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During mouse embryogenesis, diffusible growth factors, i.e. fibroblast
growth factors, Wnt, bone morphogenetic protein and Hedgehog family
members, emanating from localized areas can travel through the extra-
cellular space and reach their target cells to specify the cell fate and form
tissue architectures in coordination. However, the mechanisms by which
these growth factors travel great distances to their target cells and control
the signalling activity as morphogens remain an enigma. Recent studies
in mice and other model animals have revealed that heparan sulfate
proteoglycans (HSPGs) located on the cell surface (e.g. syndecans and
glypicans) and in the extracellular matrix (ECM; e.g. perlecan and agrin)
play crucial roles in the extracellular distribution of growth factors. Princi-
pally, the function of HSPGs depends primarily on the fine features
and localization of their heparan sulfate glycosaminoglycan chains. Cell-
surface-tethered HSPGs retain growth factors as co-receptors and/or
endocytosis mediators, and enzymatic release of HSPGs from the cell
membrane allows HSPGs to transport or move multiple growth factors.
By contrast, ECM-associated HSPGs function as a reservoir or barrier in a
context-dependent manner. This review is focused on our current under-
standing of the extracellular distribution of multiple growth factors
controlled by HSPGs in mammalian development.

1. Introduction

Diffusible growth factors, including fibroblast growth factors (FGF), Wnt, bone
morphogenetic protein (BMP), transforming growth factor-B (TGF-B) and
Hedgehog (Hh) family members, regulate anterior—posterior, left-right and
dorsoventral patterning in the mammalian embryos by controlling cell prolifer-
ation, cell re-arrangement, migration and cell death [1-5]. These factors are
secreted from spatially and temporally restricted areas such as local signalling
centres and are considered to control cell behaviours in the target regions or
tissues in a concentration-dependent manner. However, our knowledge about
how growth factors travel through the extracellular space, arrive precisely at
target cells and transmit signalling within cells at the appropriate level is still
limited [6—11]. Recent observations in mice and other model animals deficient
for biosynthesis of heparan sulfate proteoglycans (HSPGs) have identified the
importance of HSPGs that are localized on the cell surface and in the extra-
cellular matrix (ECM) for the extracellular distribution of growth factors
during early embryonic patterning. The roles of HSPGs appear to depend
primarily on the fine structures and location—i.e. the cell surface or ECM—
of their heparan sulfate (HS) glycosaminoglycan chains. In this review, we
focus on recent advances in the distribution of diffusible growth factors and
consequent signalling activation played by cell-surface-tethered and ECM-
associated HSPGs during early embryogenesis by integrating the relevant
models in mice and other animals.

© 2014 The Author(s) Published by the Royal Society. Al rights reserved.
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Figure 1. Schematic of divergent roles of HSPGs in distribution and signal transduction of growth factors. The roles of HSPGs in distribution of multiple growth factors
depend on the localizations of HSPGs. The HS chains are covalently liked to core-proteins: the transmembrane type (e.g. syndecans), GPl-anchored type (e.g. glypicans) and
secreted type (e.g. perlecan and agrin). The former two types are located on the cell surface, and the latter one is in the ECM including basement membrane (basal
lamina). Thus, the localization of HS chains is dependent on the types of attached core-proteins. On occasion, however, HSPGs cleaved with proteases, heparanase or
Notum by shedding, are detached from the cell surface and ECM. Principally, the roles of HSPGs in distribution and signal transduction of growth factors appear to depend
on their localizations. The cell-surface-tethered HSPGs play roles as co-receptors and/or endocytosis mediators, whereas ECM-associated HSPGs act as a reservoir or barrier.
In addition, released HSPGs by shedding with a protease, heparanase or Notum, promote the transport or movement.

2. The structures of biosynthesized heparan
sulfate proteoglycans are highly heterologous
and complex

HSPGs are composed of a specific core-protein covalently
linked with a few HS chains which have highly heterogeneous
polysaccharides with respect to molecular mass, disaccharide
construction and sulfation patterns when compared with pro-
teins or nucleic acids (reviewed in [12—-17]). HSPGs are further
divided into three major groups depending on their core-
protein structure, i.e. transmembrane type (e.g. syndecans),
glycerophosphatidylinositide (GPI)-anchored type (e.g. glypi-
cans) and secreted ECM type (e.g. perlecan, agrin and
collagen type XVIII; figures 1 and 2). The former two types
of HSPGs are generally localized at the cell surface, but are
sometimes cleaved by a sheddase (e.g. a proteinase, hepara-
nase or Notum, a member of the a/B-hydrolase superfamily
with similarity to pectin acetylesterases releasing GPI-anchored
glypicans from the cell surface), so that the detached forms of
the cell-surface-tethered HS are also distributed in the ECM
(figures 1 and 2). The latter ECM type of HSPGs is directly
secreted and localized in the ECM including the basement
membrane (basal lamina).

The HS chain has a long linear backbone of repeating
disaccharide units incorporating N-acetylglucosamine and
glucuronic acid (reviewed in [12-18]). HS chains are assem-
bled on serine residues in core-proteins by a series of

glycosyltransferases and modification enzymes in the Golgi.
Notably, HS elongation takes place by adding 25-100 repeat-
ing disaccharide units, and is catalysed by Extl and Ext2
proteins. Following chain elongation, extensive modification
reactions are carried out by four families of sulfotransferases
and one epimerase. GIcNAc N-deacetylase/ N-sulfotransferases
deacetylate N-acetylglucosamine and add sulfate to generate
N-sulfated glucosamine. Some glucuronic units undergo 2-O
sulfation by 2-O sulfotransferase and selected glucosamine resi-
dues are 6-O sulfated by a 6-O sulfotransferase. Because these
modification reactions of HS biosynthesis occur in clusters
along HS chains, the modified domains are separately segmen-
ted as N-acetylated (NA), N-sulfated (NS) and mixed (NA/NS)
domains [19,20]. Moreover, because these modification reactions
proceed incompletely, HS chains carry highly divergent disac-
charide structures. The resultant complex structures might
play unique roles in specific affinity for multiple growth factors
and their related receptors, as described in the next section.

3. Binding of heparan sulfate proteoglycans to
growth factors is mediated by the fine

features of heparan sulfate chains

As HS chains are consecutively sulfated by N-, 2-O-, 6-O, 3-O-
sulfotransferases in the Golgi (see above), the consequent modi-
fied sulfated patterns of HS at the overall level as well as in local
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Figure 2. Summary of localizations of HSPGs and their cellular functions for growth factors. Localizations of HSPGs are closely linked to their cellular functions for
growth factors. Their localizations can be modified by enzymatic cleavage with shedding.

domains appear to modulate the affinity for multiple growth fac-
tors [21,22-27]. In addition, sulfated HS chains are further
partially desulfated by extracellular endosulfatases mostly at
the cell surface but not in the Golgi [26]. Extensively sulfated
HS chains strongly facilitate the formation of ternary complexes
with FGF and FGF receptor (FGFR) [25] and, consequently, pro-
mote FGF signalling activity, e.g. distinct sulfate patterns
modulate different FGF10-mediated gland developmental pro-
cesses such as proliferation, duct elongation, bud expansion
and differentiation [21-24]. Conversely, desulfation of HS
chains via these endosulfatases downregulates FGF-mediated
signalling activity [27-29]. FGF signalling is strongly disrupted
by: Hs2st; by Hs6st double mutations, where the entire sulfation
level is severely reduced; or by overexpression of 6-O sulfatase,
which removes 6-O sulfate groups [30]. Moreover, the overall
size or length of HS disaccharide units appears to affect the bind-
ing activity of FGF; shorter chains can form a ternary complex
with FGF-FGFR more efficiently than longer chains [21,31].
Thus, these fine HS features including sulfated patterns, and
the overall length of HS chains seem to modulate the binding
activity and signalling activation for growth factors.
Desulfation of HS by 6-O-endosulfatases Sulfl and Sulf2
promotes the complex formation of Wnt ligands and Frizzled
receptors [26]. 6-O desulfation reduces the ability of HS
chains of glypican 1 to bind to Wnt ligands. Because 6-O-
sulfated HS binds to Wnt with a high affinity and competes
with the binding of Wnt to Frizzled receptors, 6-O desulfa-
tion activity would convert the HSPGs to a low affinity
binding state for Wnt ligands. Thus, removal of Wnt from
HS chains via desulfation facilitates the complex formation
of Wnt-Frizzled receptor indirectly, and thereby enhances
Wnt signalling [32]. Consistent with this notion, Sulfl may
stabilize gradient formation of Wnt ligands by controlling
the stability and distribution of Wnt. Given that Sulfl appears
to be induced by Wnt signalling itself and then to repress
Wnt signalling activation, Sulfl can act as a feedback loop,
possibly by stabilizing the shape of the Wnt gradient [33].
The binding affinity of HS for other HS-interacting proteins
is also affected by their fine sulfated patterns. Noggin, an extra-
cellular BMP antagonist, binds efficiently to heavily sulfated
heparin/HS carrying N-, 6-O- and 2-O-sulfates [34]. Given
that Sulf1 selectively removes sulfate groups from the 6-O pos-
ition of HS within the most highly sulfated S domains but not
within the NA/NS domains [34], the 6-O desulfation activity
results in the release of Noggin from the HS chains and

consequently upregulates the BMP signalling within these
cells [34]. These findings suggest that fine features of HS can
modulate the binding activity of other HS-interacting proteins,
including BMP-bound antagonists (also see below).

In addition, the spatio-temporal changes of fine structures
of HS chains can further modulate the distribution of growth
factors and their signalling activity during morphogenesis
[35,36]. Elongation and modifications of HS chains appear
to be controlled spatially and temporally to some extent.
Modification enzymes are expressed in a cell- or tissue-specific
manner and the resultant sulfated location and overall level
within HS chains are neither uniform nor complete [37,38].
Indeed, expression studies with several monoclonal antibodies
recognizing different HS structures such as sulfation have
indicated that the fine structures of cell-surface-tethered HS
chains are also different from those of ECM-associated chains
[35,36,39]. Thus, the spatio-temporally controlled diversity of
HS fine structures can modulate the distribution and signalling
activity of growth factors during development [18,39].

4. Divergent functions of heparan sulfate
proteoglycans in the distribution of growth
factors depend on localizations of heparan

sulfate chains

The cell biological roles of HSPGs in the distribution of growth
factors appear to be dependent on localizations of HSPGs;
syndecans and glypicans are localized at the cell surface as trans-
membrane type and GPI-anchored type, respectively, whereas
perlecan and agrin are secreted and localized in the ECM
(figures 1 and 2). Furthermore, the locations of these HSPGs
are modified by enzymatic cleavages with sheddases (figures 1
and 2). Their distinct localizations permit the divergent, but
unique roles of HSPGs in the regulation of distribution of
diffusible growth factors as described below in detail (figure 2).

(a) Cell-surface-tethered heparan sulfate proteoglycans
retain growth factors as co-receptors and/or

endocytosis mediators
Cell-surface-tethered HSPGs contribute to the stable reten-
tion of multiple growth factors and signal transduction as
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Figure 3. Expression of HS chains of HSPGs and FGF signalling activation at preimplantation stage. Expression of HS chains examined by the 3G10 monoclonal
antibody is observed in the trophectoderm as well as in the inner cell mass at E3.5. FGF signalling activation is monitored by immunohistochemistry with the
polyclonal antibody against the dephosphorylated form of Erk (dp-Erk). Expression of dp-Erk is found in the cytoplasm of HS chain-positive cells. The detailed

materials and methods are described previously [39].

co-receptors (figure 2). The roles of HSPGs in the formation of
one of these growth factors, FGF—FGFR, have been extensively
studied for years [40—42]. In the early mouse embryo, both the
local retention and signalling activation of FGF depend on cell
surface HSPGs. Given that the Ext1 /Ext2 complex catalyses HS
chain elongation and Ext2 transcripts are prominent in the
extraembryonic ectoderm, HS expression of cell-surface-
tethered HSPGs is increased during extraembryonic ectoderm
development [39]. While the Fgf4 and Fgf8 genes are tran-
scribed in the epiblast and visceral endoderm, their protein
products are mostly localized on the cell surface of the extraem-
bryonic ectoderm but not evident in the epiblast or visceral
endoderm [39]. Although the extracellular route of diffused
FGF proteins travelling from epiblast cells to the cell surface
of the extraembryonic ectoderm is still unknown, FGF proteins
appear to be stably co-localized with cell-surface-tethered
HSPGs such as transmembrane-type syndecan-1 as well as
the FGFR2 protein, but are unlikely to co-localize with
ECM-associated HSPGs such as perlecan in the ECM, particu-
larly the basement membrane (basal lamina) [39]. Moreover,
the cell surface retention of FGF4 and FGEF8 proteins and
FGF signalling activity in the extraembryonic ectoderm is
specifically lost in Ext2-deficient embryos in which HS disac-
charides are not synthesized but FGFR2 expression on the
cell surface is evident [39]. Thus, together with the chimaeric
studies in Ext2-deficient embryos, these results led the authors
to propose that cell-surface-tethered HSPGs rather than ECM-
associated HSPGs are crucial for the stable and local retention
of FGF ligands to the FGFR and subsequent activation of FGF
signalling in extraembryonic ectoderm cells [39]. Consistent
with these observations, during the mouse peri-implantation
stages, the highly dynamic expression patterns of HS chains
are largely matched with the FGF signalling activity, marked
by the diphosphorylated form of extracellular signal-regulated
kinase [39,43] (figure 3); in particular, both activities are
prominent in trophectoderm-derived tissues, including the
extraembryonic ectoderm.

Similarly, cell surface HSPGs appear to contribute to reten-
tion of other growth factors [44-53], although the crystal
structures of ligand and receptor complexes remain to be eluci-
dated. The heparin-binding domain in the N-terminal basic
moiety of BMP proteins seems to be crucial for local retention
of BMP ligands as well as their biological activity [54,55]. Con-
sistently, in the HS-deficient limb mesenchyme, both the BMP

protein distribution and subsequent BMP signalling-active
domains become more broad and diffused [47]. More specifi-
cally, interactions between HS and BMP on the cell surface
are required to recruit BMP type II receptor subunits to BMP
type I receptor complexes for signalling activation [49]. This
suggests that some of the cell surface HSPGs may function to
catalyse the active ligand—receptor complex formation rather
than just stabilize the BMP-receptor complex. Glypicans, cell
surface- and GPI-anchored-type HSPGs, can facilitate the com-
plex formation of growth factors, Wnt and Hh and their
respective receptors for signalling activation [51,52,56,57].
Glypican 3 directly interacts with both Wnt ligands and their
receptor Frizzled through its glycosaminoglycan chains [56].
Similarly, glypican 5 also binds to both Hh and its receptor
Ptcl through its glycosaminoglycan chains [57]. These findings
are in good agreement with the previous notion that the
Drosophila glypican dally-like is essential for the extracellular
distribution of Wingless [58]. Although the role of HSPGs in
Wnt, Shh and BMP signalling during early mammalian
embryogenesis remains to be shown [39,59], the above lines of
evidence together with cellular and developmental processes
in other model animals suggest the possible involvement of
HSPGs in other signalling pathways apart from FGF in early
mouse embryogenesis. To address these issues more explicitly,
it is necessary to examine whether the local distribution of
growth factors is correctly matched with cell-surface-tethered
HSPGs at the single-cell level in wild-type and HS-deficient cells.

Cell surface HSPGs can also alter the distribution of growth
factors by trapping other interacting proteins for growth factors
and thereby generating sharp gradients of signalling activity.
Gradients of BMP signalling activity are considered to be estab-
lished by a number of inhibitory binding proteins for BMP,
such as Chordin and Noggin [60]. Chordin is thought to readily
diffuse in tissues, thereby forming gradients of BMP inhibition
that result in reciprocal gradients of BMP signalling. Notably,
retention of Chordin to the cell surface in the mouse embryo
is dependent on cell-surface-tethered HSPGs (e.g. syndecans),
but not on ECM-associated HSPGs (e.g. perlecan) [61]. More-
over, mammalian Twisted Gastrulation, the secreted protein
that enhances Chordin inhibitory activity on BMP, so that it
sharpens BMP signalling gradients by acting as a cofactor, is
able to interact with heparin only after heparin is pre-bound
to Chordin and/or BMP-4. Therefore, Chordin—-HSPG inter-
actions might be prerequisite for the antagonism of BMP
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signalling by Chordin as well as the retention of Chordin to the
cell surface [61]. Similarly, HS chains are also crucial for the
binding of Noggin to the cell surface [34; also see below].
These several lines of evidence suggest that in addition to
interactions between HS and growth factors, interactions
between HS and diffusible antagonists of growth factors con-
tribute to the extracellular distribution of growth factors
during embryogenesis (figure 2).

Consistent with the notion that HSPGs play a crucial role in
the stable retention of multiple growth factors, precise trans-
mission electron microscopy and photothermal heterodyne
imaging have revealed that the spatial distribution of the
FGF2 protein around the cell surface is highly divergent, ran-
ging from several nm to several pm, which can be considered
to correspond to the length from HS chains (40-160 nm) to
the entire cell size [62]. This finding may support the idea that
FGF proteins are localized on the cell surface by translocating
FGF-binding sites of HS chains.

Cell surface HSPGs also mediate endocytosis of the complex
of growth factors and their receptors, although the exact role of
HSPGs in the cell-surface receptor for diverse macromolecular
cargo is still controversial [63] (figure 2). Core-protein moieties
of transmembrane-type HSPGs, syndecans, can contribute
to endocytosis of the FGF-FGFR complex [64]. Syndecans are
composed of three distinct domains that can interact with
several proteins and participate in different functions: an extra-
cellular domain linking to the HS chains, a transmembrane
domain for self-clustering, and a cytoplasmic domain for inter-
acting with multiple proteins for signal transduction, cell
migration and macropinocytosis [65]. Among these three
domains, the cytoplasmic domain appears to promote FGF sig-
nalling activity by endocytosis of the FGF—~FGFR complex [64].
Therefore, the efficiency of endocytosis of FGF ligands or
FGF-FGFR complexes can be translated into FGF signalling
activation as recently proposed [66].

Glypicans, which are GPI-anchored-type HSPGs, can also
contribute to endocytosis of the ligand-receptor complex.
Glypicans antagonize the effect of a BMP type I receptor,
which is able to downregulate BMP signalling by receptor-
mediated endocytosis of BMP. This suggests that glypicans
may regulate the local retention of BMP at the cell surface,
signalling activity by disrupting receptor-mediated internal-
ization and degradation of the BMP-receptor complex [67].
Endocytosis of glypicans from the apical surface of Hh-
receiving cells involves internalization of the complex of Hh
and its receptor Patched [68]. The co-internalization of glypi-
can with the Hh-Patched complex is dynamin-dependent
and necessary for strong Hh signalling. In addition, Wingless,
a fly Wnt homologue, is secreted apically in the epithelium,
and the apicobasal trafficking of the glypican allows transcy-
tosis of Wnt ligands for spreading along the basolateral
compartment. Thus, endocytosis through cell-surface-tethered
HSPGs, i.e. glypicans, may be a common regulatory
mechanism of both Hh and Wnt ligands for signalling
action [68,69].

(b) Heparan sulfate proteoglycans released by shedding
cn transport or move growth factors by

modulating their distribution
Enzymatic cleavage of HSPGs tethered to the cell surface by
proteinases, heparanases or Notum gives rise to the release of

HSPGs from the cell membrane, which can facilitate growth
factor dispersal or movement through the extracellular space
(reviewed in [14,16,18]) (figures 1 and 2). A secreted serine pro-
tease, HtrA1, can cleave cell surface-tethered HSPGs, including
biglycan, syndecan 4 and glypican 4, and spread HS as well as
dermatan sulfate for long-range FGF signalling activation
during mesoderm formation, and neuronal differentiation in
Xenopus [70]. In early mouse embryos, the non-cell-auton-
omous roles of HSPGs in FGF signalling activation appear to
be dependent on serine proteases during extraembryonic ecto-
derm development [39]. Given that proper FGF signalling
activation is blocked by specific inhibitors for serine proteases
but neither by inhibitors specific for actin polymerization
nor inhibitors for several other types of proteolysis, the
spread of FGF signalling activation in the extraembryonic
ectoderm would probably involve serine protease-dependent
cleavage of HSPGs rather than actin-dependent cytoneme-
and transcytosis-mediated processes [39]. These findings
support the hypothesis that shedding, i.e. cleaving HSPGs
by serine proteases, allows for diffusion by releasing cell-
surface-bound FGF or FGF-FGFR complexes together with
HS chains, and consequently directs FGF signalling activation
in a cell non-autonomous manner.

Cleavage of HS chains by endoglycosidases such as a
heparanase promotes FGF dispersal. With heparanases, the
complex of HS chains and growth factors detached from
core-proteins can be diffused at a long distance. This process
will enhance signalling activation primarily by altering the
distribution of HS chains and FGEF. Indeed, heparanase-
released HS chains become more bioactive than the original
and native HS chains covalently linked to core-proteins
[71,72]; heparanase releases FGF10 from perlecan in the base-
ment membrane (basal lamina) and promotes FGF signalling
for branching morphogenesis [21,72].

Notum, which releases the GPI-anchored glypicans
from the cell surface, can modulate the distribution of
growth factors in a context-dependent manner. For Wnt,
loss and gain of Notum alter the gradient of Wnt ligands in
the extracellular space by detaching glypicans from the cell
surface, thereby leading to increased and reduced activity
in Drosophila [73]. By contrast, for Hh signalling, Notum
appears to promote internalization of Hh together with glypi-
cans and its Patched receptor and to activate signalling at a
higher level [74,75]. Thus, release of glypicans with Notum
provides a switch from low- to high-level signalling by releas-
ing the ligand from the cell surface and promoting
internalization of the ligand-receptor complex.

HSPGs are also suggested to be involved in extracellular
spreading of the Hh family members via interaction with
lipoprotein particles [76] (figure 2). Hh can act directly as
long-range morphogens, and their activity is closely linked to
the formation of freely diffusible multi-mers from the lipidated,
cell-surface-tethered monomer. Notably, HSPGs can interact
with lipoprotein particles, which participate in morphogen
spreading for Hh signalling in Drosophila [76]. More specifi-
cally, membrane-associated glypicans recruit lipoprotein
particles to the membrane, and remain associated with these
particles after they are released from the membrane by clea-
vage of the GPI anchor of glypicans. In addition, shifted,
the orthologue of the human Wnt inhibitory factor, which co-
localizes Hh and interacts with HSPGs in the ECM, is required
for Hh stability and for lipid-modified Hh diffusion [77]. Thus,
HSPGs can regulate Hh diffusion and stability through the
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shifted protein. Consistent with these findings, in mammalian
cell cultures, the release of soluble and oligomerized Shh from
the membrane is considered to be mediated by HS-dependent
mechanisms [78—-80]. These data suggest that HSPGs can influ-
ence lipid-linked growth factor signalling—at least in part—by
binding to lipoproteins. Similarly, the extracellular movement
of BMP family members appears to be mediated by cell-
surface-tethered HSPGs. Decapentaplegic, Drosophila BMP, fails
to move across cells with mutations for dally and dally-like,
two Drosophila glypican members of transmembrane-type
HSPGs [81]. Belenkaya et al. [81] have proposed a model in
which BMP moves along the cell surface by restricted extra-
cellular diffusion involving these glypicans but not dynamin-
mediated endocytosis. Transmembrane-type HSPGs bind
BMP via lipoprotein crossveinless d for BMP movement, prob-
ably as a part of the lipid—BMP-lipoprotein complex [82].
Although it is not certain that enzymatic cleavage of glypicans
is required for the BMP movement, this process may be similar
to the mechanism for the lipoprotein transport of Hh as
described above. Thus, cell-surface-tethered HSPGs detached
from the membrane appear to be involved in non-cell-auton-
omous spreading of multiple growth factors.

(c) Extracellular matrix-associated heparan sulfate
proteoglycans control the dispersal of growth

factors as a reservoir or barrier
ECM-associated HSPGs can contribute to the distribution of
growth factors as a reservoir or barrier depending on their cel-
lular context (figures 1 and 2). First, HSPGs are considered
to trap diffused growth factors in the ECM as a reservoir
and supply the growth factors for target cells on occasion.
Second, they prevent passive diffusion of growth factors over
longer distances, instead confining ligands to the vicinity of
the produced cells. In the former case, although it remains
uncertain whether ECM-associated HS chains can stabilize
the FGF-FGFR complex formation directly or indirectly via
sheddases, they are capable of enhancing FGF signalling to
some extent. One of the ECM-associated HSPGs, perlecan,
can form ternary complexes with FGF18 and FGFR3 in an
HS-dependent manner and is essential for normal cartilage
development [83]. Another ECM-associated HSPG, agrin, is
involved in the formation of neuromuscular junctions and
increases the activity of neurite outgrowth through the
FGF2/FGFR-dependent pathway [84]. Together, these find-
ings suggest that HSPGs play crucial roles in the stable and
local retention of FGF as a co-receptor for FGF signalling acti-
vation. To give an example of the latter case, among FGF
ligands, FGF9 and FGF20 can form homodimers reversibly,
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