesis
due to the regulation of diverse tumorigenesis-related
processes, including cell survival, proliferation,
inflammation, metastasis and angiogenesis. Interestingly,
FGFR mutations in somatic cells leading to
tumorigenesis and those in germ cells leading to
developmental disorders are identical, suggesting that
FGFR mutations result in different diseases due to their
spatio-temporal expression. Thus, discoveries in
developmental biology may also be applicable to cancer.
FGFRs regulate the expression and/or the activity of a
myriad of molecules (e.g. matrix metalloproteinases
(MMPs) and Snail) that are tightly linked to
tumorigenesis by four main signaling pathways (RAS-
MAPK, PI3K-AKT, PLCγ-PIP2, and STAT), as well as
other minor branches. Epigenetic and genetic alteration
of FGFR genes, including DNA methylation, histone
remodeling, microRNA regulation, single nucleotide
polymorphisms (SNPs), gene missense mutations,
amplification, and fusion of FGFRs with other genes,
which result in gain or loss of FGFR function, have been
identified in many types of cancer. In this review, we

focus in particular on recent advances in the relationship
between FGFR disorders and tumorigenesis. 
Key words: Fibroblast growth factor receptor, Genetic
and epigenetic alterations, Signaling, Tumorigenesis

Introduction

Fibroblast growth factor receptors (FGFRs) belong
to a family of receptor tyrosine kinases (RTKs)
(Eswarakumar et al., 2005). They are considered to
function primarily through binding to their ligands
(fibroblast growth factors (FGFs)) followed by
activation of downstream signaling pathways. FGFRs
were shown in early studies to be responsible for a
variety of biological processes such as embryonic
development and metabolic processing (Belov and
Mohammadi, 2013). Later studies have demonstrated
that FGFR signaling also regulates cell proliferation,
differentiation, migration, angiogenesis, and its
aberration is tightly related to tumorigenesis (Hart et al.,
2001; Taeger et al., 2011; Lee and Secord, 2014).
Notably, FGFRs have been demonstrated to exert their
effects in a context-dependent manner with different
roles in different tumor types (Kelleher et al., 2013). 

To date, 22 FGF ligand genes have been identified in
humans, encoding 18 biologically active FGF ligands
(FGF1-FGF10, FGF16-FGF23) and 4 FGF homologous
factors (FGF11-FGF14) which are incapable of
activating FGFRs. Of note, there is no human FGF15:
the so called FGF15 is actually the mouse ortholog of
human FGF19 (Kelleher et al., 2013). As FGF15 and
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FGF19 share their functions, they are often described as
FGF15/19 (Fukumoto, 2008). The FGFR family mainly
consists of four members, FGFR1, FGFR2, FGFR3, and
FGFR4, which all bind to specific ligands. A fifth
member of the FGFR family, fibroblast growth factor
receptor like 1 (FGFRL1), has also been identified, but
there is relatively poor understanding of its function at
present (Wiedemann and Trueb, 2000; Amann and
Trueb, 2013). 

The four FGFRs (FGFR1-FGFR4) share a common
three-dimensional structure consisting of three
extracellular immunoglobulin (Ig)-like domains (D1-
D3), a hydrophobic transmembrane domain and a split
intracellular tyrosine kinase domain. FGFs interact with
the D2 and D3 domains, with the D3 interactions
primarily responsible for ligand-binding specificity. The
scaffold proteins heparan sulfate proteoglycans (HSPGs)
and the Klotho family member co-receptors have also
been reported to be associated with the binding affinity
of FGFs to FGFRs in a spatio-temporal manner (Brown
et al., 1995, Clasper et al., 1999). A short stretch of
acidic amino acids located between the D1 and D2
domains exerts an auto-inhibitory effect by interacting
with the heparan sulfate binding site, resulting in
inhibition of receptor activation in the absence of FGFs
(Kalinina et al., 2012). In addition, the ligand specificity
of FGFR1, FGFR2 and FGFR3 is partially determined
by alternative splicing within the C-terminal half of the
third immunoglobulin (Ig) loop of the extracellular FGF
binding domain. This alternative splicing creates a III b
isoform (in which exon 8 is used) that is preferentially
expressed in epithelial cells, and a III c isoform (in
which exon 9 is used) that is preferentially expressed in
mesenchymal cells. The III b isoform preferentially
binds secreted FGF ligands from adjacent mesenchyme,
while the III c isoform usually binds ligands secreted by
adjacent epithelium (Kelleher et al., 2013). This
probably ensures communication between adjacent
epithelium and mesenchyme under normal
circumstances but promotes epithelial-mesenchymal
transition (EMT) or mesenchymal-epithelial transition
(MET) when the regulation is aberrantly altered. It has
been recently reported that a tumor-specific isoform
switch of FGFR2 underlies the mesenchymal and
malignant phenotypes of clear cell renal cell carcinomas
(Zhao et al., 2013), suggesting targeting isoform
switching may be an effective strategy in preventing
malignant tumors. FGFRL1, the most recently
discovered member of the FGFR family, resembles the
classical FGFRs in three extracellular Ig-like domains,
but lacks the protein tyrosine kinase domain and instead
contains a short intracellular tail with a particular
histidine-rich motif (residue 478-residue 504:
IHTHTHTHSHTHSHVEGKVHQHIHYQC). FGFRL1
binds to FGF ligands and heparin with high affinity and
exerts a negative effect on cell proliferation, but a
positive effect on cell differentiation (Wiedemann and
Trueb, 2000; Trueb, 2011).

Aberrant FGFR signaling is involved in a variety of

developmental syndromes, particularly those related to
skeletal disorder (Kelleher et al., 2013). However, it has
been known for some time that aberrant FGF signaling,
resulting from epigenetic changes, gene mutations,
amplifications, and fusion with other genes, is involved
in various processes during the initiation and progression
of many types of cancers. For example, in 1994, FGFR
gene expression and immunoreactivity were found to be
elevated in human glioblastoma multiforme, suggesting
potential links of FGFRs with tumorigenesis (Morrison
et al., 1994). Inhibition of FGFRs has also been
indicated as an effective method to suppress
tumorigenesis under certain circumstances. For example,
in a recent work from our own laboratories, it was found
that repression of FGFR4, through either FGFR4 siRNA
or a dominant negative form in colorectal cancer cells
co-cultured with tumor-associated fibroblasts (TAFs),
significantly blocked the motility of these cells
accompanied with a reversion to a more compact
epithelium-like morphology. Further experiments in a
mouse metastasis model showed that inhibition of
FGFR4-associated pathways led to a markedly decreased
number of liver metastatic nodules and prolonged
survival time (Liu et al., 2013).
The main tumor-regulating mechanisms of FGFRs

FGFR-activated signaling pathways

Following binding by FGFs, FGFRs dimerize and
thereby initiate intermolecular transphosphorylation at
several tyrosine residues in the COOH terminal tail
kinase domains, and juxtamembrane region, changing
the protein from an inactive to an active form (Fig. 1).
The activated tyrosine kinase domain then
phosphorylates FGFR substrate 2 (FRS2) through which
growth factor receptor-bound 2 (GRB2) adaptor
molecules are recruited, resulting in the activation of
RAS and the downstream mitogen-activated protein
kinase (MAPK) pathway, namely, the RAS/RAF/
MEK/MAPK signaling pathway. Consequently, a series
of downstream signal molecules are activated and a
number of cellular processes, such as differentiation,
proliferation, survival, inflammation, and angiogenesis
are initiated. Similarly, GRB2 activates phosphoinositide
3-kinase (PI3K)/AKT-dependent signaling, which plays
an important role in tumorigenesis as it controls cell
survival, apoptosis, migration, angiogenesis, glucose
metabolism (Taniguchi et al., 2006), and especially
mediates anti-apoptotic signals (Dey et al., 2010).
Independently, phospholipase C-γ (PLC-γ) has been
shown to bind to a phosphotyrosine at the COOH tail
and then hydrolyze phosphatidylinositol 4, 5-
bisphosphate (PIP2) into inositol 1,4,5-trisphosphate
(IP3) and diacylglycerol (DAG), thus controlling a Ca2+
releasing cascade and activating protein kinase C (PKC)
which converges with the MAPK pathway (Dieci et al.,
2013). In this review we will define these signaling
cascades as the PLCγ/PIP2/IP3-Ca2+ and PLCγ/PIP2/
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DAG-PKC pathways. FGFRs are also responsible for the
activation of signal transducer and activator of
transcription (STAT) through Janus kinase (JAK),
probably by directly phosphorylating JAK (Deo et al.,
2002; Li et al., 2010). Additionally, the phosphorylated
Tyr 677 of FGFR has been identified as a binding site
for STAT3 and is responsible for the phosphorylation of
Tyr residues of STAT3 (Dudka et al., 2010). As a direct
interaction between FGFR2 and STAT5 has been
identified in breast cancer cells, FGFRs may also
directly bind STAT (Cerliani et al., 2011). We will refer
to the interaction between FGFRs and STAT as the
FGFR/JAK/STAT signaling pathway. 

The balance of FGFR signaling is critical for normal
cell function, and to date two mechanisms have been
shown to govern negative feedback responses. On the
one hand, FGFRs are internalized and then degraded or
recycled following ubiquitination. On the other, negative
regulators, including MAPK phosphatase 3 (MKP-3),
Sprouty (Spry) proteins, and “similar expression to
FGF” (SEF) family members are induced, which then
attenuate the activities of FGFRs (Turner and Grose
2010; Fearon et al., 2013). 

Translocation into the nucleus

Besides directly activating downstream signaling
pathways, FGFRs have also been shown to be
translocated into the nucleus and then execute their
functions in that location (Fig. 2). There is, however,
relatively little knowledge of the mechanism underlying
this.

Different forms of FGFRs may have different
cellular locations. The 110-kDa form of FGFR3, which
lacks half of the final immunoglobulin-like domain and
the transmembrane domain, is predominantly detected in
the nucleus, whereas the intact 135-kDa form has only
occasionally been reported at the same location in breast
epithelial cells (Johnston et al., 1995). Similarly, the
52kD form of the FGFR1 molecule localizes to the
nucleus following cleavage of its transmembrane domain
by Granzyme B in the intracellular region of breast
cancer cells (Chioni and Grose, 2012), raising the
possibility that in some cases a similar mechanism may
apply to other FGFRs.

Nuclear-localized FGFRs can be derived from the
cell membrane following stimulation by FGFs. For

15
FGFRs and tumor initiation and progression

Fig. 1. FGFR structure and signaling. The typical
structure of a FGFR comprises three extracellular
immunoglobulin (Ig)-l ike domains (D1-D3), a
hydrophobic transmembrane domain, and a split
intracellular tyrosine kinase domain, with the scaffold
proteins heparan sulfate proteoglycans (HSPGs)
binding to its extracellular domain temporally and
spatially. Several signaling pathways can be activated
following FGFR activation.



example, a study has reported that in Swiss 3T3
fibroblasts translocation of FGFR1 into the nucleus
requires stimulation by FGF2, while another study
demonstrated that only the FGFR1α isoform can be
translocated into the nucleus after binding FGF1 (Maher
1996; Prudovsky et al., 1996). Interestingly, there is also
a report that non-cell membrane derived FGFR1, in both
intact and truncated forms, can localize to the nuclear
membrane (Kilkenny and Hill, 1996; Myers et al., 2003). 

The mechanism by which FGFRs move into the
nucleus remains controversial. However, some
molecules such as importin β have been shown to be at
least partly responsible for this process (Reilly and
Maher, 2001). Intriguingly, classical NLS-mediated
nuclear import has not been found to be involved in this
process, suggesting that the mechanism underlying the
translocation of FGFRs is distinct.

Nuclear FGFRs may regulate biological processes in
several ways. The most prominent mechanism is their
ability to maintain their tyrosine kinase activity either by
autophosphorylation or binding to FGFs (Stachowiak et
al., 1996). As a result, they may then phosphorylate
other molecules such as transcription factors, converting
their inactive states to active ones and vice versa.
Nuclear FGFRs can function as transcription factors in
their own right. For example, FGFR1 is able to
transactivate the angiotensin II-responsive element in the
FGF2 promoter and initiate the transcription of fgf2

(Peng et al., 2001). FGFRs may also act as mediators of
transcription factor complexes. It has been reported that
FGFR1 can bind to RSK1 and dissociate the inactive
CBP-RSK1 complex, while it can also bind to CBP and
augment CBP-mediated transcription in a process that
involves recruitment of RNA pol II and histone
acetylation at the core promoter region of an endogenous
gene (Fang et al., 2005). 

Nuclear translocation of FGFRs has been reported to
be associated with tumorigenesis in diverse cancers. For
example, an increase in nuclear localization
accompanied by a loss of the cytoplasmic distribution of
FGFR3 was observed in malignant breast epithelial cells
(Zammit et al., 2001). Also, a marked increase in nuclear
colocalization of FGFR1, 2, and 4 was observed in glial
progenitor cells exposed to the carcinogen methyl-
nitrosourea (Kokkinakis et al., 2004). Recently, nuclear
translocation of FGFR1 and FGF2 in pancreatic stellate
cells has been shown to facilitate pancreatic cancer cell
invasion, and blocking this nuclear translocation process
in the pancreatic stellate cells significantly inhibits this
process (Coleman et al., 2014). The association between
FGFRs and tumorigenesis may result from gene
regulation by FGFRs. For example, FGFR1 is
translocated into the nucleus in breast cancer cells where
it up-regulates the expression of a cluster of pro-
migration genes, such as KRTAP5-6，SFN，PRSS27,
and suppresses the expression of anti-migration genes
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Fig. 2. Nuclear localization and function of
FGFR forms. Both intact and truncated FGFRs,
derived from cell membrane or cytoplasm, can
translocate into the nucleus with the help of
importin-β or as yet undetermined proteins, and
can act as either binding proteins or kinases to
activate diverse transcription factors, leading to
transcription of a spectrum of tumor-related
genes.



such as GRINA and EBI3 (Johnston et al., 1995).
The effects of FGFRs on different phases of cancer

FGFRs exert a number of effects on cancer cells, as
they function through several distinct signaling pathways
and their expression patterns are variable in different
phases of cancer. Here, we discuss how FGFRs affect
different phases of cancer, including enhanced cell
proliferation, cell survival, cancer-related inflammation,
EMT, metastasis, and angiogenesis. Additionally, a
compensatory interaction between FGFRs and cancer-
related cell adhesion molecules is also discussed (Fig. 3).
FGFR and cancer cell proliferation 

Uncontrolled proliferation is one of the predominant
characteristics of cancer cells (Hanahan and Weinberg,
2011), and understanding the mechanism underlying this
is of great importance. FGFRs have been demonstrated
to regulate cancer cell proliferation in both a positive
and negative manner, which suggests that FGFRs have a
“Janus effect” under different circumstances. 

Pro-proliferation effect of FGFRs
Early in the 1990s it was found that an androgen-

induced FGF-like factor acted as an autocrine growth
factor via the FGF receptor during the proliferation of
SC-3 cells, and anti-basic FGF antibody inhibited both
the basic FGF-induced and androgen-induced growth of

SC-3 cells (Nonomura et al.. 1990). This provided some
of the earliest evidence for the pro-proliferation
properties of FGFRs. Later, inhibition of the expression
of FGFR1 by antisense oligodeoxynucleotides or cDNA
was found to correlate with inhibition of proliferation
and resulted in signs of differentiation in human
melanocytes, malignant melanomas, and other cancer
cell lines (Becker et al., 1992; Wang and Becker 1997;
Yamada et al., 1999), thus providing further evidence for
the potential pro-proliferation role of FGFR1 in cancers.
Induction of FGFR1 expression in cancer cell lines also
confirmed this effect of FGFR1 (Freeman et al., 2003). 

Although the majority of studies have indicated that
FGFR2 is associated with a lowering of cell proliferation
in various cancers, aberrant expression of FGFR2 can
also contribute to the proliferation of some malignant
cancers (Nakamura et al., 2006; Zhang et al., 2009;
Yashiro et al., 2010; Chen et al., 2012). It was
demonstrated that amplified FGFR2 in gastric cancer
cells controls the proliferation of cancer cells through
interaction with the EGFR signaling pathway (Kunii et
al., 2008). The isoform III c of FGFR2 is also capable of
giving rise to the proliferation of pancreatic ductal
adenocarcinoma (PDAC) cells (Ishiwata et al., 2012).
FGFR3, another member of the FGFR family, has also
been indicated to be an oncogenic factor (Plowright et
al., 2000; Gomez-Roman et al., 2005; Gorbenko et al.,
2009; Miyake et al., 2010; Du et al., 2012). Of note, only
the III c isoform has been demonstrated to potentiate
tumorigenesis in a subgroup of advanced colorectal
cancers and cell lines (Sonvilla et al., 2010), while the
III b isoform was found to be the dominant form of
FGFR3 in multiple bladder cancer cell lines (Tomlinson
et al., 2005), suggesting a different preference for
FGFR3 isoforms in different kinds of cancers.

Early in 1996, it was revealed that transfection of
FGFR4 and induction with acidic FGF in human
osteosarcoma U2OS Dr1 cells, which originally lack
detectable FGFRs, lead to elevated FGFR4 expression
and activation and significantly promoted cell
proliferation (Wiedlocha et al., 1996). Later studies
further validated the correlation between FGFR4 and
tumorigenesis in other cancers, such as prostate cancer,
alveolar rhabdomyosarcoma (ARMS), ovarian cancer
and colorectal cancer (Qian et al., 2004; Wang et al.,
2008; Marshall et al., 2012; Pelaez-Garcia et al., 2013;
Zaid et al., 2013). High FGFR4 expression was also
observed to correlate with lower survival rate and poor
prognosis for gastric cancer (GC) patients, probably due
to its negative effect on cancer cell apoptosis as was
demonstrated in the MKN45 and SGC7901 GC cell lines
(Ye et al., 2011). 

Inhibitory effect of FGFRs
Although multiple discoveries have pointed to a pro-

proliferation effect of FGFRs, anti-proliferation
properties of some FGFRs have also been discovered.
FGFR1 III b is associated with the inhibition of cancer
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Fig. 3. The effects of FGFRs on different stages of tumorigenesis, and
their correlation with cell adhesion molecules FGFRs have different
effects on different tumorigenic processes, including cell proliferation,
cell survival, inflammation, metastasis (by facilitating EMT and
interacting with cell adhesion molecules), and angiogenesis. Under
some circumstances, FGFRs can promote these processes while under
other circumstances, some FGFRs, especially FGFR2, exert an
apparent inhibitory effect (except for cell survival which has not been
shown to be inhibited by FGFRs). Additionally, diverse cell adhesion
molecules can interact with, and then activate FGFRs, enhancing the
expression of diverse tumor-related genes.



cell proliferation, migration, and invasion in pancreatic
ductal adenocarcinoma (PDAC), while the FGFR1 III c
isoform enhances cell proliferation (Ishiwata et al.,
2012). FGFR2 was shown to possess anti-proliferation
properties by either inducing or suppressing it in diverse
cell lines (Feng et al., 1997; Yamada et al., 1999;
Freeman et al., 2003). Furthermore, the isoforms of
FGFR2 have also been shown to possess similar
properties in various cancer cells (Bernard-Pierrot et al.,
2004; Yasumoto et al., 2004; Amann et al., 2010; Wang
et al., 2011). Human pancreatic carcinoma, epithelial-
like cell line (PANC-1) cells transfected with FGFR2
isoform III c exhibit increased proliferation in vitro and
form large subcutaneous and orthotopic tumors in vivo,
suggesting a pro-proliferation effect of this isoform in
PDAC (Ishiwata et al., 2012). Another study indicated
that both III b and III c isoforms of FGFR2 inhibit the
proliferation, migration and invasion of the human breast
cancer cell line MDA-MB-231 by serving as a scaffold
that interacts with IκB kinase β (IKKβ) and suppresses
the activity of NF-κB (Wei et al., 2012). Despite the
general concept that FGFR3 is an oncogenic factor in
diverse cancers, as mentioned before, FGFR3 has also
been found to possess a cancer inhibitory property,
mainly through participating in drug-induced inhibition
of cell proliferation. For example, inhibition of FGFR3
by either the chemical inhibitor PD173074 or siRNA
attenuates the inhibition of proliferation caused by
rituximab in B-cell lymphoma cells (Kotani et al., 2012).
In addition, FGFR3 Δ8-10, which lacks exons encoding

the COOH-terminal half of immunoglobulin-like domain
III and the transmembrane domain, has been identified
as a normal variant possessing proliferation-inhibitory
properties in normal human urothelial (NHU) cells, and
has been found to be suppressed in bladder cancer cells
(Tomlinson et al., 2005). In a similar manner to FGFR3,
FGFR4 also suppresses the proliferation of some cancers
(Dutra et al., 2012). For example, down-regulation of
FGFR4 leads to a higher risk of hepatotumorigenesis
(Huang et al., 2009). This may be partly due to the
suppressive effect of FGFR4 on NF-κB through
phosphorylation of IKKβ, which has been previously
described (Drafahl et al., 2010). 
FGFR and cancer cell survival

As mentioned above, the downstream signaling
pathways of FGFRs control the expression of a spectrum
of genes responsible for cell survival, thereby suggesting
involvement of FGFRs in modulation of cancer cell
survival. This has been at least partly corroborated by a
number of studies during the last decade. 

A pro-survival effect of FGFR1 has been observed in
diverse cancer cells, including leukemia, melanoma, and
bladder cancer, with downstream signaling pathways of
FGFR1 including PI3K/AKT and MAPK signaling
found to be involved in this process (Karajannis et al.,
2006; Xian et al., 2007; Lefevre et al., 2009; Tomlinson
et al., 2009). FGFR2 has also been shown to facilitate
cell survival in many different cancers including prostate
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Fig. 4. Opposing effects of FGFRs on EMT.
Both FGFR1 and FGFR4 are capable of
facilitating epithelial-mesenchymal transition
(EMT), either through activating downstream
signaling pathways or by cross-talk with other
signaling pathways such as Wnt/β-catenin. By
contrast, FGFR2 displays an opposite effect by
inhibiting the activities of pro-EMT factors such
as snail, twist and slug.



cancer, breast cancer, and gastric cancer, although the
mechanisms underlying these phenomena remain
unclear (Rosini et al., 2002; Shan et al., 2004; Kunii et
al., 2008). There have also been reports concerning the
involvement of FGFR3 in promoting cancer cell
survival, at least in part by the activation of MAPK and
PI3K/AKT signaling pathways, which control multiple
cellular processes, especially cancer cell sterol and lipid
metabolism (Scuto et al., 2011; Du et al., 2012; Blick et
al., 2013). In addition, it has been reported that the III c,
but not the III b, isoform of FGFR3 plays a role in cell
survival in colorectal cancer (Sonvilla et al., 2010).
Likewise, FGFR4 participates in the regulation of cancer
cell survival, especially under oxidative stress, and this
process seems to be at least partially dependent on
downstream signaling pathways such as MAPK and
PI3K/AKT (Crose et al., 2012; Pelaez-Garcia et al.,
2013).

Taken together, a number of studies have indicated
or confirmed a linkage between FGFRs and cancer cell
survival and have partially revealed the underlying
mechanisms involved. However, more detailed work is
still required to fully clarify how FGFRs regulate such
biological events. 
FGFR and inflammation

Inflammation has long been proposed to contribute
to the initiation and progression of cancers, since the
tumor microenvironment has been observed to be
regulated by inflammatory cells and multiple
inflammatory factors, including TNF, IL-1, IL-6, IL-10,
CCL2, macrophage colony-stimulating factor (M-CSF)
(Coussens and Werb, 2002; Balkwill et al., 2005;
Mantovani et al., 2008). 

Accumulating evidence has implicated FGFRs in
cancer-related inflammation, since FGFRs themselves,

or their downstream signaling effects, have been found
to be potentially linked to the activity of inflammation-
related factors or the expression of various
inflammation-related genes. For example, FGFR4 is
capable of affecting cancer progression by modulating
the activity of NF-κB, as previously mentioned (Drafahl
et al., 2010). According to Schwertfeger et al. (2006)
activation of FGFR1 is responsible for the increased
expression of several inflammation-related genes,
including the macrophage chemo attractant osteopontin,
and is involved in the recruitment of macrophages to the
epithelium during the preneoplastic progression of
mammary glands in inducible FGFR (iFGFR) transgenic
mice. Later work from Schwertfeger’s lab identified
other molecules, including IL-1 β, cyclooxygenase-2
(Cox-2), and CX3CL1, which participate in the FGFR1-
induced inflammation reaction (Reed et al., 2009, 2012).
Although these studies indicated FGFR1-induced
inflammation, other studies have demonstrated the
reverse process for FGFR2, with its expression highly
elevated by the recruitment of pro-inflammatory
cytokines, including TNFα, IL-β, and IL-2 in the human
breast adenocarcinoma cell line MCF-7 (D’Amici et al.,
2013). Taken together, those studies suggest a tight
linkage between FGFRs and cancer-related in-
flammation, although, again, the precise mechanisms
involved require further investigation. 
FGFR and metastasis 

Metastasis is the process whereby primary tumor
cells acquire motility (mainly due to EMT), break
through the extracellular matrix and then invade into
blood vessels or lymph-vessels, through which they are
transported before finally residing in a distant organ. As
mentioned previously, metastasis is linked with poor
prognosis for cancer patients, and is frequently
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Fig. 5. FGFRs and tumorigenesis.
Diverse cell adhesion molecules, such
as E-cadherin, L1CAM, NCAM, and
possibly nectin, can promote
tumorigenesis, especially cancer cell
migration, by activating FGFR
signaling through binding to, or co-
internalizing with, FGFRs.



associated with relapse following treatment.
Some recent reports have supported the hypothesis

that FGFRs participate in metastasis and have indicated
important roles in FGFR downstream signaling
pathways such as PI3K/AKT and PLCγ in this process
(Dey et al., 2010; Taeger et al., 2011; Larrieu-Lahargue
et al., 2012; Issa et al., 2013). Among the four main
members of the FGFR family, FGFR1 has been most
frequently reported to play an important role in the
development of metastasis. Early in 2002, a study
confirmed that activation of FGFR1 by FGF2 leads to
sustained activation of the MEK/ERK pathway, which
then results in MMP-9 transcription, preventing ligand-
induced internalization of FGFR1 in synergy with E-
cadherin (Suyama et al., 2002). Other recent studies
have further supported the pro-metastatic properties of
FGFR1 with the findings that induced activation is
tightly associated with the motility and invasion of
Ewing’s sarcomas, epithelial ovarian carcinoma, and
hepatocellular carcinoma through PI3K/Rac1 signaling
(Kamura et al., 2010; Zecchini et al., 2011; Wang et al.,
2013). Down-regulation of FGFR1 has been linked to
reduced invasion and metastasis of prostate cancer and
pancreatic cancer through regulation of AKT, ERK and
other signaling pathways (Rachagani et al., 2012; Yang
et al., 2013). In contrast to FGFR1, FGFR2 has been
predominantly shown to suppress metastasis of multiple
cancers (Liu et al., 2008; Guo et al., 2012). There are
also some studies suggesting a pro-metastasis property
of the III c isoform (Ishiwata et al., 2012). FGFR3 has
not been specifically reported to correlate with tumor
metastasis, but there are some indications that activated
FGFR3 contributes to induction of lung adenocarcinoma
with eventual metastasis, and that core 3 synthase-
mediated attenuation of metastasis is accompanied by
decreased expression of FGFR3 (Radhakrishnan et al.,
2013; Yin et al., 2013). There are few reports of the role
of FGFR4 in metastasis, but a FGFR4 SNP variant
(Gly388Arg) has attracted significant attention and has
been correlated with an increased risk of metastasis,
possibly due to the resultant loss of the migration-
suppressor activity of FGFR4 (Stadler et al., 2006;
Sugiyama et al., 2010; Heinzle et al., 2012). 

In addition to general studies on the effect of FGFRs
on tumor progression, more detailed studies on the
mechanisms underlying this process, especially the role
of FGFRs in EMT and their interactions with cell
adhesion molecules, have also been undertaken.

Correlations with EMT
EMT is an essential event during cancer metastasis,

facilitating the motility of the parent epithelial cancer
cells. Correlations of FGFRs with EMT are gradually
emerging, and are revealing promising potential for the
treatment of metastases.

Valles et al. have reported that acidic FGF can
induce the rat carcinoma cell line NBT-II to undergo a
rapid EMT (Valles et al., 1990). Four years later, work

from the same group further confirmed this effect by
inducing FGFR1 transfected NBT-II cells, and also
found that bFGF could give rise to a similar event by
activating FGFR2c (Savagner et al., 1994). Following
this pioneering work on the role of FGFRs in EMT,
more recent studies have shown further evidence for
FGFR-EMT association (Billottet et al., 2008; Thomson
et al., 2011; Qian et al., 2014).

The alternative roles played by different FGFRs in
EMT are now beginning to become clear (Fig. 4).
FGFR1 has been shown to have a pro-EMT effect in a
number of cancers including prostate cancer, non-small
cell lung cancer, urothelial carcinoma, and head and
neck squamous cell carcinomas by both facilitating
parallel signaling pathways (e.g. Wnt/β-catenin
pathway) and activating downstream signaling
molecules such as MAPK, PLCγ, Sox9, Snail1 and
Snail2 (Acevedo et al., 2007; Gemmill et al., 2011;
Tomlinson et al., 2012; Nguyen et al., 2013). By
contrast, FGFR2 seems to possess an anti-EMT effect.
As mentioned above, the two major isoforms of FGFR2,
FGFRIII b and FGFR2III c, inhibit EMT in the human
breast cancer cell line MDA-MB-231 cell, probably by
blocking the production of EMT-related factors such as
Snail, Slug, and Twist (Wei et al., 2012). In the case of
FGFR4, whilst there is relatively little knowledge about
the links between FGFR4 and EMT, studies from our
own laboratory have strongly indicated that FGFR4
plays a crucial role in TAF induced EMT in colorectal
cancer cell lines through activation of β-catenin with the
participation of TAF-derived CCL2 and its downstream
transcription factor, Ets-1 (Liu et al., 2013). 

Interacting with cell adhesion molecules
Cell adhesion molecules mediate cell-cell and cell-

matrix adhesion and have been demonstrated to play
important roles in nearly all steps in tumorigenesis,
including detachment of cancer cells from the primary
sites, intravasation into the blood stream, extravasation
into distant target sites, and formation of secondary
lesions (Makrilia et al., 2009; Paschos et al., 2009).
Notably, cell adhesion molecules function not only
through mediating cell-cell and cell-matrix adhesion, but
also through modulating multiple signaling pathways
(Obrink, 1997; Salomon, 2000; Cavallaro and
Christofori, 2004; Zhong and Rescorla, 2012). Next, we
discuss how cell adhesion molecules interact with FGFR
and activate downstream signaling to contribute to
metastasis (Fig. 5).

Early in 1996, FGFRs were suggested to have the
potential to interact with cell adhesion molecules
(CAMs) since they possess a cell adhesion molecule
homology domain (CHD) (Doherty et al., 1996). Later
studies supported this hypothesis with the finding that
FGF1 and FGF2 induce the internalization of surface
FGFR1 and surface E-cadherin in endosomes before
translocation into the nucleus (Bryant et al., 2005). Also,
FGFR1 was found to interact directly with cadherin-11
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via the extracellular domain (Boscher and Mege, 2008).
FGFR1 is capable of interacting directly with the
neuronal cell adhesion molecule L1CAM (CD171)
through binding of the second and third Ig-like domains
of FGFR1 to L1CAM (Kulahin et al., 2008), and a
recent article has shown that L1CAM stimulates glioma
cell motility and proliferation through FGFR activation,
suggesting a possible direct interaction between these
two molecules (Mohanan et al., 2013). Neural Cell
Adhesion Molecule (NCAM, CD56), a homophilic
binding glycoprotein expressed on the surface of various
cells, has also been suggested to interact with FGFRs
thereby affecting some downstream signaling pathways
in certain cancer cells. Early in 2001, NCAM was
revealed to stimulate β1-integrin-mediated cell-matrix
adhesion by activating FGFR4 signaling (Cavallaro et
al., 2001). In 2008, a review summarizing the interaction
between NCAM and FGFR proposed that FGFR can
bind to NCAM by the Ig2-3 domain as well as the acidic
box, resulting in activation of the downstream PLCγ
signaling pathway and leading to induction of neurite
outgrowth (Hansen et al., 2008). This suggested that a
similar interaction may occur in cancer, as was
demonstrated later. Thus, in 2011, FGFR signaling was
found necessary for NCAM-induced epithelial ovarian
carcinoma (EOC) cell motility, and targeting the
NCAM/FGFR interplay with a specific monoclonal
antibody abolished the metastatic dissemination of EOC
in mice (Zecchini et al., 2011). Nectin and nectin-like
proteins, a family of 9 adhesion molecules belonging to
the immunoglobulin superfamily, are now emerging as
modulators of diverse cancers (Fournier et al., 2010).
Although not yet found in cancer cells, nectin 1, a
member of this family, has been demonstrated to bind
and signal through various isoforms of FGFR (Bojesen
et al., 2012), hinting at the possibility of a similar
mechanism in cancer cells. However, further studies are
needed to verify this hypothesis. 
FGFR and angiogenesis 

Angiogenesis significantly contributes to tumor
progression and metastasis as nutrients and metastatic
cancer cells can be transported through blood vessels.
Avascular tumors are severely restrained in their growth
potential while general tumors must make an
“angiogenic switch” by perturbing the local balance of
pro-angiogenic factors to maintain their growth and
metastasis (Folkman, 2002). Although VEGF and its
receptor are the most studied effectors of angiogenesis,
FGFRs and FGFs have also long been indicated to play
pivotal roles in this biological event (Lee et al., 2000;
Ardi et al., 2009). 

Almost 20 years ago, FGFs, especially FGF1 and
FGF2, were observed to induce vascularization (Friesel
and Maciag, 1995; Takanami et al., 1997; Wang and
Becker, 1997), which suggested an important role of
FGFR signaling in angiogenesis. Later, many other
studies further confirmed the importance of FGFs and

their receptors in angiogenesis (Bian et al., 2000;
Compagni et al., 2000; Auguste et al., 2001; Ogawa et
al., 2002; Rousseau et al., 2004; Presta et al., 2005).
Specifically, FGFR1 is reported to be associated with
angiogenesis in diverse cancers, such as hepato-
carcinoma, prostate cancer and glioblastoma, possibly in
part by inducing, controlling, or interacting with
molecules such as VEGFR, angiopoietin 2, plexin-A4,
and prostaglandin E2 (Huang et al., 2006; Winter et al.,
2007; Finetti et al., 2008; Kigel et al., 2011). Despite the
pro-angiogenesis effect of FGFR1 that is supported by
most of the published articles, there are still some reports
suggesting an opposite role in angiogenesis. For
example, using a FGFR1(-/-) mouse model, Magnusson
et al. demonstrated increased vascularization and a
distinct, elongated, vessel morphology in FGFR-
deficient embryoid bodies and in teratomas derived from
FGFR1-silenced stem cells, with down-regulated IL-4
and up-regulated pleiotrophin observed in embryoid
bodies. Given that IL-4 is a negative regulator of
angiogenesis while pleiotrophin is a positive one, these
findings indicated that FGFR-1 could negatively regulate
endothelial cell function by altering the balance of
modulatory cytokines during endothelial and
hematopoietic development (Magnusson et al., 2007). 

The precise role of FGFR2 in angiogenesis has not
yet been clearly clarified, but there are some studies
suggesting its implication in angiogenesis. Auguste et al.
demonstrated a tight correlation between FGFR2 and
angiogenesis using dominant-negative FGFR2 glioma
C6 cells to generate tumors in animal models (Auguste
et al., 2001). However, there is also evidence that
FGFR2 and its ligand FGF2 are not related to
angiogenesis in lingual carcinomas and their nodal
metastases (Forootan et al., 2000). There are a few
reports indicating an association between FGFR3 and
angiogenesis. For example, FGFR3 is down-regulated in
AIb1(+/-) mice, which display a highly retarded
angiogenesis response compared with AIB1(+/+) mice
(Al-Otaiby et al., 2012). Similar to FGFR3, FGFR4 has
only been suggested to participate in angiogenesis in a
few studies. For instance, FGFR4 as well as the TIE1
gene were found to be overexpressed in hypervascular
renal cell carcinoma tissues while FGFR4-knock-down
cells displayed a retarded capacity for in vivo tumor
formation and angiogenesis in a nude mouse model
(Takahashi et al., 1999; Pelaez-Garcia et al., 2013). 
Aberrant expression of FGFRs due to epigenetic and
genetic alterations is tightly associated with cancer

Genetic alterations of FGFR genes can lead to
several alternative biological functions of FGFRs,
including constitutive activation, partial or complete
silence, loss of original functions, and gain of new
functions. Epigenetic modifications of FGFR genes can
also modulate the expression of FGFRs, thus affecting
their activity. Altered expression, activity, and function
of FGFRs are responsible for diverse cancers (Ahmad et
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al., 2012; Parker et al., 2014). Understanding the
underlying mechanisms of FGFR-related tumorigenesis
is of great significance as it can help guide better
mechanism-based personalised medication for cancer
patients.
Epigenetic modifications

Epigenetic modifications describe changes of gene
activity without altering the gene sequence, and are
represented by promoter methylation, histone
modification, and microRNA silencing. Although
epigenetic modifications are most studied in
developmental biology, the correlation of these
modifications with cancers has also drawn great
attention. Here, we focus on some representative studies
on epigenetic modifications of FGFR genes.

Promoter methylation
To date, there have been many reports on the links

between promoter methylation and the activity of
FGFRs. Overexpression of FGFR1 is commonly
observed in diverse cancer cells, and this phenomenon
has been indicated to arise from hypomethylation of
CpG islands within the promoter region (Goldstein et al.,
2007). FGFR2 has been shown to be silenced by
promoter methylation in a number of cancers, including
thyroid cancer, pituitary neoplasia, gastric cancer, and
breast cancer, probably due to the need for tumors to
avoid FGFR2’s previously mentioned tumor-suppressive
effect (Kondo et al., 2007a,b; Park et al., 2007; Zhu et
al., 2007, 2010a,b). FGFR3 has also been found to be
methylated in lung cancer but is expressed with a much
lower methylation status in squamous cell carcinomas
(Cortese et al., 2008), suggesting that FGFR3 may play
different roles in different tumors. FGFR4 is commonly
overexpressed in many cancers, but selective wild type
FGFR4 allele methylation, with corresponding down-
regulated activity, was found in breast cancer containing
a FGFR4-R388 allele, which supports the pro-growth
advantage of the FGFR4-R388 allele over the wild type
(Zhu et al., 2010a,b). It is therefore obvious that
promoter methylation of FGFR genes participates in,
and contributes to, the initiation and/or progression of
many different tumors. 

Histone modifications
Histone modification is tightly associated with

chromatin remodeling and thus controls gene
transcription. Histone methylation or deacetylation
represses gene expression, while histone acetylation
displays the exact opposite effect. Silencing of FGFR2
through histone methylation has been identified in
mouse corticotroph AtT20 tumor cells and may also
exist in human pituitary neoplasia (Zhu et al., 2007).
Constitutive histone acetylation at multiple intron 2
sequences was found in high FGFR2-expressing cell

lines such as the human breast cancer adenocarcinoma
cell line MCF-7, while histone 3/4 deacetylation at the
rs2981578, rs10736303, and rs7895676 disease-
associated alleles were found in FGFR2-negative MDA-
231 cells, which are wild type (Zhu et al., 2009). Histone
methylation was also observed to regulate the
transcription of FGFR3, with an Ap2delta-Ash2l
complex-mediated trimethylation of lysine 4 of histone
H3 demonstrated (Tan et al., 2009). For FGFR4, Ikaros-
1 mediated FGFR4-activating histone acetylation and
Ikaros-6 mediated reverse effect of Ikaros-1 have been
reported (Ezzat et al., 2003).

MicroRNA silencing
MicroRNA-mediated FGFR silencing is an

alternative mechanism responsible for repressing FGFR
activity, and is also associated with the progression of
diverse cancers. FGFR1 mRNA has been identified to be
a target of miR-16, miR-214, miR-133b and miR-424.
Down-regulation of these microRNAs is linked to high
FGFR1 activation and a more aggressive tumor
phenotype, while their overexpression has been shown to
correlate with suppressed tumorigenesis (Chamorro-
Jorganes et al., 2011; Mouillet et al., 2013; Wang et al.,
2013; Wen et al., 2013). FGFR2 mRNA has also been
identified as a target of microRNAs. For example, miR-
19b-1 has been suggested to inhibit angiogenesis partly
through blocking FGFR2 mRNA in human umbilical
vein endothelial cells (Yin et al., 2012). FGFR3 mRNA
is also targeted by several microRNAs, including miR-
99a/b, miR-100, and possibly miR-7 (Veerla et al.,
2009). Two of these microRNAs, miR-99a and miR-100,
most frequently target FGFR3, and correlate with the
repression of diverse cancers, including bladder cancer,
prostate cancer, human glioblastoma, and human
epithelial ovarian cancer (Catto et al., 2009, 2011; Leite
et al., 2013; Chakrabarti et al., 2013; Jiang et al., 2014).
Intriguingly, hypoxia has been shown to induce FGFR3
expression partially through suppression of miR-100 in
non-muscle invasive bladder cancer (Blick et al., 2013),
suggesting that a microRNA mediated silencing of
FGFRs may play a role in the transformation of
environmental signals. No conclusive evidence has
emerged to date for FGFR4 mRNA-targeting
microRNAs,
Genetic alterations 

Single nucleotide polymorphism (SNP)
SNPs, which can alter protein function, usually lead

to a termination of translation (nonsense mutation) or
substitution of an alternative amino acid (missense
mutation) in a protein, resulting in loss or gain of
function. SNP-mediated missense mutations of FGFRs
were originally observed in skeletal diseases such as
Crouzon syndrome (Reardon et al., 1994). However,
similar or identical mutations were identified later in
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various cancer cells. For example, in an article published
in 1999, several SNPs were reported to give rise to
missense mutations including R248C, S249C, G372C
and K652E in bladder and cervical cancer, resulting in
activation of FGFR3 either through cysteine-led
dimerization or changes of the tyrosine kinase domain,
similar to those germinal activating mutations that cause
thanatophoric dysplasia (Cappellen et al., 1999). In
addition to the activation effect on FGFRs, missense
mutations have also been revealed to introduce
suppression to FGFRs (Di Martino et al., 2009).
Missense mutations may also partly alter the function of
FGFRs and can correlate with different stages of cancer.
For example, FGFR4 Arg388 allele carriers are
associated with later tumor stages and more aggressive
phenotypes compared with the wild type Gly388 allele
(Stadler et al., 2006; Sugiyama et al., 2010; Choi et al.,
2012; Heinzle et al., 2012). SNP-mediated missense
mutations have been detected at various positions in
FGFR with, according to some statistical reports, a
preference for the third immunoglobulin-like domain,
the transmembrane domain and the tyrosine kinase
domain, probably because these mutations significantly
contribute to alterations in FGFR activity with a
corresponding increase in tumorigenesis (van Rhijn et
al., 2002). Importantly, in 2007, a genome-wide
association study identified alleles in FGFR2 and
strongly suggested potential links between those SNPs
and risks of breast cancer (Hunter et al., 2007). Later
studies further supported those findings (Huijts et al.,
2007). Subsequently, many other studies have led to a
myriad of findings on SNPs and their physiological roles
in tumorigenesis. For example, the breast cancer-
associated SNPs, which are located within the intronic
region of the FGFR2 gene, consist of rs10736303,
rs1219648, rs2912778, rs2912781, rs2981575,
rs2981578, rs2981582, rs33971856, rs35054928,
rs35393331, and rs7895676. Different SNPs seems to be
associated with different biological effects, with
rs10736303 giving rise to an estrogen receptor (ER)-
binding site, rs2981582 associated with ER-positive
breast cancer, rs2981578 associated with increased
FGFR2 expression and potentiated responses to FGF2 in
fibroblasts rather than epithelial cells (Katoh and
Nakagama, 2014). 

Gene amplification
Gene amplifications of FGFRs are commonly seen

in a range of cancers, including head and neck squamous
cell carcinomas, gastric cancer, breast cancer, lung
cancers (both small cell and non-small cell, in addition
to squamous cell carcinoma), esophageal squamous cell
carcinoma, colorectal cancer, ovarian, osteosarcoma and
others (Brunello et al., 2012; Schildhaus et al., 2012;
Gadgeel et al., 2013; Dienstmann et al., 2014; Preusser
et al., 2014; Schultheis et al., 2014). For example, it was
demonstrated that the incidence of FGFR1 amplification
in Chinese patients with NSCLC tumors was 12.5%

(6/48) for those of squamous origin and 7% (5/76) for
adenocarcinomas (Zhang et al., 2012), while in another
study, it was reported that 16% (12/72) of primary lung
squamous cell carcinomas and 18% (7/39) of the lymph
node metastases had positive FGFR1 amplification
(Goke et al., 2012). Gene amplifications of FGFRs
usually correlate with ectopic activities of FGFRs, which
then facilitate the initiation, progression, and drug
resistance of various cancers (Turner et al., 2010; Jang et
al., 2012; Lehnen et al., 2013). For example, FGFR2 is
highly expressed in SMU-52 breast cancer cells due to
amplification of the FGFR2 gene, which results in
constitutive activation of FGFR2 downstream signaling
pathways and contributes to the transformed phenotype
of SMU-52 (Moffa and Ethier, 2007). 

Although many studies have indicated that
amplification of FGFR2 can facilitate cancer cell growth
and survival, the opposite property of FGFR2 has also
been reported (Betts et al., 2013). Due to the important
roles of amplified FGFRs in many cancers, targeting
FGFR inhibition is considered to be a promising strategy
for treating patients with amplified FGFRs. It has been
shown that inhibiting amplified FGFR2 with a potent
chemical inhibitor of FGFR (AZD4547) resulted in
apoptosis in gastric cancer cells and a significant dose-
dependent tumor growth inhibition in FGFR2-amplified
xenografts (Xie et al., 2013). 

Gene deletion
A close association between gene deletion of FGFRs

and tumorigenesis is evident. Early in 2001, deletion of
FGFR1 was found to be closely correlated with poor
survival of patients with bladder cancer, especially those
bearing invasive bladder carcinomas (Simon et al.,
2001). In another study in 2010, chromosomal deletion
at 10q was shown to result in the loss of FGFR2
expression in a subset of HCC cells, and this FGFR2
defect was significantly correlated with vascular
invasion and advanced tumor stage (Amann et al., 2010).
These findings further support the concept that FGFRs
can have negative effects on cancer cells, and indicate
that gene deletion is one way that cancer cells can
overcome such a disadvantage. 

Fusion of FGFRs and other genes
FGFRs have been reported to fuse with a variety of

genes, either through gene rearrangement or
chromosomal translocation. Two of the most studied
fusion partners of FGFR, TACC1 and TACC3, are
frequently observed in many cancers. For example,
FGFR3-TACC3 fusion protein was found to be
associated with markedly elevated FGFR expression in
squamous NSCLC cells (Majewski et al., 2013), and was
revealed to induce mitotic and chromosomal segregation
defects, which trigger aneuploidy in addition to a
constitutive kinase activity in human glioblastoma cells
(Singh et al., 2012). It should be noted that fusion
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partners of FGFRs such as TACC3, have been found to
be essential for the constitutive activation of fused
FGFRs (Williams et al., 2013), and it is possible that
changes in both FGFR activity and oncogenic effect of
fused FGFRs may vary with the fusion partners. Besides
TACC1 and TACC3, other fusion partners of FGFRs,
such as AHCYL1 and BICC1, have also been identified
and have been found to be potential targets for cancer
treatment (Arai et al., 2014). FGFR family fusions occur
in many carcinomas as shown by the revelation that 5’
FGFR fusions to BICC1, AFF3, CASP7, CCDC6,
KIAA1967, OFD1, BAIAP2L1 and TACC3 (multiple
exons) and 3’ FGFR fusions to SLC45A3, BAG4 and
ERLIN2 were present in a spectrum of cancer cells (Wu
et al., 2013). Of note, those fusions maintained intact
FGFR kinase activities, and could be suppressed by anti-
FGFR inhibitors such as PD173074 and pazopanib, thus
suggesting that the activation of kinase activities may
result from dimerization of FGFRs (Wu et al., 2013). 
Perspective 

Our knowledge of the relevance of FGFRs in cancer
biology has increased significantly over the past decade.
Dysregulation of FGFR-associated signals, including
activated mutations, increased receptor expression,
increased ligand availability and impaired termination of
signaling, has been linked to diverse tumorigenic
properties, including limitless cell proliferation,
inflammation, EMT, metastasis, and angiogenesis.
Though the potentiation or reinstatement of FGFR-
associated signals may pave a new direction in adjuvant
or curative cancer treatment, the complexity of the many
different genetic or epigenetic abnormalities of FGFR-
associated signals presents significant practical problems
for clinical use of FGFR inhibitors. Therefore, effective
strategies for identifying which paracrine and autocrine
signals are driving tumor development are urgently
required. Furthermore, due to the broad biological roles
of FGFRs in both embryogenesis and maintenance of
homeostasis, any potential therapeutic strategy based on
long-term and/or non-selective inhibition of FGFR
signaling must be cautiously evaluated. 
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