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Definition II: signalling pathways are activated by complex mechanisms
where growth factors first exert their action by binding to specific receptors
on the surface of the target cells. These receptors then produce metabolic changes
within the target cell, which eventually activate or repress specific genes to bring
about a change in cellular behaviour

The ability of cells to accept signal and initiate the mechanism of signal transduction that eventually results 
in cell response is defined by the presence or absence of specific receptors on the surface of cells 
The presence or absence of membrane receptors is co ntrolled by genetic programme that is specific  
for each cell type
The number of receptors present on the surface of t he target cells is critical for subsequent signal 
transduction 
Cell response involves dramatic changes in gene expression, changes in cytoskeleton and changes
in metabolism of cells  
Any deregulation of the activity of growth factors and their receptors at any level of signal 

transduction may cause serious defects !!!

Major characteristics of signal transduction pathways:

Definition I: growth factors are small proteins, present in animal tissues 
at very low concentrations, but having enormously high biological activity* that are 
responsible for controlling some of the most essential of biological functions of 
cells, such as growth, differentiation, migration, and survival

* ~10-9 – 10-11 M



What gives information to cell?

a) Signals from extracellular space

b) gene transcription in the nucleus

Signaling pathways 
modulate transcription 
and chromatine 
structure

Transcription 
determines cell 
response to 
extracellular stimuli via 
alteration of expression 
of pathway components



Extracellular signals

Notch Transcriptional 
regulators



Wnt/β-kateninová dráha



Deplece Wnt/β-kateninové dráhy při 
gastrulaci = ztráta zadních částí těla

wild type Wnt-3a knockout



Deplece inhibitorů Wnt/β-kateninové dráhy 
při gastrulaci = ztráta předních částí těla

wild type vs. Dkk1 knockout



Shh – jeden z nejlépe popsaných klasických morfogenů (tzv. model 
francouzské vlajky) – v závislosti na koncentraci morfogenu se 

spouští odlišné transkripční programy





Gradient Shh patternuje komponenty skeletu končetiny



Protein tyrosine kinase (PTK) receptor family

�In the human genome, 58 genes encode PTK receptors
�Based on their overall structures, they can be placed into 20 subfamilies 
�Overactivity of PTK receptors has been implicated in number of diseases, particularly  

cancer. Several of PTK receptors were identified as transforming oncogene  
products !!!

Fibroblast growth factor
receptors (FGFR)



Protein kinase receptor overview

Catalytic 
domains

cytoplasm

Extracellular
domains

Receptor dimerization  

Mode of action: protein tyrosine kinase receptors are activated by ligand-induced
dimerization. This brings the receptor kinase domai ns close to each other, which results
in autophosphorylation within the intracellular kin ase domains. The autophosphorylation 
occurs on tyrosine residues and triggers downstream  signalling cascade that consists of 
recruiting and activation of multiple signal molecu les   

The most important family of protein
kinase receptors are protein tyrosine 
kinase receptors that transduce signals 
regulating cell growth, differentiation, 
survival, and migration

Structure of receptor kinases:
Extracellular ligand binding domains
Short transmembrane domain
Intracellular kinase domains

ligand

transmembrane
domain



Pseudokinases in non-canonical WNT pathway and convergent 
extension 



4 receptors: FGFR1-4
18 ligands: FGF1-23



„Canonical“ signalling pathway of FGFs and FGFRs

„docking site“

SH2 domain containing protein

Membrane proteoglycans

Ras/Raf/MEK/ERK
signalling pathway is crucial

in cancer !!!

Genetic abnormalities found 
in FGFRs that participate in cancer:

Chromosomal translocations
Gene amplification and overexpression
Activating mutations

Cell membrane 

Changes in gene expression and cell response



Wild-type Fgf10-/-

FGF10        mesenchymal proliferationu limb bud growth

FGF10

Wild-type Fgf10-/-



Fgfr3-/-

Wild-type
Tail

Wild-type

Fgfr3-/-

Chuxia Deng

Cell 1996, 84(6):911-21.



FGF4 FGF4 wild-type

Science 2009;325:995-8.





Vegfa-/-wt



wt Ihh-/-
Indian hedgehog (Ihh)

St-Jacques et al., Genes Dev 13 (1999)



Coll type X in situ

Parathyroid hormone-related 
peptide (PTHrP)

wt

Pthrp-/-

wt Pthrp-/-

wt Pthrp receptor

Sternal cartilage

Karp et al., Development 127 (2000)





CONTROL OF RELATIVE PROPORTION: This is an important problem in growth control,
even if the overall size of the organism is correct. How can it be guaranteedthat different
body parts expand in proportion to one another? The coordinated growth of body parts is
explained byfeedback inhibition of each body part on itself (chalone model).
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Pattern and shape    vs.    Growth and proportions


