
9. MECHANISMS OF DEVELOPMENT I – REGULATION 

OF LIMB DEVELOPMENT BY FIBROBLAST GROWTH 

FACTORS (FGF)



4 receptors: FGFR1-4

22 ligands: FGF1-23



AT THE BEGINNING THERE WAS VITAMIN A……..

RALDH2- retinaldehyde dehydrogenase 2



DNA binding domain derived from the prototype gene called transcription factor T. Limb 

identity factors Tbx4 (hindlimb) and Tbx5 (forelimb)

………LATER CAME TBX
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FGFR3 inhibits chondrocyte proliferation by arresting 

their cell cycle in G1 phase
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FGFR3 alters the cartilage-like phenotype of 
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proMMP2

……via MMP-mediated degradation of extracellular 

matrix
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FGFR3 inhibits cartilage growth via Erk pathway
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C-type Natriuretic Peptide (CNP) over-expression 

results in skeleton overgrowth in mice
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CNP rescues dwarfism caused by ACH mutation in FGFR3



Series2

Series3

control

FGF2

FGF2 

control 

_  
0.1     0.2     0.5     1

_       _       _       _
CNP [ M]

_        _       _       _        _     
10     100    200    500 pCPT-cGMP [ M]

50

40

30

20

10

0

c
e
lls

 p
e
r 

w
e
ll 

[x
1
0

4
]

CNP counteracts FGF2-mediated chondrocyte growth arrest 

through cGMP-dependent pathway



CNP antagonizes FGF2-mediated loss of cartilage extracellular 

matrix in chondrocytes

control

CNP

pCPT-

cGMP

unstimulated                           FGF2



CNP inhibits Erk MAP kinase module at the Raf level 
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FGFR3 associates with STAT1 and 

acts as STAT1-kinase in chondrocytes 
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Chronic FGF stimulus inhibits cytokine/STAT signaling in 

chondrocytes
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FGFR3 causes premature senescence in 

chondrocytes
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FGFR3 signals towards the cytoskeleton in 

chondrocytes
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