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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 crossreferenced 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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Signaling by activated point mutants of FGFR1 ↗
Stable identifier: R-HSA-1839122
Compartments: cytosol, extracellular region, plasma membrane
Diseases: cancer, bone development disease

Unlike FGFR2 and FGFR3, FGFR1 appears not to be a frequent target of activating point mutations (reviewed in Wesche, 2011; Turner and Grose, 2010). Germline point mutations at residue P252 have been
identified in Pfeiffer syndrome (reviewed in Webster and Donoghue, 1997; Burke, 1998; Cunningham,
2007) while mutation of the same residue arising somatically has been identified in melanoma and lung
cancer (Ruhe, 2007; Davies, 2005). Two kinase domain mutations have been characterized in glioblastoma (Rand, 2005; Network TCGA, 2008), both at positions that are also mutated in an autosomal disorder in one of the FGFR family members (Muenke, 1994; Bellus, 1995a; Bellus, 2000; Tavormina, 1995a;
Tavormina, 1999).
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FGFR1c P252X mutants bind ligand with enhanced affinity ↗
Location: Signaling by activated point mutants of FGFR1
Stable identifier: R-HSA-2023451
Type: binding
Compartments: plasma membrane, extracellular region
Diseases: cancer

The missense mutation C775G in exon 5 of FGFR1 encodes a Pro252R gain-of-function mutation that
causes Pfeiffer syndrome, an autosomal dominant disorder characterized by premature fusion of bones
in the skull and syndactyly of the hands and feet (Muenke, 1994). FGFR1 P252R binds to FGF1, FGF2,
FGF4, and FGF6 with 2-5 fold-enhanced affinity, and with 30-fold affinity to FGF9. The enhanced ligandaffinity of the mutant receptor is the result of an additional set of ligand-receptor hydrogen bonds; in
particular for FGF9, the additional receptor contacts are thought to compete with FGF9 autoinhibitory dimerization (Ibrahimi, 2004a). The increase in ligand-binding affinity in the absence of an expansion of
ligand binding range is thought to account for the milder limb phenotype of Pfeiffer syndrome relative to
FGFR2-mediated Apert syndrome (Yu, 2000; Ibrahimi, 2004b).
Somatic mutations in FGFR1 at P252 have also been identified in melanoma (P252S; Ruhe, 2007) and in
lung cancer (P252T; Davies, 2005). Based on analogy to the FGFR1 P252R mutation that is found in Pfeiffer syndrome, these mutations are also predicted to increase the ligand-binding affinity of the receptor
and to result in increased signaling, although this remains to be directly demonstrated for the S/T alleles
(Ibrahimi, 2004a).
Followed by: Autocatalytic phosphorylation of FGFR1c P252X mutant dimers
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Autocatalytic phosphorylation of FGFR1c P252X mutant dimers ↗
Location: Signaling by activated point mutants of FGFR1
Stable identifier: R-HSA-2023455
Type: transition
Compartments: plasma membrane, cytosol
Diseases: cancer, bone development disease

FGFR1 gain-of-function mutations at P252 that result in increased binding affinity to ligand are presumed
to be phosphorylated on the same sites as the wild-type receptor, although this has not been demonstrated (Ibrahimi, 2004a).
Preceded by: FGFR1c P252X mutants bind ligand with enhanced affinity
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Dimerization of FGFR1 point mutants with enhanced kinase activity ↗
Location: Signaling by activated point mutants of FGFR1
Stable identifier: R-HSA-2023456
Type: transition
Compartments: plasma membrane
Diseases: glioblastoma, cancer

Large scale genomic characterization of glioblastoma tumors has identified three point mutants in the
kinase domain of FGFR1: N546K, R576W and K656E (Rand, 2005, TCGA, 2008), representing the first
kinase domain point mutants identified in this gene in any cancer. These mutants are believed or have
been shown to have enhanced kinase activity and to be able to function in a ligand-independent manner
(Petiot, 2002; Lew, 2009; Raffioni, 1998, Rand, 2005; Hart, 2000)
Followed by: Autocatalytic phosphorylation of FGFR1 mutants with enhanced kinase activity
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Autocatalytic phosphorylation of FGFR1 mutants with enhanced kinase activity ↗
Location: Signaling by activated point mutants of FGFR1
Stable identifier: R-HSA-2023460
Type: transition
Compartments: plasma membrane, cytosol
Diseases: glioblastoma, cancer

The three kinase domain mutants of FGFR1 that have been identified in glioblastoma are predicted or
have been shown to result in enhanced kinase activity. The N546K (Rand, 2005) residue lies in a stretch of
9 amino acids that are conserved between all four FGFRs. Mutation of the paralogous residue in FGFR3
(N540K) has been shown to result in weak ligand-independent contstitutive activation in the autosomal
disorder hypochodroplasia (Raffioni, 1998). In FGFR2 mutation of the paralogous residue to lysine has
been identified in endometrial cancer and been shown to result in enhanced kinase activity (Dutt, 2008;
Pollock, 2008); germline mutations at this site in FGFR2 are also associated with the development of
Crouzon and Pfeiffer syndromes (Kan, 2002). The FGFR1 N546K mutations has accelerated rates of autophosphorylation and supports transformation when transfected into Rat-1 cells (Lew, 2009).
The FGFR1 K656E (TCGA, 2008) mutation is paralogous to activating mutations in FGFR3 kinase domain
associated with the development of thanatophoric dysplasias (Tavormina, 1999; Bellus, 2000; Hart, 2000),
and has itself been shown to activating when expressed in neural crest cells (Petiot, 2002).
The FGFR1 R576W (Rand, 2005) mutation increases the hydrophobicity of the receptor, and is postulated
to enhance protein-protein interactions and thereby increase the likelihood of autophosphorylation of
adjacent tyrosine residues, although this has not been explicitly demonstrated.
Preceded by: Dimerization of FGFR1 point mutants with enhanced kinase activity
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