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Introduction

Reactome is open-source, open access, manually curated and peer-reviewed pathway database. Pathway 
annotations are authored by expert biologists, in collaboration with Reactome editorial staff and cross-
referenced to many bioinformatics databases. A system of evidence tracking ensures that all assertions 
are backed up by the primary literature. Reactome is used by clinicians, geneticists, genomics research-
ers, and molecular biologists to interpret the results of high-throughput experimental studies, by bioin-
formaticians seeking to develop novel algorithms for mining knowledge from genomic studies, and by 
systems biologists building predictive models of normal and disease variant pathways.

The development of Reactome is supported by grants from the US National Institutes of Health (P41 
HG003751), University of Toronto (CFREF Medicine by Design), European Union (EU STRP, EMI-CD), and 
the European Molecular Biology Laboratory (EBI Industry program).
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MAPK family signaling cascades ↗

Stable identifier: R-HSA-5683057

The mitogen activated protein kinases (MAPKs) are a family of conserved protein serine threonine 
kinases that respond to varied extracellular stimuli to activate intracellular processes including gene ex-
pression, metabolism, proliferation, differentiation and apoptosis, among others. 

The classic MAPK cascades, including the ERK1/2 pathway, the p38 MAPK pathway, the JNK pathway and 
the ERK5 pathway are characterized by three tiers of sequentially acting, activating kinases (reviewed in 
Kryiakis and Avruch, 2012; Cargnello and Roux, 2011).  The MAPK kinase kinase kinase (MAPKKK), at the 
top of the cascade, is phosphorylated on serine and threonine residues in response to external stimuli; 
this phosphorylation often occurs in the context of an interaction between the MAPKKK protein and a 
member of the RAS/RHO family of small GTP-binding proteins.  Activated MAPKKK proteins in turn 
phosphorylate the dual-specificity MAPK kinase proteins (MAPKK), which ultimately phosphorylate the 
MAPK proteins in a conserved Thr-X-Tyr motif in the activation loop.

Less is known about the activation of the atypical families of MAPKs, which include the ERK3/4 signaling 
cascade, the ERK7 cascade and the NLK cascade.  Although the details are not fully worked out, these 
MAPK proteins don't appear to be phosphorylated downstream of a 3-tiered kinase system as described 
above (reviewed in Coulombe and Meloche, 2007; Cargnello and Roux, 2011) . 

Both conventional and atypical MAPKs are proline-directed serine threonine kinases and, once activated, 
phosphorylate substrates in the consensus P-X-S/T-P site. Both cytosolic and nuclear targets of MAPK 
proteins have been identified and upon stimulation, a proportion of the phosphorylated MAPKs relocal-
ize from the cytoplasm to the nucleus. In some cases, nuclear translocation may be accompanied by di-
merization, although the relationship between these two events is not fully elaborated (reviewed in 
Kryiakis and Avruch, 2012; Cargnello and Roux, 2011; Plotnikov et al, 2010).
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MAPK1/MAPK3 signaling ↗

Location: MAPK family signaling cascades

Stable identifier: R-HSA-5684996

The extracellular signal regulated kinases (ERKs) 1 and 2, also known as MAPK3 and MAPK1, are phos-
phorylated by the MAP2Ks 1 and 2 in response to a wide range of extracellular stimuli to promote differ-
entiation, proliferation, cell motility, cell survivial, metabolism and transcription, among others (r-
eviewed in Roskoski, 2012b; McKay and Morrison, 2007; Raman et al, 2007). In the classical pathway, 
MAPK1/3 activation is triggered by the GEF-mediated activation of RAS at the plasma membrane, leading 
to the activation of the RAF MAP3Ks (reviewed in McKay and Morrison, 2007; Matallanas et al, 2011; 
Wellbrock et al, 2004). However, many physiological and pathological stimuli have been found to activate 
MAPK1/3 independently of RAF and RAS, acting instead through MAP3Ks such as MOS, TPL2 and AMPK 
(Dawson et al, 2008; Wang et al, 2009; Kuriakose et al, 2014; Awane et al, 1999).  Activated MAPK1/3 phos-
phorylate numerous targets in both the nucleus and cytoplasm (reviewed in Yoon and Seger, 2006; 
Roskoski 2012b).
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MAPK6/MAPK4 signaling ↗

Location: MAPK family signaling cascades

Stable identifier: R-HSA-5687128

MAPK6 and MAPK4 (also known as ERK3 and ERK4) are vertebrate-specific atypical MAP kinases.  Atyp-
ical MAPK are less well characterized than their conventional counterparts, and are generally classified 
as such based on their lack of activation by MAPKK family members. Unlike the conventional MAPK pro-
teins, which contain a Thr-X-Tyr motif in the activation loop, MAPK6 and 4 have a single Ser-Glu-Gly 
phospho-acceptor motif (reviewed in Coulombe and Meloche, 2007; Cargnello et al, 2011).  MAPK6 is also 
distinct in being an unstable kinase, whose turnover is mediated by ubiquitin-dependent degradation 
(Coulombe et al, 2003; Coulombe et al, 2004). The biological functions and pathways governing MAPK6 
and 4 are not well established.  MAPK6 and 4 are phosphorylated downstream of class I p21 activated 
kinases (PAKs) in a RAC- or CDC42-dependent manner (Deleris et al, 2008; Perander et al, 2008; Deleris et 
al, 2011; De La Mota-Peynado et al, 2011). One of the only well established substrates of MAPK6 and 4 is 
MAPKAPK5, which contributes to cell motility by promoting the HSBP1-dependent rearrangement of F-
actin (Gerits et al, 2007; Kostenko et al, 2009a; reviewed in Kostenko et al, 2011b).  The atypical MAPKs 
also contribute to cell motility and invasiveness through the NCOA3:ETV4-dependent regulation of MMP 
gene expression (Long et al, 2012; Yan et al, 2008; Qin et al, 2008).  Both of these pathways may be misreg-
ulated in human cancers (reviewed in Myant and Sansom, 2011; Kostenko et al, 2012)
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