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The complex pathways of Wnt 5a in cancer progression
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Abstract In contrast to the transforming members of the Wnt
family, shown to be upregulated in many cancers, the role of
Wnt 5a is still controversial. While it has been attributed a
tumour suppressor function in some malignancies, there is
increasing evidence of promigratory and proinvasive effects in
others, mediated predominantly through the planar cell
polarity pathway and activation of protein kinase C. Obvi-
ously, the outcome of an individual Wnt 5a signal is
dependent on a multitude of variables, ranging from avail-
ability of receptors, downstream effectors, and inhibitors to
external influences coming from the tumour microenviron-
ment and the extracellular matrix.
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Introduction

Wnt ligands belong to a family of at least 19 secreted
glycoproteins with multiple functions in cell proliferation
and migration, as well as tissue organisation. They are best
known for their role in embryonic development and in
tissue homeostasis in the adult organism (for recent reviews
see [1] and [2]). However, the same capabilities, which are
beneficial during ontogeny, render them powerful contrib-
utors to cancer initiation and progression in case of
deregulation.

Among the multitude of Wnts, we will focus in this
study on Wnt 5a, which in the past has been outshone in the
field of cancer research by the oncogenic members of the
family, such as Wnt 1, 3 and 7. In contrast to its intensely
investigated relatives, Wnt 5a lacks transforming activity
[3, 4]. It does not typically signal via the canonical β-
catenin pathway, which is known to be involved in (cancer)
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stem cell renewal [5] and whose constitutive activation is
the critical event in the majority of colon cancers (reviewed
in [6]). Despite the lack of comparatively well-defined
clinical models, recent data provide strong evidence that
Wnt 5a also plays an essential role in cancer, contributing
not so much to its initiation but more to malignant
progression. However, the exact nature of this role, either
as a tumour suppressor or promotor, is still controversial.

Signalling pathways of Wnt 5a

Wnt 5a has been classified as a so-called non-canonical
ligand, which uses alternative signalling pathways in
contrast to the canonical Wnt 1-type ligands. Signal
transmission through either of these pathways has been
considered mutually exclusive. However, recent data
suggest a much more complicated transduction pattern
(Fig. 1).

The canonical cascade is activated by simultaneous
binding of Wnt 1-type ligands to receptors of the Frizzled
(Fz)-family and the co-receptor low density lipoprotein-
related protein (LRP) 5/6 (reviewed in [1, 2]). This recruits
the multidomain protein dishevelled (Dvl; reviewed in [7]) to
the cell membrane and leads to the inactivation of a
destruction complex, which keeps the concentration of
transcriptionally active β-catenin low in the absence of
Wnt stimulation. Released β-catenin then translocates into
the nucleus, binds to transcription factors of the TCF/LEF-
family (T cell factor/lymphoid enhancer factor) and activates
the transcription of target genes [8], such as c-myc [9],
matrix metalloprotease-7 (mmp-7) [10] and fibronectin [11].

Non-canonical signalling by Wnt 5a activates the planar
cell polarity (PCP) and the Wnt/Ca2+ pathway. Signalling
through the latter occurs predominantly via Fz 2 and is

mediated by increased intracellular Ca2+-realease [12, 13].
This stimulates protein kinase C (PKC), nuclear factor
associated with T cells (NFAT) or calmodulin-dependent
kinase II (CamKII). Channelling of Wnt 5a-signals into the
PCP pathway is mediated by the PDZ and DEP regions of
Dvl and results in activation of the small Rho-GTPases
RhoA and Rac [7]. They, in turn, induce the Rho-associated
kinase (ROCK), leading to reorganisation of the cytoskele-
ton, as well as activation of the Jun-N-terminal kinase (JNK).
The latter phosphorylates c-jun and transcriptionally activates
AP-1. Wnt 5a-triggered PCP signalling mediates epithelial
cell polarity in Drosophila development and convergent
extension movements during vertebrate gastrulation [14,
15]. Recently, Wnt 5a has also been shown to be critical for
PCP signalling in mammalians, where it is involved in
embryonic development of the cochlea in mice [16].

There are multiple ways how the non-canonical Wnt 5a-
cascades can interact with the canonical pathway. Signalling
through CamKII or other GSK-3-independent mechanisms
exerts an antagonistic effect [13, 17, 18]. Alternatively, Wnt
5a can bind to the receptor tyrosine kinase Ror2 [19, 20],
which results in Rho GTPase-independent activation of
JNK and also inhibits canonical signalling [21]. On the
other hand, Wnt 5a has been shown to stabilise β-catenin
via PKC [22]. Phosphorylation of c-jun by JNK acts
synergistically with TCF/LEF on the promoter of the
canonical target gene c-jun [23]. In the presence of
appropriate receptor constellations, Wnt 5a is even able to
directly activate canonical signalling, as has been shown by
simultaneous overexpression of Wnt 5a and Fz 5 in
Xenopus [24] and Fz 4 and LRP 5 in human embryonic
kidney cells [21].

Obviously, there are multiple options for transduction of
Wnt 5a signals, which are closely cross-linked. General
prediction of its signalling output is difficult, as it is not
only regulated by the characteristics of the protein itself but
is also controlled by availability of receptors and other
mediators of the signalling cascade and by the presence of
natural inhibitors, such as the secreted Fz-related proteins
(sFRP) and the members of the Dickkopf (DKK) family
(reviewed in [25, 26]).

Physiologic effects with implications for cancer
progression

Usually, malignancies are a problem of the adult organism.
Thus, it seems likely that of the multitude of Wnt 5a
functions predominantly those are involved in tumour
promotion, which play a role also beyond embryonic
development. Wnt 5a effects on migration, invasion and
angiogenesis in adult tissues are of special interest, as they
are, on the one hand, necessary for tissue homeostasis and

Fig. 1 Signaling pathways initiated by Wnt 5a (β-Cat β-catenin,
CamKII calmodulin-dependent kinase II, Dvl disheveled, Fz frizzled,
JNK Jun-N-terminal kinase, LRP 5/6 low-density lipoprotein receptor-
related protein, NFAT nuclear factor of activated T cells, PKC protein
kinase C, ROCK RhoA/Rho kinase, TCF/LEF T cell factor/lympho-
cyte enhancer factor)
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repair, on the other, known as critical steps of cancer
progression. E.g. Wnt 5a can activate the PCP pathway and
induce actin reorganisation. Interestingly, upregulation of
mediators of PCP signalling, the Rho GTPases, is found in
many metastatic cancers [27, 28], as acquisition of a motile
cell phenotype via cytoskeletal rearrangement is a prerequi-
site for cancer dissemination.

In the embryo, Wnt 5a is localised to the distal
compartments of several developmental systems that extend
from the primary body axis, such as limbs, genitals, face
and outer ear. Mice lacking Wnt 5a show defects in these
structures, including loss of tail and digits as well as
shortening of the body axis, mandible, head and tongue
[29]. Wnt 5a regulates lung branching, as it is normally
expressed in the distal lung bud, and its complete loss leads
to severe, perinatally lethal defects in lung development
[30]. The ability of Wnt 5a to induce spatially defined
outgrowth of tissues can also be observed in the adult
organism. In the terminal end buds of the breast, it regulates
postnatal branching morphogenesis in the maturing mam-
mary gland, a process which closely mirrors embryonic
lung development [31]. Moreover, Wnt 5 has been
described in so-called side population cells of the mammary
gland, a subpopulation with cancer stem cell characteristics,
which has been implicated in tumorigenesis [32]. Interest-
ingly, the majority of early disseminated breast cancer cells
in the bone marrow display a stem cell-like phenotype, in
contrast to their non-metastatic counterparts in the primary
tumour [33].

Wnt 5a is expressed in the mesenchymal compartment of
the uterus, where it is required for the development of
epithelial glands that are essential for mature function [34].
It is also involved in the mesenchymal–epithelial interac-
tions during trophoblast invasion [35] by increasing
trophectoderm cell migration in a ROCK-dependent man-
ner [36]. Invasion, be it benign or malignant, requires
remodelling of adjacent tissues through induction of
MMPs. MMP-7, usually considered a target of canonical
signalling, has recently been shown to be upregulated by
Wnt 5a [37] and by other non-canonical signals [38]. In
addition to its general proteolytic function, it can serve as a
shedding protease for TNF-α, a cytokine well-known for its
tumour-promoting activity [39]. Wnt 5a induces production
of MMP-1 in mouse mammary epithelial [40] and in
cultured endothelial cells [41]. In the latter, it enhances the
formation of capillary-like networks, another critical step in
tumour progression.

Wnt signalling is necessary for normal skin development
and hair follicle morphogenesis in the embryo (reviewed in
[1] and [5]). However, the adult skin is capable of
responding to the same morphogenetic signals. Wound
repair after full-thickness skin loss is associated with
enhanced Wnt signalling: β-catenin-independent within

the wound and β-catenin-dependent in adjacent regions.
Despite the precisely orchestrated Wnt activation and the
presence of multipotent epidermal stem cells in the imme-
diate neighbourhood, this usually leads to functionally
inferior scar tissue with only one single epithelial layer. True
regeneration with epithelial appendage formation can be
achieved by forced expression of Wnt 5a in mesenchymal
cells of the deeper dermis [42]. The repopulating interfol-
licular epithelial cells migrate along the morphogenetic Wnt
5a-gradient into the wound tissues, forming large keratin-
containing epithelial cysts, small sebaceous glands and
rudimentary hair follicles. No tumours could be observed.
Nevertheless, it is tempting to speculate that this may
represent a benign equivalent of malignant invasion, which
may occur, when the gradients of morphogenetic signals are
not provided in the correct environmental context.

Expression in cancer tissues and clinical impact

Considering the complexity of the Wnt signalling cascades
and the multitude of regulating factors, it is not surprising
that the data on expression of Wnt 5a in cancer tissues are
contradictory. Aberrant Wnt 5a mRNA and/or protein
expression has been demonstrated in a variety of cancers
of epithelial and mesenchymal origin.

Consistent with the concept of Wnt 5a as a tumour
suppressor, it has been found downregulated in comparison
to the respective normal tissue in endometrial cancer and
high-risk neuroblastomas [43, 44]. In contrast to human
peripheral blood B and myeloid cells, where Wnt 5a
transcripts were readily detectable, they were absent or
greatly reduced in the respective acute leukemias [45]. Loss
of expression was associated with dedifferentiation in
thyroid carcinomas [46], shortened survival in stage Dukes
B colon cancer [47] and with advanced stage and metastatic
disease in breast cancer [48]. Although Wnt 5a was an
independent variable upon multivariate analysis, the posi-
tive effect of Wnt 5a expression on breast cancer survival
was detectable predominantly in women with concomitant
overexpression of the non-receptor tyrosine kinase Syk [49]
suggesting cross-talk with other signalling pathways.

On the other hand, Wnt 5a expression has been described
to be associated with aggressive tumour biology and poor
clinical outcome. It was found overexpressed in comparison
to the respective normal tissues in cancers of the lung, breast,
prostate, and nasopharynx [50–53]. Wnt 5a was upregulated
during early pancreatic cancerogenesis, its levels continu-
ously increasing from intraepithelial neoplasias to overtly
invasive adenocarcinomas [54]. In human squamous cancer
cells [55], Wnt 5a expression was associated with loss of E-
cadherin and epithelial–mesenchymal transition (EMT),
which is a key step in metastasis.
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Wnt 5a-positivity of non-small cell lung cancers was a
significant predictor of shortened survival upon multivariate
analysis [56]. In gastric cancers, Wnt 5a-positivity was
correlated with advanced stages and poor survival [57].
Gene expression studies identified Wnt 5a as one of the most
robust markers of aggressive behaviour of cutaneous
melanomas [58], which was supported by the detection of
a direct correlation between immunohistologic Wnt 5a-
positivity and high tumour grade [59]. The same correlation
between Wnt 5a expression and advanced tumour stage with
higher rate of lymph node involvement was found in colon
cancer [60]. Interestingly, Wnt 5a mRNA was not present in
the tumour cells themselves, but in macrophages within the
tumour stroma, pointing to a role of the benign tumour
surrounding as a source and regulator of the Wnt network.

Functional effects in cancer

The ambiguity of the mentioned findings is reflected by the
controversial results of the functional studies. A tumour
suppressor effect was described in Wnt 5a +/− mice.
Haematopoetic progenitor cells showed increased prolifer-
ation upon reduction of Wnt 5a expression due to down-
regulation of CamKII activity. This presumably facilitates
acquisition of additional genetic abnormalities and may
explain the observed increased incidence of haematologic
malignancies in these animals [45]. Transformation of
C57MG mammary epithelial cells via Wnt 1 overexpres-
sion could be partially reverted by the presence of ectopic
Wnt 5a [61]. In the human mammary cell line HB2, Wnt 5a
abolished hepatocyte growth factor-stimulated migration
and enhanced cell-to-collagen binding via the discoidin
domain receptor 1 [62]. Similarly, the migratory capacity of
the highly invasive colon cancer cell line SW 480 was
inhibited by addition of Wnt 5a [47]. A synthetic hexapep-
tide, based on the sequence of Wnt 5a, mimicked this effect
in a Wnt/Ca2+-dependent way [63]. Transfection of Wnt 5a
in thyroid carcinoma cell lines lead to increased intracellu-
lar Ca2+-release and activation of CamKII [46]. This was
followed by downregulation of migration, invasiveness and
clonogenicity as well as by membrane translocation of β-
catenin.

The latter finding suggests that many of these results
may be due to negative interference of Wnt 5a with the
canonical pathway, particularly, when it signals via Cam-
KII. Most of the above investigated cell lines owe their
migratory capacity to an either constitutively or artificially
activated β-catenin cascade. It stands to reason that cells
with unaltered β-catenin signalling will not necessarily
respond in the same way.

In fact, there is a preponderance of observations of Wnt
5a-induced tumour-promoting effects in other systems.

Scratch assays with HUVEC cells showed reduced migra-
tion into wounded areas upon reduction of Wnt 5a
expression via shRNA [41]. Wnt 5a enhanced cell
migration in mouse embryonic fibroblasts [64] via Ror2-
induced filopodia formation and actin reorganisation.
Knock-down of Wnt 5a inhibited migration of HeLaS3
cells, while its addition stimulated adhesion-dependent
migration and invasion of NIH3T3 and L cells [57]. This
was associated with an increased number of lamellipodia
and with activation of focal adhesion kinase and accelerated
turnover of paxillin in these structures.

Wnt 5a was identified as a downstream target of the
homeobox transcription factor CUTL1 in pancreas carcino-
ma cell lines, where it mediated CUTL1-induced enhanced
migration and invasion [54]. In melanomas, Wnt 5a
stimulated motility of the cancer cells via activation of
PKC [59]. PKC inhibition in cells with high Wnt 5a
expression resulted in marked prolongation of wound
closure in scratch assays [65]. Wnt 5a upregulated CD 44,
a tumour cell homing and metastasis-associated gene.
Additionally, it triggered expression of vimentin, an
intermediate filament protein, and activation of the tran-
scriptional repressor snail, which, in turn, downregulated E-
cadherin and stimulated production of MMP-2. Obviously,
Wnt 5a can potentiate melanoma metastasis by inducing
EMT. The fact that EMT was easily reversible upon Wnt 5a
downregulation could suggest it as a potential target for
therapeutic strategies, at least in melanomas.

Apart from tissue-specific variations in receptor expres-
sion and signalling pathways, it seems very likely that
differences in the applied experimental systems additionally
contribute to the cited contradictions. With a morphogen
such as Wnt 5a, the slope of a given concentration gradient
and the direction, from which it hits the cell, is of essential
significance. In consequence, tools like ectopic overexpres-
sion or assays in an unphysiological surrounding, such as
plastic surfaces, will most probably yield results, which are
not transferable to other contexts, let alone the in vivo
situation.

Wnt 5a and the tumour microenvironment

The role of the benign microenvironment for tumour
progression has only recently come into focus. Migration
and invasion are not only dependent on the biological
characteristics of the tumour cells themselves, but are
subject to influences from the surrounding tissue compart-
ment, which contains cells of the innate and adaptive
immune system, fibroblasts, endothelia and extracellular
matrix (ECM).

ECM is mainly composed of collagens, fibronectin,
laminins, elastin and glycosaminoglycans. For a long time
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considered a mere structural scaffold for the embedded
epithelial cells, it is now known to be a dynamic signalling
network, which can either give rise to or modulate the
activity of signalling molecules (reviewed in [66, 67]). Due
to their chemical structure, the lipid-modified Wnt ligands
(reviewed in [68]) are predestined for modification by the
ECM. They bind to heparan sulphate proteoglycans, which
influences their transport from cell to cell and alters their
signalling activity [69]. Much of the secreted Wnt 5a—if
correctly palmitoylated—is bound to components of the
ECM [70]. Chemical linkage very likely interferes with the
establishment of morphogenetic gradients, needed especially
for directional cell movement, cell polarity and the organi-
sation of tissues.

Apart from direct modification of Wnt effects, ECM and
the benign cells of the stromal compartment provide a
variety of molecules, which are known to induce accumu-
lation of β-catenin and EMT (reviewed in [71]). Nuclear
localisation of β-catenin is found especially at the invasive
front of colon cancers [72]. This supports the assumption
that regulatory effects from the microenvironment addition-
ally contribute to the constitutive activation of canonical
signalling due to loss of APC function or β-catenin
mutations in the tumour cells. For non-canonical Wnt
signalling, the situation is less clear. However, the fact that
Wnt 5a in melanomas was not expressed homogenously, but
predominantly at the leading edge of invasion [59], is highly
suggestive of interactions between tumour and stroma.

Wnts are not only produced by the malignant but also by
the benign cellular components of the tumour [73]. In this
context, the role of the tumour-associated macrophages
(TAM) is of special interest. TAM contribute to malignant
progression by enhancing invasiveness via upregulation of
MMPs and production of TNF-α as well as other tumour-
promoting cytokines (reviewed in [74, 75]). It is still largely
unclear what switches them from their usual proinflamma-
tory, cytotoxic to a tumour-permissive, proinvasive pheno-
type. A possible explanation comes from recent data,
demonstrating that co-culture of macrophages with other-
wise weakly invasive breast cancer cells induces upregula-
tion of Wnt 5a in the former and enhances invasiveness in
the latter [37, 76]. Although a functional canonical pathway
in the tumour cells was a necessary prerequisite, non-
canonical signalling via the JNK-pathway was critical for
this effect. Consistent with the description of Wnt 5a-
positive TAM in colon cancers [60], Wnt 5a could also be
detected in TAM in primary breast cancers and, in
particular, at the invasive front of lymph node metastases,
underlining the biological significance of these findings.

Apart from its pro-migratory function, this suggests a
role for Wnt 5a as a potential immune modulatory agent.
The concept is further supported by the observation that
Wnt 5a is upregulated in macrophages in granulomatous

lesions due to infection with Mycobacterium tuberculosis
[77], a condition sharing many common features with the
“inflammatory reaction” in cancers.

Conclusion

Taken together, there is strong evidence that Wnt 5a is
involved in cancer progression. Although in part still
controversial, many findings point to a pro-migratory and

Fig. 2 Hypothetical model of intratumoral Wnt 5a signalling and its
potential effects A tumor promoter function of Wnt 5a has been
described predominantly as a result of signaling through PKC and the
PCP pathway, while activation of CamKII was associated with tumor
suppressor effects. The outcome of an individual Wnt 5a signal
obviously depends on which signaling cascades are activated/
inactivated in a special context. Apart from the availability of
receptors and downstream effectors on/in the tumor cells themselves
(T tumour cells), this is influenced by the surrounding stromal
compartment, containing benign cells (F fibroblasts, L lymphocytes,
M macrophages) and extracellular matrix (ECM). Wnt 5a, produced
by the tumor cells, can act in an either autocrine or paracrine fashion
on adjacent malignant and benign cells. Wnt 5a can also be produced
by stromal cells, thus providing different directional gradients, which
can be further modulated by chemical linkage to components of the
ECM. Secreted physiological inhibitors, presence of other ant/
agonistic Wnt ligands and promigratory molecules from the stromal
compartment, e.g. laminin-5 and cytokines, additionally interfere with
signalling and functional effects
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pro-invasive role of Wnt 5a. However, its function either as
a tumour suppressor or promotor is obviously dependent on
the individual intra- and intercellular context. Not only the
presence of receptors, downstream effectors and inhibitors but
also interactions between different cell types and modulation
of Wnt 5a gradients by matrix components influence the
complex signalling network and determine the actual signal-
ling output (Fig. 2). In general, Wnt 5a signalling seems an
attractive target for specific anticancer strategies. However,
to achieve this goal, the mentioned variables have to be
clarified in more detail, and models to predict the individual
signalling outcome have to be developed.
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