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Definition I1I:

Major characteristics of signal transduction pathways:

“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 receptorsis 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
transduction

#Cell response involves dramatic 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 !!!

for subsequent signal

In gene expression, changes in cytoskeleton and changes



What givesinformation to cell?

a) Signalsfrom extracellular space

Transcription

Signaling pathways determines cell
modulate transcription response to

and chromatine extracellular stimuli via
structure alteration of expression
of pathway components

b) genetranscription in the nucleus



Extracellular signals

— Transcriptional
_~ regulators
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Deplece Wn{3-kateninové drahyip
gastrulaci = ztrata zadni¢asti tla

wild type wnt-3a knockout



Deplece inhibitol Wnt/3-kateninove drahy
pii gastrulaci = ztratafednichcasti €la

wild type vs. Dkk1 knockout



Shh — jeden z nejlépe popsanych klasickych morfogeav. model
francouzskeé vlajky) — v zavislosti na koncentraci morfogenu se
spousti odlisné transkkpi programy




SnajanN

YHWS [ION

uonepeibep h_u_u_u

[ewososh AJ [eseg _.
MR R A

SIoqIyuUl

:;_—:: Y| ows
HOLd =

SSIpoqive U /
10 UlUyiuloqoy
UH

Bijlo AU

_J}
== SIOJE|NPOLL
— m

lan

ST
Ons

IdVa/geL18vY ujAxojewsH

n1A/geLTEY



Gradient Shh patternuje komponenty skeletudebimy
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Protein tyrosine kinase (PTK) receptor family

EGFR PDEFR FGFR NGFR EFHR TIE DOR ROS ROR LMRA
InsulinR VEGFR KLG/CCK HGFR AXL RYK RET LTK MUSK 7
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EGFR INSR PDGFR-a VEGFR1 Ck4* TRKA MET EFHAY1 AXL TIE BRYR® DDR1 RET ROS LTK ROR1 MUSK RTK106
ERBEBZ2 IGF-1R FDGFH-,B VEGFR2 TREE RON EPHAZ MER TEK DORZ2 ALK ROR2
ERBB3" IRR C5F-1R VEGFR3 TERKC EPHAZ TYRO3
ERBE4 KIT/SCFR EPHA4
FLEK2/FLT3 EPHAS
EntAr
Fibroblast growth factor EPHAS
EPHB1
receptors (FGFR) EPHB2 AATYK
EPHB3 AATYKZ
AATYKI
EPHB4

EPHBS
EFPHEG

v'In the human genome, 58 genes encode PTK receptors
v'Based on their overall structures, they can be placed into 20 subfamilies

v'Overactivity of PTK receptors has been implicated in number of diseases, particularly
cancer. Several of PTK receptors were identified as transforming oncogene
products !l




Protein kinase receptor overview

X

ligand

Extracellular
domains

transmembrane
domain

Catalytic
domains

Receptor dimerization

Structure of receptor kinases:
Extracellular ligand binding domains

~Short transmembrane domain
“Intracellular kinase domains

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



Pseudokinasesin non-canonical WNT pathway and conver gent
extension

(a) Canonical (b) Non-Canonical (c) Non-Canonical
f-Catenin pathway Ca?+ pathway PCP pathway (b )
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,Canonical“ signalling pathway of FGFs and FGFRs

Cell membrane

,docking site* [—"
SH2 domain containing protein

Ca2t
RaS/Raf/MEK/ERK — “""""""""""" MTIILLLLLLLY 1 \
signalling pathway is crucial : -
in cancer !!!

A\
targets targets targets targets
Changes in gene expression and cell response
Chromosomal translocations Adapted from Schlessinger, 2004

Gene amplification and overexpression
Activating mutations



FGF10=-» mesenchymal proliferatiom®  limb bud growth

Wild-type Fgf10- Wild-type

Fgf-10 is required for both limb and lung development and exhibits
striking functional similarity to Drosophila branchless

Hosung Min, Dimitry M. Danilenko, Sheila A. Scully, et al.

Genes Dev. 1998 12: 3156-2161 _
Access the most recent version at doi:10.1101/gad.12.20.

156



Chuxia Deng

Fgfr3”
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Cell 1996, 84(6):911-21.
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REPORTS

dachshund, Pekingese, and basset hound, where
An Expressed Fgf4 Retrogene IS it was found to be dominant and allelic on the

basis of arranged crosses (3). The phenotype

Assoc i atEd w ith B re e d —D Efi n i n g primarily affects the length of the long bones,

i ) ) with growth plates calcifying early in develop-
ment, thus producing shortened bones with a
Chondrodysplasia in Domestic Dogs e s roduche swoencd b

- 10 . 2 ) 1 rre . 3 To identify the genetic foundations of breed-
Heidi G. Parker,” Bridgett M. VonHoldt,” Pascale Quignon,” Elliott H. Margulies, defining phenotypes such as canine chondro-

Stephanie Shao,* Dana S. Mosher, Tyrone C. Spady,® Abdel Elkahloun,* Michele Cargill,** dysplasia, we developed a multibreed approach
Paul G. Jones,” Cheryl L. Maslen,® Gregory M. Acland,”® Nathan B. Sutter,” Keiichi Kuroki,”  for mapping fixed canine traits. A total of 835 dogs
Carlos D. Bustamante,'® Robert K. Wayne, Elaine A. Ostrandert from 76 distinct breeds that provided maximal

o ) ) ) coverage of phenotypic variation were genotyped
Retrotransposition of processed mRNAs is a common source of novel sequence acquired during the by using the Affymetrix version 2.0 single-nucleotide
evolution of genomes. Although the vast majority of retroposed gene copies, or retrogenes, rapidly polymorphism (SNP) chip (8, 9). Chondrodys-

accumulate debilitating muta‘tmns that c‘hsrup‘( thg reading frame, a smqll percentag§ I::fecome plastic breeds, or cases, were defined on the basis
new genes that encode functional proteins. By using a multibreed association analysis in the of specific morphologic criteria set forth in each
dnmestic don we demnnstrate that exnressinn of a recentlv aranirerd retranene encndina fihrnhlast 1 ot A4 fn T 1 ‘1 ne o

Fers 111 FGF4 wild-type

Chondrodysplastic Non-chondrodysplastic

Science 2009:325:995-8.
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Osteoblasts

Blood Proliferating
vessel chondrocytes
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Research article Development and disease

2161

VEGFA is necessary for chondrocyte survival during bone

development

Elazar Zelzer!, Roni Mamluk?, Mapoleone Ferrara®, Randall . Johnson®, Emestina Schipani® and
Bjorn R. Olsen’*

1Depariment of Cell Biclogy, Harvard Medical Schoal, Boston, MA& 02115, USA

Depariment of Surgical Ressarch, Chidren's Hospital and Harvard Medical School, Boston, MA& 02113, US4
*Diepariment of Molecu'ar Oncology, Genentsch, South San Francisco, CA 84080, USA

“Molecular Biology Section, Dwvision of Biology, University of California, San Diego, C& 92083, USA
EEndocrine Unit, Massachuseits General Hospital and Harvard Medical Schoal, Boston, M& 02114, USA
"Aufhor for comespendence fe-malt bjorn_sisenginma narvand adu)

Accepisd 30 Decamber 2003
Desinpment 124, 2164-2171




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




Parathyroid hormone-related
peptide (PTHrP)
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Sternal cartilage

Karp et al., Development 127 (2000)
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CONTROL OF RELATIVE PROPORTION: This is an important problem in gtiowontrol,

even if the overall size of the organism is correct. How can it be guarantegdlifferent

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).

Myostatin Mutation Associated

P with Gross Muscle Hypertrophy in a Child
l:;\:\:l MOrE l --: T e v
ity chalane Markus Schuelke, M.D., Kathryn R. Wagner, M.D., Ph.D., Leslie E. Stolz, Ph.D.,

Christoph Hiibner, M.D., Thomas Riebel, M.D., Wolfgang Kémen, M.D.,
Thomas Braun, M.D., Ph.D., James F. Tobin, Ph.D., and Se-Jin Lee, M.D., Ph.D.
N ENGL J MED 350;26 WWW.NEJM.ORG JUNE 24, 2004

;’O\ Less
chalone

Neonate 7 Months



Pattern and shape vs. Growth and proportions




