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Protein family review
Fibroblast growth factors
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Summary

Fibroblast growth factors (FGFs) make up a large family of polypeptide growth factors that are found
in organisms ranging from nematodes to humans. In vertebrates, the 22 members of the FGF family
range in molecular mass from 17 to 34 kDa and share 13-71% amino acid identity. Between vertebrate
species, FGFs are highly conserved in both gene structure and amino-acid sequence. FGFs have a high
affinity for heparan sulfate proteoglycans and require heparan sulfate to activate one of four cell-
surface FGF receptors. During embryonic development, FGFs have diverse roles in regulating cell
proliferation, migration and differentiation. In the adult organism, FGFs are homeostatic factors and
function in tissue repair and response to injury. When inappropriately expressed, some FGFs can
contribute to the pathogenesis of cancer. A subset of the FGF family, expressed in adult tissue, is
important for neuronal signal transduction in the central and peripheral nervous systems.
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Gene organization and evolutionary history
Gene organization 
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Figure 1
Gene structure of selected members of the Fgf family. Only
the portion of each gene containing coding exons is shown.
Constitutively expressed exons are in black; alternatively
spliced exons are in gray. Fgfs 1, 2, 4 and 9 contain the proto-
typic three-exon organization. For Fgf1, 5’ untranslated exons
are not shown; inclusion of these exons extends the gene by
approximately 69 kb [78]. Fgf8 is an example of a gene with 5’
alternative splicing, and Fgf13 demonstrates alternatively used
5’ exons separated by over 30 kb. References: Fgf1 [78]; Fgf2
[79]; Fgf4 [80]; Fgf8 [52]; Fgf9 [81]; Fgf13 [76].
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Localization and function
Localization
Subcellular localization and secretion
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Table 1

Chromosomal localizations of FGFs in human and mouse

Human Mouse References Accession numbers

Gene Location Gene Location Human Mouse

FGF1 5q31 Fgf1 18 [82,83] X65778, E03692, U67610, M30641
E04557

FGF2 4q26-27 Fgf2 3A2-B [84,85] E05628, M27968 M30644, AF065903,
AF065904, AF065905 

FGF3 11q13 Fgf3 7F [86-88] X14445 Y00848

FGF4 11q13.3 Fgf4 7F [87,89] E03343 M30642 

FGF5 4q21 Fgf5 5E1-F [85,90] M37825 M30643 

FGF6 12p13 Fgf6 6F3-G1 [91,92] X63454 M92416 

FGF7 15q15-21.1 Fgf7 2F-G [93,94] M60828 Z22703 

FGF8 10q24 Fgf8 19C3-D [54,95] U36223, U56978 Z48746

FGF9 13q11-q12 Fgf9 14D [81,96,97] D14838 U33535, D38258 

FGF10 5p12-p13 Fgf10 13A3-A4 [98,99] AB002097 D89080

FGF11 17p13.1 Fgf11 - [100] U66199 U66203 
(FHF3)

FGF12 3q28 Fgf12 16B1-B3 [31,100-102] U66197 U66201
(FHF1)

FGF13 Xq26 Fgf13 X [31,76,103] U66198 U66202, AF020737
(FHF2)

FGF14 13q34 Fgf14 14 [31] U66200 U66204 
(FHF4)

- Fgf15* 7F (N.I., unpublished observations) AF007268 

FGF16 - Fgf16 - AB009391 AB049219

FGF17 8p21 Fgf17 14 [104] AB009249 AB009250 

FGF18 5q34 Fgf18 - [105] AB007422, AF075292 AB004639, AF075291 

FGF19* 11q13.1 - [106] AB018122, AF110400 

FGF20 8p21.3-p22 Fgf20 - [27,107] AB030648, AB044277 AB049218

FGF21 19q13.1-qter Fgf21 - [108] AB021975 AB025718

FGF22 19p13.3 Fgf22 - [109] AB021925 AB036765

FGF23 12p13.3 Fgf23 6F3-G1 [7,75] (N.I., unpublished) AB037973, AF263537 AB037889, AF263536 

*Human FGF19 and mouse Fgf15 may be orthologous genes.



Developmental expression patterns and function
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Figure 2
Evolutionary relationships within the FGF family. (a) Apparent evolutionary relationships between FGFs from vertebrates,
invertebrates and a virus. Amino-acid sequences of nine representative FGFs were chosen from human and compared with
FGFs from Drosophila, C. elegans, zebrafish and Autographa californica nuclear polyhedrosis virus. (b) Apparent evolutionary
relationships of the 22 known human and murine FGFs. Sequences were aligned using Genetyx sequence analysis software
and trees were constructed from the alignments using the neighbor-joining method. 
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Figure 3
(a) Structural features of the FGF polypeptide. The amino
terminus of some FGFs contains a signal sequence (shaded).
All FGFs contain a core region that contains conserved
amino-acid residues and conserved structural motifs. The
locations of � strands within the core region are numbered
and shown as black boxes. The heparin-binding region (pink)
includes residues in the loop between � strands 1 and 2 and
in � strands 10 and 11. Residues that contact the FGFR are
shown in green (the region contacting Ig-domain 2 of the
receptor), blue (contacting Ig-domain 3) and red (contacting
the alternatively spliced region of Ig-domain 3). Amino-acid
residues that contact the linker region are shown in gray
[20]. (b) Three-dimensional structure of FGF2, a
prototypical member of the FGF family. A ribbon diagram of
FGF2 is shown; � strands are labeled 1-12 and regions of
contact with the FGFR and heparin are color-coded as in (a)
[22,24]. Image provided by M. Mohammadi.
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Table 2

FGF knockout mice 

Gene Survival of null mutant* Phenotype References

Fgf1 Viable None identified [110]

Fgf2 Viable Mild cardiovascular, skeletal, neuronal [110-114]

Fgf3 Viable Mild inner ear, skeletal (tail) [115]

Fgf4 Lethal, E4-5 Inner cell mass proliferation [116]

Fgf5 Viable Long hair, angora mutation [72]

Fgf6 Viable Subtle, muscle regeneration [117-119]

Fgf7 Viable Hair follicle growth, ureteric bud growth [120,121]

Fgf8 Lethal, E7 Gastrulation defect, CNS development, limb development [67,70,122,123]

Fgf9 Lethal, P0 Lung mesenchyme, XY sex reversal [124]; (J.S. Colvin et al., 
personal communication)

Fgf10 Lethal, P0 Development of multiple organs, including limb, lung, [125-127]
thymus, pituitary

Fgf12 Viable Neuromuscular phenotype (J. Schoorlemmer and M. Goldfarb, 
(Fhf1) personal communication)

Fgf14 Viable Neurological phenotypes (Q. Wang, personal communication)
(Fhf4)

Fgf15 Lethal, E9.5 Not clear (J.R. McWhirter, personal communication)

Fgf17 Viable Cerebellar development [17]

Fgf18 Lethal, P0 Skeletal development (N. Ohbayashi, Z. Liu, 
personal communication)

*E, embryonic day; P, postnatal day. 
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