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Growth Factor Receptors and Other
Signaling Pathways

What we will cover today:

-How signaling proteins recognize upstream
and downstream partners

-How this process has been altered in
cancer cells

-Mechanisms of initiating signals through
cellular GF receptors



Cell-Cell Communication

* Maintenance of tissue architecture (cell type,
stage of differentiation, cell number)

= e =N 0~
e la! g ‘5,'

* Response to stimuli or I
changes in the status quo y Sy

- Control of cell growth
(#)
- Control of motility

Stomach epithelium:
mucus-secreting cells

Figs 2-6C The Biology of Cancer (Garland Science 2007)
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Presenter�
Presentation Notes�
Arch: not just where cells are but what type… cells of many tissues are replaced regularly; critical to proper function of the tissue -dependent on close communication between different cells and cell types in the tissue 

Stimuli: response to infection, for cancer most relevant signals: cell growth = proliferation; and motility 

Next few lectures will discuss network that allows communication; start w control of cell growth �


Turning on Proliferation in
Normal Tissues

» Normal cells (and tissues) have
capacity to proliferate (and to stop
proliferating) when appropriate

» How is the decision to proliferate
communicated?


Presenter�
Presentation Notes�
How communicated not trivial: cells surrounded by membrane barrier

Instead of having signalling molecule pass through the membrane, cells have evolved a mechanism to protect cell:pass signal from one molecule to the next (=signal transduction)�


Signal Transduction

Relay of signal from extracellular environment
to interior of cell

» Relay very fast

* Usually through series of protein-protein
Inferactions

» Frequently involves phosphorylation of
signaling proteins

+ Different messages use different pathways


Presenter�
Presentation Notes�
Many different types of signals (to grow, to differentiate, to secrete, to move) use similar strategies

(click)Fast: cells must be always primed to send a signal

Not: phosphate group passed from one protein to another:�


Signaling Pathways

» Growth factor receptors (GFRs):
proliferation

- Wnt/B—catenin: differentiation,
proliferation

+ Integrins: cell-cell contact, adhesion
» NFKB: proliferation, blocks apoptosis

- Notch: cell fate determination



Presenter�
Presentation Notes�
Notch: lineage determination: development and differentiation�


Generic Signaling Pathway

Ligand (extracellular)

]

Receptor (cell surface)

]

Series of signal transducers
(cytoplasmic)

Transcription factors (huclear)

]

Gene targets (nuclear)


Presenter�
Presentation Notes�
Ligand: in signaling, a molecule that binds specifically to a receptor and activates its signaling

If signal is to grow, then ligand called a growth factor

Notch shortcuts some of these intermediates

much of cancer research from past 20 years has focused on working out these signaling networks, still not solved all the pathways 

Lecture will go thru layers, contrast what is happening in a normal tissue to what is happening in tumors



�


Growth Factor Receptor
Signaling Pathway(s)



Autocrine, Paracrine and
Endocrine Signals

Refer to signaling paths of hormones or
factors released by one cell and acting upon:

- the same cell - ?
- a hearby cell in the same tissue - ?
- a cell in a distant tissue - ?


Presenter�
Presentation Notes�
A, p, e

�


Initiation of the Proliferation
Signal in Normal Tissues

i . extracellular
Growth factors (GFs): proteins environment

released by one cell that signal

to another cell (target cell) that cF
it is Time to divide é
Receptor on target cell = sensor A
(detects growth factors in the receptor,%:%
extracellular environment) el

Receptor transfers information membrane
from growth factor to interior |
of cell @Q

Figs 5-12 The Biology of Cancer (Garland Science 2007)  Interior of
target cell 49


Presenter�
Presentation Notes�
(these GFs paracrine or endocrine)

More dynamic than it appears in schematic

Exit: one of the times that proliferation can be induced in a normal tissue is after tissue has been wounded. When blood vessels or capillaries rupture during wounding, they release platelets into the tissue. Platelets aggregate to form a blood clot. One function of platelets besides forming clot to stop blood flow, is to initiate proliferation process. Do this by secreting a growth factor (autocrine, paracrine or endocrine signal?) (next slide). �


Activation of Growth by PDGF
Signaling Pathway in Normal Cells

Platelet derived growth S
factor (PDGF): potent b g
attractant and mitoger™
for fibroblasts

Wounding assay (normal
cells): monolayer of
fibroblasts, before (L)
and after (R) PDGF
Bottom: same, except
cells are PDGF receptor-
negative

*Mitogen: an agent that
induces cell proliferation

: e S S o
Figure 5-4a The Biology of Cancer (© Garland Science 2007)
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Enter: Mimic this type of paracrine signaling by platelets in vitro, using PDGF

R 48 h later

Bottom: same, except cells have been mutated so that they don’t express PDGF receptor 

This is normal cells�


Initiation of the Proliferation
Signal in Normal Tissues (cont'd)

extracellular

Growth factors (GFs): proteins environment
released by one cell that signal =
to another cell (target cell) that

it is time to divide é

Receptor on target cell = sensor é
(detects growth factors inthe | ceptor »E% %3
cell

extracellular environment)

* Receptor transfers information membrane
from growth factor to interior =] | &=
of cell

Figs 5-12 The Biology of Cancer (Garland Science 2007)  Interior of
target cell 15


Presenter�
Presentation Notes�
Signal? Identified in studies on src�


Growth Signaling in Normal Cells:
Phosphorylation of Receptors

» Certain amino acids within proteins .
can be modified by covalent g S
attachment of phosphate group 2
(PO,): phosphorylation alters § £§
activity — —

 Kinases. enzymes that catalyze
phosphorylation 83—

* Most protein phosphorylation at
serine and threonine 48- .

* Phosphorylated tyrosine (p-tyr) 5. N
rare: first identified in studies -
with Src 2

P-tyr-containing proteins in extracts of
normal or Src-transformed cells


Presenter�
Presentation Notes�
Src is non-receptor tyr kin

Fig: proteins separated by MW

(Ab vs. P-tyr) Tyr kin activity very robust in src transformed cells�


Growth Signaling in Normal Cells:
Tyrosine Phosphorylation

P-Tyr: mitogenic signal

GFRs frequently have tyrosine kinase activity

Tyrosine phosphorylation occurs extremely
quickly after exposure to growth factors

Receptor itself frequently phosphorylated on
tyrosine

0 sec 30 sec EGF 60 sec EGF 60 sec AG1478

B L il Be Mg, o 3 S,
S A | i) = 7 £ T Nk
:f; i 9) " AL ﬁ: ﬁ L

- § \.‘._ At 3
Figure 5-13 The Biology of Cancer (© Garland Science 2007) Blue: overexpression of pTyr-EGFR; red: underexpression
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AG1478 inhibits EGFR phosphorylation 

Monkey kidney cell�


Receptor Tyrosine Kinase Families

Structure of RTK families

( immunoglobulin-
Cysteine-l like domain
rich
domain —

Ectodomain<
(ligand binding) I

tyrosine

kinase

Cytoplasmic domain < domain
(signal transmitter)

EGF insulin NGF FGF

receptor receptor, receptor receptor
- IGF-1 PDGF VEGF
receptor receptor, receptor
M-CSF
receptor

Figure 5-10 The Biology of Cancer (© Garland Science 2007)

ss,_|s 8
\ s
Transmembrane { b
domain (anchor) ¢/ Kinase CYTOPLASM Membrane
L — |

fibronectin type lllI-
like domain

EXTRACELLULAR

SPACE
_ plasma

insert
region

Eph
receptor
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Presentation Notes�
EGFR prototype: first GFR from normal cells studied

Ectodomains highly variable: ligands are very different

Domain is a section of a protein that has a particular function

58 TK genes have been identified (many not yet linked to cancer)

Exit: How are these receptors activated to send a signal?�


How Are Receptors Activated?



Simple Dimerization Model for
Receptor Activation

GF dimer binds to receptor monomer

Complex moves through membrane until it encounters another
receptor monomer

GF dimer acts as bridge to dimerize the receptor

Dimerization induces srowth factor
hosphorylation of moleules
yr on receptor & %

Catalytic site in TK £ ) R .

domain exposed,

allowing access to plasma
substrates (the next T membrane
contact in the signal J-kinase | |, transphosphorylation

sites on receptor

partner B

|0

relay) and/or other S~
Y) ol Po
o—
Qo—
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Normal cell Receptor monomers move around 

Ligand cross links the receptor molecules by forming a bridge (ligands can be dimers, ligands can be linked by another protein to form dimer;  ligands can bind separately each changing conformation exposing dimerizatin domain)

Receptors much more flexible and dynamic than they look here

Phosphoylation of receptor C-region keeps it active�


Mechanisms of Disrupting
Controlled Growth Factor
Signaling in Cancer......
At the Level of the
Receptor GF Interaction

18
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Presentation Notes�
First: mutations related to GFs�


Autocrine Signaling

Cancer cells release growth factors into
immediate extracellular environment

GF binds to receptors on same or
neighboring cells

J

o
NB
activation
of GF gene

i/ PP
I\

normal cell autocrine signaling

Figure 5-12b The Biology of Cancer [© Garland Science 2007)
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Cancer cell on R�


Autocrine Growth Loops in
Tumor Cells

« Dangerous for tissue organization: cell
confrols its own proliferation independent of
normal growth signals

e How?

»Cell type naturally expresses the GF
receptor: during transformation, growth
factor gene activated

»>Or converse: receptor expression activated
in cells already producing the growth factor

20
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Presentation Notes�
One step on the way to hyperplasia 

End: former more common (Or  can be combination of the two). �


Autocrine Signaling in Breast
Cancer

Successive sections of invasive
human breast cancer stained for

- Red: epidermal growth factor
receptor (EGFR%

- Green: ligand of EGFR (TGF-

o)

Cells that express both receptor
and ligand appear yellow when
images superimposed

Figure 5-12c The Biology of Cancer (© Garland Science 2007)
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Presenter�
Presentation Notes�
(explain section)

EGFR normally expressed on mammary epithelial cells (BrCa derived from epithelial cells)

Ligand here (TGF-alpha) not normaly expressed in high levels by mammary epithelial cells�


Autocrine GFs Produced by Many
Types of Human Tumors

* PDGF produced by some sarcomas (PDGF-R
normally on fibroblasts)

- >1 autocrine growth loop possible: extreme
case: Kaposi's sarcoma tumors

- 7 different cellular GFs and their
receptors

- GFs for two additional autocrine loops
contributed by HHV-8 (the virus associated
with Kaposi's sarcoma)

22
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Presentation Notes�
research aided by study of a simian retrovirus carries a oncogene related to PDGF (only transforms fibroblasts, because only fibroblasts have the PDGF R)

KS (PDGF, TGFb, IGF1, Ang2, CCl8/14, CXCL11, endothelin) + HHV8 vIL6, vMIP

Exit Besides autocrine signaling, signaling pathways activated in cancer by other means….�


Growth Factor-Independent
Signaling
> Mutations that enhance dimerization lead to
enhanced signaling, such as...

1. Higher concentration of GFRs on surface of
cancer cells than on normal cells

« Elevated transcription

* Gene amplification

« Decreased cycling away from surface
2. Structural alterations in GFR

23
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endosomes

Latter illustrated in next slide�


Deregulation of Receptor Firing

» Mutations (fusions, deletions, point mutations) in
receptor protein

GF
é Normal Cancer
(
: ligand binding mutations
-4 -

or
tyrosi |
= = yrosine plasma == = = =
== = — kinase — a—— —=
== = . membrane = e T =
domain
ligand-dependent normal ligand-independent
firing receptor

firing

Figure 5-12a The Biology of Cancer (© Garland Science 2007)
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Presentation Notes�
General Model: 1 mutation: ligand independent dimerization; 2 mutation: permanently activated mutant receptor

Rat neu (HER2) has point mutation in transemembrane domain favors dimerization

EGFR alternatively spliced in cancer: truncates receptor: little ectodomain

Examples of fusions that de-regulate receptors on next slide�


Gene Fusion Causing Constitutively
Dimerized Receptors in Tumor Cells

Ros PDGF-R FGF-R Trk Met Ret
Fusion of TK domain |
of receptor genes ss‘
(black type) Yo
unrelated genes 8  Norma
encoding proteins GFR
that normally form
dimers or oligomers
(pink type) |
! " Rou ! 5 & & receptor
Hybrid protein e U R B R e
dimerizes with s o B
I'I'S€|f, r'elays sngnal Tel ~  BCR Tkgc Hef fuskon
Hipl  FGF-R3 'Fel KT:\I% PRRE
Cev4 igH RFG9
Rab-5 Tel ELKS
PCM1

Biology of Cancer (© Garland Science 2007)
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Signal Transducers in
Normal Cells

26
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Presentation Notes�
(halfway: 10:10)�


Mitogenic
Signaling

Cascade 9

plasma membrane
\

= growth factor
Qg = receptor

\\HH/

\ activation
Q/// l of translation
‘ factors
alteratlon of ‘ .
cytoskeleton - activated
= . = ser/thr
Amplification cytoplasm — 5 — kinase
of signal \
nucleus _ _
_._l activated
® @-0 transcription
Q-O l factors

50-100 genes

within 30 min

CXPI"ZSSZd - early genes

immediate Q{b RV

S-S

Encode transcription factors,

cytoskeletal proteins

® Snmomma

Growth, motility, survival



Presenter�
Presentation Notes�
Overall view of what happens when cells exposed to mitogen or GF

After click: IE not only transcription factors, also cytoskeletal proteins (actin)

Delayed early within an hour: growth, motility, survival signals

Amplification v imp: at each step�


How are Signals Relayed from
receptor-GF to Intracellular
Destination?



Signal Relay

<.> * Intracellular protein

docks on activated
receptor

* Intracellular protein
relays the signal to
hext partner

P9 e
000 7

29


Presenter�
Presentation Notes�
Exit: Much comes from study of src.�


Src Kinase as Model for
Signal Transducing Molecule

SH3 domain *

.../' = g\

Activation
loop

" C-lobe

SH2 domain SH1 domain

e Biology of Cancer (© Garland Science 2007)

Structure of Src protein 30


Presenter�
Presentation Notes�
Src kinase (non-receptor tyrosine kinase): model for other tyrosine kinases (recognition of signaling partners and signal relay) 

3 domains: sh (src homology)

Sh1: TK domain: All RTKs have sequence and structural homology to the SH1 domain of Src (2 lobes etc); activation of src illustrated in movie

Sh2: small domain (100 amino acids), allows intx with protein which has phosphy-tyr res, 

sh3 in a minute�


SH2 Interacts with p-Tyr

Proteins

» >100 distinct SH2 domains, each part of
different protein

+ All SH2 domains bind p-Tyr followed by
3-6 amino acids embedded within partner
protein at its C-terminal site

SH2doain » Each SH2 domain specific for different
set of 3-6 amino acids

binding site for binding site for

. SHZ domGinS found On Var.ie.ry phosphotyrosine amino acid side chain
of signaling proteins always in
combination with other domains

» SHZ2 is independent module



Presenter�
Presentation Notes�
End of bullet 1: Sh2 domains not just in src kinase; SH2 domains have some sequence homology to each other, 

After third bullet: SH2 containing protein connects to pTyr containing protein setting the stage for relay of the signal (click)

Exit: intx explains how RTKs signal�


- SHZ2-containing proteins

Docking of Signal Transducing
Proteins on pTyr-Receptors

*+ SH2-containing proteins home Kecepion
to activated receptor at
specific sites

tethered to receptor might be
substrates for the RTK, and/or

» Localization may be more
important: tethered SH?2
proteins interact with other
membrane-associated proteins
or phospholipids at higher rate
than if they weren't in close
proximity

579
581 YIYV

740 YMDM
751 YVPM
771 YMAP

1009 YTAV
1021 YIIP

32

Figure 6.9a The Biology of Cancer (© Garland Science 2007)
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Presentation Notes�
(amino acid number, and flanking amino acid sequences are indicated) (Click)… 

maybe don’t all bind together to a single activated receptor (click)…

PI3K: phosphatidyl inositol kinase acts on molecules in membrane (later in lecture)

PLC phospholipase C: cleaves membrane assoc protein PIP2 which is imp in intracellular signaling

Conc at memb maybe more imp, Will get back to this last point when we discuss ras activation

[I isoleu, Y tyr, v val, m met, D asp, P pro, A ala,T thr]�


SH3 Domain Interactions

- > 250 genes encode proteins

with SH3 domains SH3 domain

+ SH3 domains bind to proline-
rich sequences in partner
proteins

» SH3 acts as independent
module

33
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Presentation Notes�
Enter: SH3 domain of src also has motifs present in other proteins

Brings 2 proteins together

[Yeast have sh3 domains (SH2 not that ancient)]

Examples of other proteins that carry similar modules shown on next slide

�


Protein Interaction Domains
as Modules

* Most signaling molecules
interacting with RTKs
have >1 SH2 domain
(some also have >1 SH3
domain)

» Some signaling
molecules have enzyme
activities

» Some have no catalytic
function and act as
bridges (adaptor
proteins)

Fps

Src

Syk

GAP -
—[SH3}-{sH2|-{SH3]-/SH2~ PH — GAP
PLC-y

—(PLC)[sH2}-{sH2}-[5H3]-(PLC

Grb2
~SH3}~SH2~{SH3|-—

Nck

SH3[~{SH3|~|SH3|-SH2—

Rectangles: protein-protein binding
modules; Oblongs: catalytic domains

34


Presenter�
Presentation Notes�
(give examples of enzymes)

Other modules identified in proteins involved in signaling intxns (next slide)

GAP= (GTPase activating prot

PLC = phopho-lipase C

Fps, src, syk = TKs]�


®

Binding Domains Associated with

Name of domain

Mitogenic Signals

SH2 PTyr plus 3-6 amino acids at C-
terminal side

PTB pTyr plus 3 amino acids at the N-
terminal side

SH3 proline-rich

14-3-3 phosphoserine

Bromo acetylated lysine

PH (pleckstrin
homology)

membrane phospho-inositides (eg,
PIP3)

35
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Presentation Notes�
These 6 are imp for mitogenic signaling (32 others identified)

Ptb ptyr binding�


Early Steps of Mitogen

Signaling Pathway

» Grb2 and Shc are adaptors linking
receptors to the next signal in relay

plasma

membrane Q@ ¢
\

plasma

men'{brane -

z

Grb2 TK Grb2

SH3
HZSH"') 1 Shc SH2
5|-|3% SH3

TK
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Presentation Notes�
Generic:

L: sh2 domain of grb2 binds ptyr on receptor, 

R This P-tyr site in this receptor is not recognized by the SH2 domain of Grb2 (SH2 domains are sequence specific: Shc can be used to bridge grb2 to receptor



Exit: Next relay molecule on following slide

(Next year animate each step)�


Growth Factor Receptor
Signal Relayed To Ras

(A)

plasma

mem\brane
* Ras tethered to membrane
by lipid tail

TK Grb2 b ¢. ‘Here, role of adaptor is to
@3 bring Sos close to membrane
\_/ so Sos can activate Ras
(B)
plasma

mem\brane ' 4

]
TK \ \ Grb2

Figure 6-12 The Biology of Cancer (© Garland Science 2007)

1.6 ¢
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Presentation Notes�
A pivotal protein involved in relay of mitogenic signals from the cell surface to nucleus is the protein ras (tethered..farnesylation)

Sh3 domains of grb2 bind proline rich region of sos. 

How does sos activate ras? (next slide)�


Ras Activation is Controlled
by a Binary Switch

upstream stimulatory

INACTIVE signal and Ras
GTP hvdrolvsi activation triggered
ydrolysis bv GEF
and Ras P; HEE y
inactivation . . .
induced by (guanine nucleotide
GAP exchange factor e.g.,
(GTPase- Sos)
activating protein)
GTP
\ i Ras)\/”j//é
=
Iy N
@b
downstream

ACTIVE signaling

Figure 5-30 The Biology of Cancer [® Garland Science 2007)

GDP = inactive
GTP = active 38



Presenter�
Presentation Notes�
GTP binding activates ras (this is not the same as phosphorylation: not just phosphate group, but the whole nucleotide is bound) The phosphate group is never covalently attached to ras (as it would be if ras was acted on by a kinase)

GTPase (part of Ras) hydroyzes GTP in active ras

GEF is not kinase, GAP is not phosphatase

High proportion of cancers have mutations in ras (3 codons only: near GTP binding site: prevent GAP from working)

�


G TP-bound Ras Transmits Signal
to downstream partners.



Activated Ras Structure

+ GTP-bound Ras
exposes effector
loop for binding
to downstream
partners

* Binding to Ras
tethers partners
to membrane
and/or induces
conformational
changes in
partners that
activates them

Blocks GTPase
Activity

(Raf) /effector

E37G loop (Yellow)

X (Ral-GEF)
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G12V: mutation that blocks GTPase: keeps ras in active state

Other mutations make ras interact preferentially with different partners

Intx: changes conformation (sometimes partner may get phosphoyrlated, but mech not well defined�


Ras Signaling can be Relayed
down Three Different Pathways

[ Y
: Ral-GEF
PTK Raf (MAPKKK) |
PIP; || Ral-A Ral-B
MEK (MAPKK) \ /
AktlIIDKB Rho-GEFs RalBP1
v ?
{ | i Erk1 or 2 (MAPK) / \,
Bad | GSK-3p | Cdc42 Rac
inhibition stimulation 1 l
of apoptosis ~ MTOR of cell 1 l 1 l 1 1 . g .
stimulation  , jiferation filopodia lamellipodia

Mnkl RSK Mnk1 Ets Elk-1 SAP-1

of protein
synthesis
(cell growth)

L ]
I
l (transcription)

elF4E
(protein
synthesis)

MAPK pathway

Figure 6.14 The Biology of Cancer (© Garland Science 2007)
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Presentation Notes�
Each group discussed separately.

This raf pathway is responsible for most of the transforming power of oncogenic ras: 

Map Kinase cascade on next slide

�


Mitogen Activated Protein Kinase
(MAPK) Signaling Pathway

Ras « MAPK pathways highly
conserved (not just
proliferation signal)

Raf (MAPKKK) « 3-tiered signaling unit
l « Rafis a ser/thr kinase

« MEK Is a dual-specific kinase
(both ser/thr and tyr are
substrates)

MEK (MAPKK)

Erk1 or 2 (MAPK)

42
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Presentation Notes�
Raf/mek/erk is one specific MAPK pathway

Phosphorylation is activating in this cascade

Erk is very important!!!�


The MAP Kinase Pathway

Kinases
e.9. Sr¢, PAK

RasGTP |

L

membrane

Substrates in cytosol
and cytoskeleton

Substrates
in nucleus . /'ﬂ Gene transcription

The organisation and function of the Ras-Raf-MEK-ERK pathway
Expert Reviews in Malecular Medicine © 2002 Cambridge University Press
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Presentation Notes�
The organisation and function of the Ras–Raf–MEK–ERK pathway. The binding of epidermal growth factor (EGF) induces receptor dimerisation and autophosphorylation (P) on tyrosine residues. These phosphotyrosines function as docking sites for signalling molecules including the Grb2–SOS complex, which activates the small G-protein Ras by stimulating the exchange of guanosine diphosphate (GDP) for guanosine triphosphate (GTP). This exchange elicits a conformational change in Ras, enabling it to bind to Raf-1 and recruit it from the cytosol to the cell membrane, where Raf-1 activation takes place. Raf-1 activation is a multi-step process that involves the dephosphorylation of inhibitory sites by protein phosphatase 2A (PP2A) as well as the phosphorylation of activating sites by PAK (p21rac/cdc42-activated kinase), Src-family and yet unknown kinases. Activated Raf-1 phosphorylates and activates MEK (MAPK/ERK kinase), which in turn phosphorylates and activates extracellular-signal-regulated kinase (ERK). The interaction between Raf-1 and MEK can be disrupted by RKIP (Raf kinase inhibitor protein; not shown). The whole three-tiered kinase cascade is scaffolded by KSR (kinase suppressor of Ras). Activated ERK has many substrates in the cytosol [e.g. cytoskeletal proteins, phospholipase A2, and signalling proteins including tyrosine kinase receptors, oestrogen receptors, SOS, signal transducer and activator of transcription proteins (STATs) and others (Refs 10, 11)]. ERK can also enter the nucleus to control gene expression by phosphorylating transcription factors such as Elk-1 and other Ets-family proteins. Grb2, growth-factor-receptor-binding protein 2; SOS, ‘son of sevenless’; SRF, serum response factor (animated version of Fig. 2)�


Activities of Erk

* Phosphorylates cytoplasmic substrates

- Translocates to the nucleus and

Ehosphor lates transcription factors (Ets,
lk-1, SAP-1)

* Phosphorylates a kinase that in turn
activates protein synthesis machinery

* Phosphorylates other downstream kinases
that activate transcription factors

- TFs activate growth promoting genes and
contribute to anchorage independence
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Presentation Notes�
Ras, raf and downstream transcription factors are all associated with cancer development�


Ras Pathway Controlling Inositol
Lipids and Akt/PKB Kinase

d

j_

PIP

PI3K

Akt/PKB Rho-GEFs

|
!

(cell growth)

| il
Bad | GSK-38
inhibition stimulation
of apoptosis ~ MTOR of cell
stimulation g iferation
of protein
synthesis

v

v
MEK (MAPKK)

v
Erk1 or 2 (MAPK)

Raf (MAPKKK)

Vo

Mnk1l RSK Mnk1 Ets

Vol

Elk-1 SAP-1

Ral-tiEF
Ral-A Ral-B
%o
RalBP1
Cd:é \R'ac

.

filopodia lamellipodia

L
I
l (transcription)

elF4E
(protein
synthesis)

Figure 6.14 The Biology of Cancer (© Garland Science 2007)
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Presentation Notes�
First few stages of pathway detailed on next few slides. First stage… events that occur at the membrane (ras tethered to membrane)�


Inositol Lipids and Mitogenic
Signaling

* Phospholipids can have
more than just
structural function in
membrane: cytoplasmic
"head" of phospholipid
can bind inositol

_ Jlipid
|| | bilayer

hydrophobic
lipid tails

* Release of phosphorylated inositol (IP;)
from the membrane: intracellular signaling
("second messenger") but also...
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After first bullet: inositol can then be phosphorylated in several stages to generate imp precursors of signaling molecules, including IP3…�


Inositol Lipids and Mitogenic
Signaling (cont’'d)

PLASMA MEMBRANE

O—$ §—O CYTOPLASM
(o B0
P

* Phosphorylation by PI3
kinase generates PIP;
which remains in

membrane
+ PI3 kinase activity N
enhanced by Ras binding ol e
* PIP; acts as anchor for &
certain proteins to bind phosphatidyl-

inositol (3,4,5)

o plasma membr'ane triphosphate

(PIP3)
47
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PI3K phosphorylates a phospholipid (PIP2, ) not a protein

Phosph #3 position�


Docking of PH Domain of Akt/PKB to PIP,

PDK1, PDK2

G ™ |

7711V VN

Figure 6.19a The Biology of Cancer (© Garland Science 2007)
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Presenter�
Presentation Notes�
Akt v imp molecule in signaling (ser/thr K) PDK1,2 are kinases that activate AKT

Level of PIP3 highly controlled: nonproliferating cells v low (click)

What does activated akt do?�


P13 Kinase Pathway

The PI-3Kinase Pathway

Insulin/IGF-1(GF)

PI}I-..I “PDK2 (ILK)

// ko

Triciribine;

Wortmannin: Ald-AdA
Ap85-PI3K

Apoptosis
Cell Survival Cell Cycle

> PTEN mutation is linked to numerous cancers



What does Akt/PKB do?

* Inhibits pro-apoptotic proteins b
phosphorr;la’rinpg E)rhem P !
—> prevents apoptosis

» Inhibits anti-proliferative proteins by
phosphorylating them

—~>causes cells to divide
> stimulates protein synthesis
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Presentation Notes�
Pro-apoptotic: bad, caspase 9, IKK

Anti-prolif: gsk3beta, p21�


The Ras-regulated Ral Pathway

Ras
|l|
|
PI3K Raf (MAPKKK) e
| j
PIP MEK (MAPKK) | l
—— Ral-A Ral-B
Aktnl:)KB Rho-GEFs Erk1lor2 (MAPK) \ /
RalBP1
| | | R
Bad l GSK-38 Mnk1l RSK Mnk1 Ets Elk-1 SAP- :
inhibition | stimulation l ' I
of apoptosis ~_MTOR of cell (transcription)
stimulation 5 jiferation elF4E
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Presentation Notes�
Ral = ras-like (Proteins related to ras)

For this  class, pathway not so imp, but the output of  the pathway is: motility

That’s it for ras�


Signaling Directly from Plasma
Membrane to Nucleus



The Jak-STAT Pathway
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Presenter�
Presentation Notes�
1.Jak Tyrosine Kinase )Jak1 and Tyk2)—responds to cytokine receptors

2. Upon receptor binding They Ty Phos each other

3. Then Ty Phos c-terminal tail

4. Phos c-term is docking site for Stat proteins which are then Ty phos by Jak and tyk

5. Stat 1 and 2 bind to each other and go to nucleus as transcriuption factor.�


Signaling From Cell Adhesion
Receptors



Integrin Signaling

ECM-binding domains
| | | |




Cell Adhesion Receptor and GFR
Signals Converge
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How can cells keep their signals straight?



Why do different cells behave so
differently if they use the same
signaling pathways??

+ Different spectrum of receptors on each cell

+ Similar but non-identical forms of many signaling
proteins (e.g., multiple ras genes)

* Multiple concurrent signaling pathways (cell type
specific?)

» Positive and negative feedback loops modulate flux of

signal (over 100 phosphatases (remove phosphates from
pTyr proteins) that we know little about)

» Intracellular diffusion rates & locations of signaling
molecules important but not understood

* The whole process is dynamic
58


Presenter�
Presentation Notes�
Each cell type displays a different spectrum of receptors

Similar but non-identical forms of many signaling proteins (e.g.,multiple ras genes) 

Each cell uses a number of different signaling pathways to control proliferation

Positive and negative feedback loops modulate flux of signal (over 100 phosphatases (remove phosphates from pTyr proteins) that we know little about)

Intracellular diffusion rates and locations of signaling molecules are important but not understood

Different cell types use different combinations of pathways

The whole process is dynamic

�


Modulating the Signal

- Localization

- Concentration

- Activity (by dimerization, GTP
binding, phosphorylation,
proteolytic cleavage) of signaling

molecules can be used to regulate and
fine tune the signal

+ Essentially all 3 of these are
dysregulated in cancer
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Presentation Notes�
Localization (near the membrane, cyto vs nuclear, etc

Conc: orders of magnitude�





Summary

» Growth factors bind receptors, induce signal to divide
* Proliferation signal frequently controlled by receptor
tyrosine kinases (RTKs)

* Most RTKs dimerize to transmit signal

» Hyperactive growth signaling common in cancer: over-

expression of GFs or GFRs, mutation in GFR proteins
+ Targets of mitogenic signaling are genes involved in
growth and differentiafion, and proteins important for
motility, metabolism,and protein synthesis
»+ SH2 domains in signal transducers bind specific pTyr
sites in signaling partners; SH3 domains bind proline-
rich regions
Kinases important in many signaling ﬁa’rhways
» Each cell uses multiple signaling pathways to control
proliferation
- Activation of signaling pathways associated with many
kinds of cancer
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