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Wnt/β-catenin canonical pathway is critical for normal embry-
onic development; mutations and aberrant expression of specific 
components of this pathway can be oncogenic. Mitogen-activated 
protein kinase (MAPK) pathways, prominent in intracellular 
signaling, have been shown to have unique and provocative 
roles that impact the Wnt/β-catenin signaling. We discuss recent 
insights that implicate the three major pathways of the MAPK 
network, i.e., mediated by p38, c-Jun N-terminal (JNK) kinase 
and Extra-cellular-Regulated Kinases (ERK) and their downstream 
signaling elements in Wnt/β-catenin signaling. Novel “crosstalk” 
among MAPK and Wnt/β-catenin canonical signaling pathways is 
essential. A fuller understanding of how such signaling is integrated 
during development is a high-value target for future research.

Introduction

Mitogen-activated protein kinases are a family of signaling 
molecules whose activity is regulated in response to a variety of 
stimuli, including growth factors, cytokines, or even environmental 
stress. MAPKs are the primary end points for a cascade that included 
upstream activation of MAP kinase kinase kinases (e.g., MAPKKK, 
MAP3K) that phosphorylate MAP kinase kinases (e.g., MAPKK, 
MAP2K) that, in turn, phosphorylate the MAPKs themselves (i.e., 
p38 MAPK, JNK1/2 and ERK1/2) (Fig. 1).1,2 MAPK pathways of 
this level of complexity and reversible phosphorylation/dephospho-
rylation constitute a large set of targets for input from cell signaling 
molecules not routinely associated with their operation, especially 
the canonical Wnt/β-catenin signaling.

Wnt signaling is essential for normal embryonic development, 
patterning and cellular proliferation; dysregulation of the function/
expression of components of this pathway is linked to many forms 
of human cancer.3-6 Wnt ligands bind to G-protein-coupled recep-
tors, termed “Frizzleds” (Fzs) and initiate intracellular signaling 
cascades (Fig. 2).7,8 The Wnt-sensitive pathways include not only 
the “canonical” Wnt/β-catenin,7,9 but also the non-canonical planar 

cell polarity and Wnt/cyclic GMP/Ca2+ pathways.10-14 In the 
absence of Wnt, cellular β-catenin is phosphorylated by the Serine/
Threonine protein kinase, glycogen synthase kinase-3β (GSK3β), 
which is a component of a large multiprotein complex that includes 
the scaffold Axin and the product of the adenomatous polyposis coli 
gene. This complex is referred to as a “destruction complex” since it 
catalyzes the ubiquitination and proteasome-mediated degradation 
of β-catenin when Wnts are not present. Wnt3a binding to Fz1 acti-
vates G-proteins, Gαo and Gαq and the downstream phosphoprotein 
Dishevelled (Dsh/Dvl), provoking reduced GSK3β kinase activity, 
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Figure 1. Mitogen-activated protein kinase pathways. Mitogen-activated 
protein kinase (MAPK) pathways are stimulated by a variety of extra-cellular 
stimuli, including, growth factors, cytokines or environmental stress. The 
MAPK cascades constitute three sequentially activated kinase complexes. 
MAPKs, which include p38, c-Jun N-terminal kinase (JNK) and Extra-cellular 
regulated kinase (ERK) are substrates for phosphorylation by MAP kinase 
kinases (MKKs). The MAP kinase kinases are in turn phosphorylated by 
MAP kinase kinase kinases (MEKKs). The activated MAPK ultimately induce 
an appropriate cellular response. Different stimuli activate either p38 or JNK 
or ERK pathways via different combinations of MEKKs and MKKs. Note: for 
more information on MAP kinase proteins and their upstream kinases refer 
to Dong et al.2
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decreased phosphorylation of β-catenin by the 
complex, and increased stability and accumulation 
of intracellular β-catenin. Nuclear accumulation of 
β-catenin provokes activation of lymphoid-enhancer 
factor/T-cell factor (Lef/Tcf )-sensitive transcription 
of developmentally-related genes (Fig. 2).15,16 The 
central role of β-catenin in this canonical pathway 
is highlighted in studies of human cancers. In colon 
cancer, cells display increased levels of β-catenin 
that appear to result from high-frequency muta-
tions in the adenomatous polyposis coli (APC) 
protein.17 Mutations in β-catenin itself were also 
found to be responsible for several colon and other 
types of human cancers.18,19 The majority of the 
mutations of β-catenin reported are potential sites 
of GSK3β phosphorylation.20,21 Intracellular levels 
of β-catenin are tightly controlled, suggesting that 
multiple signaling pathways may be involved in 
regulating β-catenin levels and β-catenin-induced 
gene transcription. In this review, we highlight 
novel roles of the three MAPKs; p38 MAPK, c-Jun 
N-terminal kinase (JNK) and Extra-cellular regu-
lated kinases (ERK) in the canonical Wnt/β-catenin 
signaling.

p38 MAPK

p38 is a family of MAPKs, highly conserved from 
yeast to mammals. p38 MAPKs also are activated 
in response to many extracellular stimuli including 
growth factors, cytokines and environmental stress.22 
Interestingly, Wnts have been reported to be capable 
of activating p38 MAPKs.23-25 In mesenchymal 
stem cells (MSCs), Wnt4 mediated activation of 
p38 MAPK was reported to be critical for enhancing 
osteogenic differentiation of MSCs.24 Similarly, in 
C3H10T1/2 mesenchymal cells, Wnt3a induced transient activa-
tion of p38 and ERK MAPKs, which in turn regulate alkaline 
phosphatase activity and mineralization of nodules, suggesting a 
critical role for p38 in the progression of mesenchymal cells into 
osteoprogenitors.25 Wnt3a was shown recently to stimulate p38 
MAPK activation in totipotent mouse F9 teratocarcinoma cells: 
this activation of p38 by Wnt was shown to be dependent both 
on heterotrimeric G-proteins and Dishevelleds (Fig. 3).23 More 
remarkably, Wnt-stimulated activation of p38 MAPK appeared 
to be regulating the canonical Wnt/β-catenin signaling.23 The 
mechanism by which Wnt stimulated the p38 MAPK activation and 
regulated canonical Wnt/β-catenin signaling was unclear. Reports 
of a novel role for p38 MAPK in regulating GSK3β inactivation 
may provide some insight.23,26 By utilizing specific chemical inhibi-
tors, gene-targeting small interfering RNAs (siRNAs), or expression 
of kinase-dead mutants of p38 MAPK, Wnt3a stimulation of 
p38 MAPK was shown to inactivate GSK3β. The loss of GSK3β 
function provoked an increase in cytosolic β-catenin accumula-
tion and Wnt-sensitive gene transcription.23 Thornton et al. have 
demonstrated that p38MAPK can phosphorylate GSK3β at Thr390 
(corresponding to Ser389 in the mouse), inactivating GSK3β’s kinase 
activity.26 Thus, Wnt3a activates p38 MAPK and this p38 pathway 

feeds into the canonical Wnt/β-catenin pathway minimally at the 
level of GSK3β (Fig. 3).

c-Jun N-terminal Kinase (JNK) or Stress-Activated Protein 
Kinase (SAPK)

JNKs are activated in response to cytokines, UV irradiation or 
growth factor depletion, hence the name SAPKs. During Wnt signaling, 
activation of JNK is critical for the planar cell polarity pathway (PCP). 
Wnt ligands activate JNK in F9 teratocacrcinoma cells,10 HEK 293 
cells11 and also in WEHI-231, BAJI and Raji B-cells.27 The Wnt3a-
induced JNK activation operates via a pathway that is dependent on 
heterotrimeric G-proteins and Dishevelleds (Fig. 3).10 Interestingly, 
apart from this central role in the Wnt-induced PCP pathway, JNKs 
also regulate the canonical Wnt/β-catenin pathway.10,28 Treating cells 
with a highly-specific JNK inhibitor, SP600125, was found to atten-
uate Wnt-induced Lef/Tcf-sensitive gene transcription.10 Expression 
of kinase-dead mutants of the upstream protein kinases of the JNK 
MAPK cascade (RhoA, Rac1, Cdc42 and MEKKs), in contrast, had 
no significant effects on Wnt/β-catenin signaling.10 Interestingly, 
JNK was found to regulate only the Wnt-induced Lef/Tcf-sensitive 
transcription (as measured by the Topflash luciferase activities). While, 

Figure 2. Wnt/-catenin signaling pathway. Wnts are secreted glycoproteins that bind to 
their cognate receptors, Frizzleds. Frizzleds belong to a family of heptahelical, G-protein-
coupled receptors that bind specific Wnts and transduce the signal to downstream signalling 
pathways. Under basal conditions, cellular -catenin is phosphorylated by a Serine/Threonine 
kinase, Glycogen Synthase Kinase-3 (GSK3) in a complex along with Axin, adenomatous 
polyposis coli (APC) and other elements. The phosphorylated -catenin is constantly subjected 
to a proteasome-mediated degradation. Wnt-activated Frizzled (with its co-receptor low-density 
lipoprotein-related receptor protein-6 (LRP6)) activate the downstream signalling components 
including G-proteins, Go and Gq, and a phosphoprotein, Dishevelled. Dishevelleds, by an 
unclear mechanism, lead to reduced GSK3 kinase activity. Suppression of GSK3 activity leads 
to elevation of cytosolic and nuclear -catenin levels. Elevated nuclear -catenin levels activates the 
lymphoid-enhancer factor/T-cell factor (Lef/Tcf)-sensitive transcription, turning on the genes that 
are necessary for development. Note: for complete list of proteins involved in Wnt signalling, 
refer to the Wnt home page (http://www.stanford.edu/~rnusse/wntwindow.html).
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such inhibitors.10,25 How Wnt3a-induced ERK acti-
vation can influence the read-out of Lef/Tcf-sensitive 
gene transcription, but yet not block the overall 
pathway to primitive endoderm formation suggests 
that the relationships between these pathways are 
neither linear nor fully appreciated in the functional 
sense. Wnt3a has been shown to provoke a strong 
nuclear accumulation of phospho-ERK in NIH3T3 
fibroblasts.33 Perhaps, Wnts can likewise provoke 
differential nuclear accumulation of phospho-c-Jun, 
phospho-ERK, and even phospho-p38. Such differ-
ential nuclear retention of phospho-MAPKs may in 
fact play some key role/s in the Wnt-induced Lef/
Tcf-dependent transcription that can differentially 
effect the downstream signaling to the ultimate read-
outs (Fig. 3).

Conclusions and Perspectives

MAPK have long been appreciated to play key 
roles in cell proliferation, homeostasis and devel-
opment. It is now evident that MAPK pathways 
also play crucial roles that can be characterized as a 
crosstalk with the canonical Wnt/β-catenin pathway 
central to development. Wnts are capable of stimu-
lating both the Wnt/β-catenin pathway, MAPKs 
themselves, as well as signaling molecule inter-
mediates, that constitute an intricate downstream 
network (Fig. 3). This organization provides for a 
conversation between these major signaling path-
ways, which are essential to not only signaling per 
se, but also to the broader landscape of spatial and 
temporal control of signaling events.1,2 This spatio-
temporal quality of the cell signaling that undergirds 

development remains a vital and attracting target for novel biosen-
sors and new technologies. Even with the current understanding on 
how these pathways cross-talk, probing key molecular interactions in 
such complex pathways will be required to eavesdrop on these subtle 
conversations. Molecules such as the Dishevelleds, which can clearly 
regulate three different Wnt-sensitive pathways as well as elements 
of the MAPK network, might well be the ideal nodes at which to 
tap into these molecular conversations. Recent studies in F9 terato-
carcinoma cells and genetically modified mice clearly demonstrate 
Dishevelled 3, one of the three homologues of Dishevelleds, as a 
prime candidate for surveillance.34,35
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β-catenin accumulation or primitive endoderm formation in response 
to Wnt stimulation were largely unaffected after SP600125 treat-
ment.10,28 Earlier studies suggest that phospho c-Jun (i.e., the primary 
product of JNK activation) interacts with the HMG-box transcription 
factor Tcf4,29 while the AP-1 complex interacts with Lef1.30 Equally 
provocative, Gan et al. reported that nuclear c-Jun mediates Dvl asso-
ciation with the TCFβ-catenin complex,28 although the mechanism 
remains poorly described. Taken together, these observations suggest 
a novel insight, i.e., that the Wnt/Fz/JNK MAPK pathway and Wnt/
Fz/β-catenin canonical pathway are in conversation with each other at 
the transcriptional level (Fig. 3).

Extra-Cellular Regulated Kinase (ERK1/2)

The ERK signaling cascade transmits signals from a variety of 
extracellular stimuli to multiple cellular processes, including cell 
proliferation, differentiation and development.31 Wnt3a has been 
shown to activate ERK, stimulating proliferation of NIH3T3 cells 
via the Raf-1/MEK/ERK pathway (Fig. 3).32,33 Chemical inhibi-
tion of ERK activation (using MEK-specific inhibitors such as 
PD98059 or U0126) in either totipotent F9 teratocarcinoma cells 
or C3H10T1/2 mesenchymal cells has been shown to attenuate 
(although not knock-out) Wnt3a-sensitive Lef/Tcf gene transcrip-
tion; whereas Wnt3a-induced β-catenin accumulation or primitive 
endoderm formation remain largely unaffected after treatment with 

Figure 3. Conversations between Wnt/β-catenin and MAPK signaling pathways. Wnt ligands 
apart from activating Wnt/β-catenin pathway also activate MAPK pathways. Wnts induce a 
strong activation of p38 MAPK and this activation is G-protein and Dishevelled dependent. 
Wnt-activated p38 MAPK regulates Wnt/β-catenin signalling by inactivating GSK3β kinase 
activity. Similarly, Wnt-induced JNK activation occurs through G-proteins, Dishevelleds, small 
molecular weight GTPases (RhoA, Rac1, Cdc42), MEKKs and MKKs. Activated JNK phos-
phorylates its prime substrate, c-Jun, that ultimately leads induction of planar cell polarity. The 
phosphorylated c-Jun may also translocate into the nucleus and along with nuclear Dishevelled 
regulates Lef/Tcf-sensitive gene transcription. ERKs are also activated by Wnt through Raf1/
MEK/pERK pathway and induce cell proliferation. In addition, the activated ERKs may also 
translocate into the nucleus and regulate the Lef/Tcf-sensitive gene transcription.
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