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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 researchers, and molecular biologists to interpret the 
results of high-throughput experimental studies, by bioinformaticians 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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NCAM signaling for neurite out-growth ↗

Stable identifier: R-HSA-375165

Compartments: plasma membrane

The neural cell adhesion molecule, NCAM, is a member of the immunoglobulin (Ig) superfamily and is involved in a 
variety of cellular processes of importance for the formation and maintenance of the nervous system. The role of 
NCAM in neural differentiation and synaptic plasticity is presumed to depend on the modulation of intracellular 
signal transduction cascades. NCAM based signaling complexes can initiate downstream intracellular signals by at 
least two mechanisms: (1) activation of FGFR and (2) formation of intracellular signaling complexes by direct 
interaction with cytoplasmic interaction partners such as Fyn and FAK. Tyrosine kinases Fyn and FAK interact with 
NCAM and undergo phosphorylation and this transiently activates the MAPK, ERK 1 and 2, cAMP response 
element binding protein (CREB) and transcription factors ELK and NFkB. CREB activates transcription of genes 
which are important for axonal growth, survival, and synaptic plasticity in neurons. 
 
NCAM1 mediated intracellular signal transduction is represented in the figure below. The Ig domains in NCAM1 are 
represented in orange ovals and Fn domains in green squares. The tyrosine residues susceptible to phosphorylation 
are represented in red circles and their positions are numbered. Phosphorylation is represented by red arrows and 
dephosphorylation by yellow. Ig, Immunoglobulin domain; Fn, Fibronectin domain; Fyn, Proto-oncogene tyrosine-
protein kinase Fyn; FAK, focal adhesion kinase; RPTPalpha, Receptor-type tyrosine-protein phosphatase; Grb2, 
Growth factor receptor-bound protein 2; SOS, Son of sevenless homolog; Raf, RAF proto-oncogene 
serine/threonine-protein kinase; MEK, MAPK and ERK kinase; ERK, Extracellular signal-regulated kinase; MSK1, 
Mitogen and stress activated protein kinase 1; CREB, Cyclic AMP-responsive element-binding protein; CRE, cAMP 
response elements.
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NCAM1 cis-homophilic interaction ↗

Location: NCAM signaling for neurite out-growth

Stable identifier: R-HSA-391872

Type: binding

Compartments: plasma membrane

Inferred from: NCAM1 cis-homophilic interaction (Rattus norvegicus)

NCAM1 located on the cell membrane can participate in parallel cis and antiparallel trans-homophilic interactions. 
The cis-interaction is mediated by reciprocal IgI-IgII interactions: the IgI domain of one NCAM1 molecule interacts 
with the IgII domain of a second.

Followed by: NCAM1 binds FGFR-1
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NCAM1 trans-homophilic interaction ↗

Location: NCAM signaling for neurite out-growth

Stable identifier: R-HSA-375161

Type: binding

Compartments: plasma membrane

Inferred from: NCAM1 trans-homophilic interaction (Rattus norvegicus)

Antiparallel NCAM interactions involve trans-interactions of NCAM molecules on opposed cell membranes. Based 
on structural and functional studies a 'double zipper' model has been proposed to describe these interactions. The first 
model - the 'flat zipper'- formed between NCAM1 cis-dimers from one cell surface interacting in trans through IgII-
IgIII contacts with NCAM1 cis-dimers from another cell surface. The second model - the 'compact zipper'- is formed 
between NCAM1 cis-dimers from one cell surface interacting in trans through IgI-IgIII and IgII-IgII contacts with 
cis-dimers from another cell surface.

Abrogation of cis-dimerization inhibits NCAM mediated neurite outgrowth, and cis-dimerization of NCAM1 may be 
a necessary prerequisite for subsequent trans-interactions.

Followed by: Fyn binds NCAM1
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NCAM1 binds FGFR-1 ↗

Location: NCAM signaling for neurite out-growth

Stable identifier: R-HSA-419033

Type: binding

Compartments: plasma membrane

Inferred from: NCAM1 binds FGFR-1 (Mus musculus)

FGFR is one of the heterophilic interactors of NCAM. The FG loop region of the second Fn3 module of NCAM 
binds to Ig domains 2 and 3 of FGFR. The FGFR binding site to NCAM overlaps with the site of NCAM-ATP 
interaction, and ATP is capable of disrupting NCAM-FGFR binding and signaling.  
The interaction of NCAM activates FGFR and NCAM might merely mimic FGF's in FGFR stimulation, but there is 
a difference in the activation pattern induced by NCAM and FGF-2. NCAM activated FGFR stimulates neurite 
outgrowth by stimulating PLCgamma and DAG lipase leading to generation of arachidonic acid.

Preceded by: NCAM1 cis-homophilic interaction
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Fyn binds NCAM1 ↗

Location: NCAM signaling for neurite out-growth

Stable identifier: R-HSA-391867

Type: binding

Compartments: plasma membrane, cytosol

Inferred from: Fyn binds NCAM1 (Mus musculus)

Fyn constitutively associates with the 140 kD isoform of NCAM1 in the plasma membrane, probably indirectly. Fyn 
is attached to the lipid raft membrane compartment via palmitoylation and is inactivated by tyrosine phosphorylation 
(Y531) within its C-terminal regulatory region. Fyn kinase has two well-known phosphorylation sites which affect 
its activity in opposite ways. The phosphorylation of Tyr531 located in the C-terminus of the protein inhibits the Fyn 
kinase activity, due to the binding of this tyrosine residue to the SH2 domain of the protein, which stabilizes its 
catalytically inactive conformation.

Preceded by: NCAM1 trans-homophilic interaction

Followed by: Dephosphorylation of NCAM1 bound pFyn
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Dephosphorylation of NCAM1 bound pFyn ↗

Location: NCAM signaling for neurite out-growth

Stable identifier: R-HSA-391868

Type: transition

Compartments: plasma membrane, cytosol

Inferred from: Dephosphorylation of NCAM1 bound pFyn (Homo sapiens)

The homophilic NCAM1:NCAM1 interaction redistributes these molecules and leads to the formation of clusters 
within lipid rafts. Spectrin, an NCAM1 binding cytoskeletal protein, colocalizes with NCAM1 and codistribute to 
lipid rafts. Spectrin associates with RPTP-alpha, linking it to the cytoplasmic NCAM1 domain and causing its 
coredistribution to lipid rafts on NCAM1 clustering. The receptor tyrosine phosphatase RPTP-alpha is an activator of 
all kinases of the Src family, including Fyn kinase.

The interaction of RPTP-alpha and the SH2 domain of Fyn induces an interaction of Fyn Tyr531 with the D1 domain 
of RPTP-alpha. This induces dephosphorylation of Tyr531 and activates Fyn.

Preceded by: Fyn binds NCAM1

Followed by: Autophosphorylation of NCAM1 bound Fyn
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Autophosphorylation of NCAM1 bound Fyn ↗

Location: NCAM signaling for neurite out-growth

Stable identifier: R-HSA-391871

Type: transition

Compartments: plasma membrane, cytosol

Inferred from: Autophosphorylation of NCAM1 bound Fyn (Mus musculus)

The Tyr420 residue located in the activation loop of Fyn is responsible for its enzymatic activity. Once the Tyr531 in 
its negative regulatory site is dephosphorylated by RPTPalpha, Fyn undergoes autophosphorylation on Tyr420 for its 
maximum activity.

Preceded by: Dephosphorylation of NCAM1 bound pFyn

Followed by: Recruitment of FAK to NCAM1:Fyn in lipid rafts
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Recruitment of FAK to NCAM1:Fyn in lipid rafts ↗

Location: NCAM signaling for neurite out-growth

Stable identifier: R-HSA-391865

Type: transition

Compartments: plasma membrane, cytosol

Inferred from: Recruitment of FAK to NCAM1:Fyn in lipid rafts (Mus musculus)

Fyn activation leads to the recruitment and activation of the non-receptor tyrosine kinase FAK. Once recruited to 
Fyn, FAK undergoes autophosphorylation on tyrosine 397. This tyrosine allows the binding of SH2 domain 
containing proteins.

Preceded by: Autophosphorylation of NCAM1 bound Fyn

Followed by: Phosphorylation of FAK by Src kinase
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Phosphorylation of FAK by Src kinase ↗

Location: NCAM signaling for neurite out-growth

Stable identifier: R-HSA-391866

Type: transition

Compartments: plasma membrane, cytosol

Inferred from: Phosphorylation of FAK by Src kinases (Mus musculus)

Phosphorylation of Tyr397 in FAK triggers the phosphorylation of other tyrosine residues (Tyr407, Tyr576, Tyr577, 
Tyr861 and Tyr925) in a Src-dependent manner. The initial phosphorylation of FAK at Tyr397 is thought to create a 
high-affinity binding site for SH2 domains, enabling formation of a signalling complex between FAK and members 
of the Src-family kinases. Tyr-576 and Tyr-577 are located in the central catalytic domain and their phosphorylation 
is required for the maximum kinase activity of FAK. The tyrosine phosphorylation of these residues is likely to be 
mediated by Src (or other members of the src family).

Preceded by: Recruitment of FAK to NCAM1:Fyn in lipid rafts

Followed by: Recruitment of Grb2 to pFAK:NCAM1
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Recruitment of Grb2 to pFAK:NCAM1 ↗

Location: NCAM signaling for neurite out-growth

Stable identifier: R-HSA-392051

Type: binding

Compartments: plasma membrane, cytosol

Phosphorylated tyrosine 925 in the FAT domain of PTK2/FAK creates a docking site for the SH2 domain of GRB2 
and recruits the GRB2/SOS complex. PTK2 may use this mechanism to activate Ras and the MAP kinase pathway.

Preceded by: Phosphorylation of FAK by Src kinase

Followed by: SOS binds Grb2 bound to pFAK:NCAM1
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SOS binds Grb2 bound to pFAK:NCAM1 ↗

Location: NCAM signaling for neurite out-growth

Stable identifier: R-HSA-392053

Type: binding

Compartments: plasma membrane, cytosol

Guanine nucleotide releasing factor Sos associates with FAK bound Grb2 to activate Ras and initiate Ras-MAPK 
signaling. This interaction occurs between the carboxy terminal domain of SOS and the Src homology 3 (SH3) 
domains of GRB2.

Preceded by: Recruitment of Grb2 to pFAK:NCAM1

Followed by: NCAM1:pFAK:Grb2:Sos-mediated nucleotide exchange of Ras
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NCAM1:pFAK:Grb2:Sos-mediated nucleotide exchange of Ras ↗

Location: NCAM signaling for neurite out-growth

Stable identifier: R-HSA-392054

Type: transition

Compartments: plasma membrane, cytosol

The guanine nucleotide exchange factor SOS interacts with GRB2 bound to phosphorylated FAK bound to NCAM. 
Upon formation of this complex, SOS activates Ras by promoting GDP release and GTP binding.

Preceded by: SOS binds Grb2 bound to pFAK:NCAM1
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ERK1/2 phosphorylates MSK1 ↗

Location: NCAM signaling for neurite out-growth

Stable identifier: R-HSA-198756

Type: transition

Compartments: nucleoplasm

MSK1 (Ribosomal protein S6 kinase alpha-5) is a serine/threonine kinase that is localised in the nucleus. It contains 
two protein kinase domains in a single polypeptide. It can be activated 5-fold by ERK1/2 through phosphorylation at 
four key residues.

Followed by: MSK1 activates CREB
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MSK1 activates CREB ↗

Location: NCAM signaling for neurite out-growth

Stable identifier: R-HSA-199935

Type: transition

Compartments: nucleoplasm

MSK1 is required for the mitogen-induced phosphorylation of the transcription factor, cAMP response element-
binding protein (CREB).

Preceded by: ERK1/2 phosphorylates MSK1
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NCAM1 interactions ↗

Location: NCAM signaling for neurite out-growth

Stable identifier: R-HSA-419037

Compartments: plasma membrane

The neural cell adhesion molecule, NCAM1 is generally considered as a cell adhesion mediator, but it is also 
considered to be a signal transducing receptor molecule. NCAM1 is involved in multiple cis- and trans-homophilic 
interactions. It is also involved in several heterophilic interactions with a broad range of other molecules, thereby 
modulating diverse biological phenomena including cellular adhesion, migration, proliferation, differentiation, 
survival and synaptic plasticity.
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