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Intracellular Signaling Mechanisms
(signal transduction)

How do cells multiply after receiving
an external stimulus?
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The Epidermal Growth Factor (EGF)
Receptor

Cysteine Rich Domain
- Characterized by the
presence of tyrosine kinase,
which phosphorylates
tyrosine residues in the cell.
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Growth Factor Promotes Receptor
Dimerization
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RTK: receptor tyrosine kinase



Different Intracellular Signal Molecules
Bond to Phosphorylated Tyrosine
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Primary Tyrosine Kinase Receptors and Their Ligands
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Primary Tyrosine Kinase Receptors and Their Ligands
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Different Intracellular Signal Molecules
Bond to Phosphorylated Tyrosine

Fig. 2-7 Main Signaling Substances in Cell Which Are the Target of Tyrosine Kinase Receptor Trans-
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Different Intracellular Signal Molecules
Bond to Phosphorylated Tyrosine
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Bonded Intracellular Signal Molecules then
Transmit the Signal to the Next Molecule

Mechanism of the activation of Ras/MAP kinase pathway
by growth factor and its receptor
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Example of a Growth Factor Signaling
Cascade
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Growth Factor Signaling and Cancer

Normal cell
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Growth Factor Signaling and Cancer

Normal cell Cancer cell

Cancer cells exhibit excessive growth factor signaling.
—  Runaway signaling
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Growth Factors and Oncogenes

Oncogene Growth factor Human cancers
SIS PDGF-B chains Brain, bone
erb-B1 EGF receptor Lung
ras Signaling molecules  Lung, pancreas, colon,
other

sSis (simian sarcoma virus)
erb-B1 (avian erythorblastosis virus)



Iressa Interferes with the Functioning of
EGF Receptors

Figure removed due to
copyright restrictions

Robert A. Weinberg, 2007, 7he Biology of Cancer,
Garland Science, Figure 16.33(A)

Dramatically effective against some lung cancers



Mutations Seen in EGF Receptors
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Blocks the kinase ATP-binding pocket "at source"
— Especially effective against lung cancers in Japanese women



Iressa Interference in EGFR Kinase Domain
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— Especially effective against lung cancers in Japanese women
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How to Cut Off Growth Factor Signals?

Molecular | | |
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rans-membrane Growth
Signal Actlvatlon Mechanisms
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PDGF results from two peptides forming a dimer
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rans-membrane Growth
Signal Activation Mechanisms
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PDGF results from two peptides forming a dimer
PDGF receptors are also activated by dimerization

¥ Reprinted by permission from Macmillan Publishers Ltd:
Blume-Jensen, P. and Hunter, T., Nature 411, 355-365, copyright (2001)



3D Structure of EGF and EGF Receptors

Ogiso et al. Cell (2002)

Courtesy of Prof. Osamu Nureki, U. Tokyo Institute of Medical Science



Mechanism of EGF Receptor Activation by EGF
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Herceptin Interference with EGFR Activation

Herceptin: Used to
treat breast cancer

Herceptin

Blocks the dimerization site in the EGF receptor

Courtesy of Prof. Osamu Nureki, U. Tokyo Institute of Medical Science



Mechanism of Antibody Binding
to the EGF Receptor Family

Figure removed due to
copyright restrictions

Robert A. Weinberg, 2007, 7he Biology of Cancer,
Garland Science, Figure 15.38b
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How to Cut Off Growth Factor Signals?

Neutralize with antibody
or other macromolecular
substance

Tyrosine Neutralize with low-
Kinase molecular-weight

compound (e.g. Iressa)

Molecular
Membrane

N\




Growth Factor Signaling and Cancer

Normal cell
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Growth Factor Signaling and Cancer

Normal cell Cancer cell

Cancer cells exhibit excessive growth factor signaling.
—  Runaway signaling
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Transforming Growth Factor- (TGF-B)

O Inhibits growth in many cells.
O Promotes production of extracellular matrix.

O Induces EMT
(epithelial-mesenchymal transition).



TGF-f—Smad Signaling
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TGF-B binds to type Il and type | receptors.
Both type Il and type | receptors have a serine-threonine kinase region.



R-Smad and Co-Smad

@® R-Smad (receptor-regulated Smad) undergoes
phosphorylation by type | receptors.

@® Co-Smad (common partner Smad) forms a complex with
phosphorylated R-Smad.

@® R-Smad:

The R-Smads activated by TGF-3 are Smad2 and Smada3.
The R-Smads activated by BMP are Smad1l, Smad5 and Smad8.

@® Co-Smad:

Only Smad4 is present in mammals.



TGF-f—Smad Signaling

1
1
! m o g B RS T R R R A AR R AR AR
AR AR R AR AR AR AR ‘h‘\(‘hﬂh Aty ‘N“"’W"M"’M* ity AR AR A RRR A ARARA
1"“‘4‘“«“iu-mh:‘«‘ilnkﬁ«qﬁw «iﬂ“ whﬂhhm‘h«H‘u;«uaaw««awq\Mﬁﬂwﬁ««w%u%kw‘.«wqwH‘q“qh««u«“hﬁw“w»«

Cytoplasm !’P P
yiop TRR-I ! R- Smad
TBR [ (ALK-5)

Co-Smad \ b

-
P



— O TeRp
Vd
AN

TGF-B Signaling

\

-

Type Il receptor

Type | receptor \

/ @ Smad2/3

~

‘ Transcription
coupling factor

\

1. Growth inhibitjon

2. Fibrosis
3. EMT

Target gene /




TGF-B Signaling

CENG

\

‘/§:>TGF{S —

J/

4ddne

Type(rece tor
Type | receptor

(ALK5)

Smad4

Abnhormal in hereditary
non-polyposis colon
cancer

Abnormal in
pancreatic cancer,
colon cancer

\_ N

=
=.(

/ @ Smad2/3

~

‘ Transcription
coupling factor

Tfanscription

~

1. Growth inhibitjon

2. Fibrosis
3. EMT

Target gene /




Negative Regulation of TGF-B Signaling
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Cyclin and CDK in the Cell Cycle,
and the Role of CDK-Inhibitors

Exit from
the M phase

Initiation of
the M phase

Cyclin B-Cdc2
complex

Cyclin
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Initiation of
the S phase

Cyclin E-CDK2
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' 1 G1 checkpoint "
§ G2 checkpoint
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© University of Tokyo

CDK: cyclin-dependent kinase



CDK-Inhibitor Functions
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Inhibitor Smads (I-Smads)

® In mammals, Smad6 and Smad7 function as I-Smads.

@® C-terminal regions (MH2 domains) resemble R-Smads
and Co-Smads.

@® Smad7 inhibits both TGF-B and BMP signals, and
Smad6 mainly BMP signals.

@® [-Smad expression is induced by such signaling
molecules as TGF- and BMP, and by such agencies as
shear stress, IFN-g, CD40 and UV irradiation.



Inhibitor Smads (I-Smads)
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Inhibitor Smads (I-Smads)
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Bone Morphogenetic Proteins (BMPSs)

O Belong to the TGF-B family.

O Discovered as factors promoting
the formation of bone and cartilage.

O Also present in invertebrates,
and play an important role in development.



Differentiation of Mesenchymal Progenitor Cells by BMP
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Versatile BMP
More examples

BMP—type Il receptor mutation:
Cause of idiopathic pulmonary

arterial hypertension

BMP-ALK-1 (type | receptor) mutation:
Cause of hereditary

hemorrhagic
telangiectasia

BMP-6 abnormality:
Abnormal iron absorption



R-Smad and Co-Smad

@® R-Smad (receptor-regulated Smad) undergoes
phosphorylation by type | receptors.

@® Co-Smad (common partner Smad) forms a complex with
phosphorylated R-Smad.

@® R-Smad:

The R-Smads activated by TGF-3 are Smad2 and Smada3.
The R-Smads activated by BMP are Smad1l, Smad5 and Smad8.

@® Co-Smad:

Only Smad4 is present in mammals.



Activation of TGF- Family Receptors
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Development of Inhibitors for BMP Type | Receptors
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Progressive ossifying myositis
(Fibrodysplasia Ossificans Progressiva (FOP))
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Progressive ossifying myositis
(Fibrodysplasia Ossificans Progressiva (FOP))
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Figure removed due to
copyright restrictions

26/09/2007(Wed) Yomiuri-shimbun evening edition
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Progressive ossifying myositis
(Fibrodysplasia Ossificans Progressiva (FOP))
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Summary

@® The signals of growth factors such as EGF and
PDGF are transmitted by tyrosine kinase receptors.

® TGF-3 family signals are transmitted by serine-
threonine kinase receptors.

@® Signaling studies lead to pharmaceutical
development.

@® Kinase activity inhibitors may serve as therapeutic
agents for cancer and other diseases.

@® Extracellular receptor antibodies may also serve as
therapeutic agents.
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