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Oncogeni: promuovono la proliferazione e la staminalità, inibiscono il 
differenziamento

(e.g. RAS, Raf, Myc, PI3K, beta-catenina, cycD1)

Oncosoppressori: 

gatekeepers: 
Inibiscono la proliferazione, promuovono il
differenziamento (e.g. pRB, APC, PTEN)

5



Figure 8.6 The Biology of Cancer (© Garland Science 2007)

Regolazione del ciclo cellulare 
da stimoli extracellulari 
(fattori di crescita-
citostatici/contatto cell-cell e 
cell-matrice)
e segnali intracellulari
(stato metabolico, integrità 
del genoma) 
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Figure 8.35 The Biology of Cancer (© Garland Science 2007)
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Attivazione di chinasi ciclina-dipendenti

segnale

8



Figure 5.1 The Biology of Cancer (© Garland Science 2007)
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Her2-Neu, ErbB, Ras, Raf

22



mutazione
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Tumor type Tyrosine-kinase
target

Inhibitor

Gastric cancer
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Il legame del GF causa la 
dimerizzazione del RTK e la 

fosforilazione dei domini 
intracellulari
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Un adattatore (GRB2) ed un 
fattore di scambio del nucleoside 
(SOS) collegano i recettori tirosin-
chinasi all’attivazione della GTPasi 

Ras
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SOS promuove la dissociazione 
del GDP da Ras. Il GTP si lega e 

causa la dissociazione di Ras attivo 
da SOS
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Figure 5.30 The Biology of Cancer (© Garland Science 2007)
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Figure 6.14 The Biology of Cancer (© Garland Science 2007)
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isoforms raise fundamental questions about their etiology. For
example, do themutation patterns reflect genetic or epigenetic
differences between Ras isoforms that may lead to differential
targeting ofmutagens or repair processes? Additionally, how is
this influenced by protein-level effects such as relative Ras
isoform abundance in tissues, cells, and subcellular compart-
ments, or possibly isoform-specific differences in the effects of
individual mutations on activity that combine to modulate the
signaling output and hence the relative oncogenicity?

Ras mutation etiology
Many genotoxic agents have been implicated in causing Ras

mutations. Investigators have identified sequence motifs that
correlate with highly reproducible mutagenesis. For example,
classic chemical carcinogenesis studies showed that methylni-
trosourea targets the second base of codon 12 of H-Ras and
K-Ras in a variety of cancer types to generate G12D mutations
(6, 7). In contrast, UV radiation targets pyrimidine dimers,
resulting in a high bias toward generating Ras Q61 mutations
(8). The general trends in the dataset indicate predominantly
bulky-adduct–induced damage for K-Ras mutations at codon

12, and chemical- or UV-radiation–induced damage for Q61
mutations in N-Ras.

It is clear that some of the observed mutational hetero-
geneity is due to tissue-specific exposure to different cock-
tails of mutagens. This is particularly the case when muta-
tion patterns are compared across a single isoform. For
example, lung cancer shows a highly distinctive coupling to
G12C mutations (Table 2). The G.C!T.A transversions that
generate the G12C mutation were associated in in vitro
studies with the formation of bulky DNA adducts by tobac-
co-smoke products (9). This specific mutation is most
common in current smokers, and its incidence progressively
declines to zero in former and never smokers (10). Although
G12C appears to be a diagnostic mutation of exposure to
tobacco-smoke mutagens, it is far less abundant in pancre-
atic and colorectal cancers that are also strongly linked to
smoking, indicating tissue-specific differences in exposure
to individual tobacco mutagens (11–13).

Other examples of potential tissue-specific mutagen expo-
sure are colorectal cancer and hematopoietic/lymphoid can-
cers, where K-Ras and N-Ras exhibit unusually high

Table 1. Incidence of Ras isoform mutations in cancer

HRAS KRAS NRAS Pan-Ras

Primary tissue þ n % þ n % þ n % %

Adrenal gland 1 135 <1% 1 210 <1% 7 170 4% 5%
Autonomic ganglia 0 63 0% 2 63 3% 7 102 7% 10%
Biliary tract 0 151 0% 460 1,471 31% 3 213 1% 33%
Bone 3 147 2% 2 165 1% 0 143 0% 3%
Breast 5 542 <1% 20 544 4% 7 330 2% 7%
Central nervous system 0 942 0% 8 1,032 <1% 8 995 <1% 2%
Cervix 23 264 9% 46 637 7% 2 132 2% 17%
Endometrium 3 291 1% 298 2,108 14% 1 279 <1% 16%
Hematopoietic/lymphoid 8 3,074 <1% 277 5,757 5% 877 8,540 10% 15%
Kidney 1 273 <1% 4 617 <1% 2 435 <1% 1%
Large intestine 2 617 <1% 9,671 29,183 33% 26 1,056 3% 36%
Liver 0 270 0% 21 450 5% 8 310 3% 7%
Lung 9 1,957 <1% 2,533 14,632 17% 26 2,678 1% 19%
Esophagus 2 161 1% 13 359 4% 0 161 0% 5%
Ovary 0 94 0% 406 2,934 14% 5 111 5% 18%
Pancreas 0 221 0% 3,127 5,169 61% 5 248 2% 63%
Prostate 29 500 6% 82 1,024 8% 8 530 2% 15%
Salivary gland 24 161 15% 5 170 3% 0 45 0% 18%
Skin 120 1,940 6% 38 1,405 3% 858 4,742 18% 27%
Small intestine 0 5 0% 62 316 20% 0 5 0% 20%
Stomach 14 384 4% 163 2,571 6% 5 215 2% 12%
Testis 5 130 4% 17 432 4% 8 283 3% 11%
Thymus 1 46 2% 4 186 2% 0 46 0% 4%
Thyroid 117 3,601 3% 137 4,628 3% 312 4,126 8% 14%
Upper aerodigestive tract 101 1,083 9% 52 1,535 3% 24 807 3% 16%
Urinary tract 138 1,242 11% 29 591 5% 9 398 2% 18%
Total 606 18,294 3% 17,478 78,189 22% 2,208 27,100 8% 16%

Most cancer types favor mutation of a single isoform (typically K-Ras). Data are collated from COSMIC v52 release. þ, the number of
tumors observed with the mutant Ras; n, the number of unique samples screened.

Oncogenic Mutations in Ras Isoforms

www.aacrjournals.org Cancer Res; 72(10) May 15, 2012 2459
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Figure 5.30 The Biology of Cancer (© Garland Science 2007)
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Cell Signalling Biology Michael J. Berridge ! Module 2 ! Cell Signalling Pathways 2 !11

Module 2: Figure Ras signalling
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Function of the monomeric Ras G protein in cell signal transduction.
Ras plays a role as a signal transducer to relay information from various external stimuli to a range of different Ras-dependent responses. When bound
to GDP, Ras is inactive. Cell stimuli act through different guanine nucleotide exchange factors (GEFs) such as Son-of-sevenless (SoS), RasGRF and
RasGRP to facilitate an exchange of GDP for GTP to create the activated Ras/GTP complex that can relay information through a number of signalling
pathways. The action of Ras is terminated by a variety of GTPase-activating proteins (GAPs) that accelerate the ability of Ras to hydrolyse GTP back
to GDP.

the phospholipase D signalling pathway (Module 2: Fig-
ure PLD signalling).

Son-of-sevenless (SoS)
Son-of-sevenless (SoS) is a classical Ras guanine nucle-
otide exchange factor (RasGEF). Its mode of action is
evident in the way the platelet-derived growth factor re-
ceptor (PDGFR) is linked to the mitogen-activated pro-
tein kinase (MAPK) signalling pathway (Module 1: Fig-
ure PDGFR activation). SoS binds to the Src homology 3
(SH3)-containing adaptor growth factor receptor-bound
protein 2 (Grb2), which is attached to the phosphotyr-
osine residues of the activated receptor. Once it is associ-
ated with the receptor, SoS comes into contact with Ras
and can begin to facilitate the exchange of GDP for GTP,
thus creating the active Ras/GTP complex that begins to
stimulate the MAPK signalling pathway (for further de-
tails see Module 2: Figure ERK signalling).

Ras guanine nucleotide release-inducing factors
(RasGRFs)
The Ras guanine nucleotide release-inducing factors
(RasGRFs) and Ras guanine nucleotide releasing proteins
(RasGRPs) are also important GEFs that can relay inform-
ation to Ras. The RasGRFs, which are strongly expressed
in brain, are particularly important for the activation of
the MAPK signalling pathway in neurons, where they re-
spond to activation of N-methyl-d-aspartate (NMDA) re-
ceptors. One of the functions of the latter is to gate Ca2+,

which then acts through calmodulin (CaM) to stimulate
RasGRF. This is a highly localized signalling event, be-
cause the RasGRF is associated with the NMDA receptor
and thus responds to the microdomain of Ca2+ near the
mouth of the channel. This signalling mechanism func-
tions in neuronal gene transcription (Module 10: Figure
neuronal gene transcription).

Ras guanine nucleotide releasing proteins (RasGRPs)
The Ras guanine nucleotide releasing proteins (RasGRPs)
are mainly expressed in haematopoietic cells (Module 2:
Table monomeric G protein toolkit). These GRPs are also
known as CalDAG-GEFs because they are sensitive to di-
acylglycerol (DAG) and Ca2+. They contain a C1 domain
that binds DAG and they also have a pair of Ca2+-binding
EF-hands. The sensitivity to both DAG and Ca2+ sug-
gests that these RasGRPs may couple phosphoinositide
signalling to the activation of the various pathways that
are linked to Ras (Module 2: Figure Ras signalling).

Rac signalling mechanisms
The Rac signalling pathway has an important role in ac-
tivating a number of signalling pathways (Module 2: Fig-
ure Rac signalling). Like other G proteins, Rac functions
as a binary switch. It is inactive when bound to GDP,
but when this GDP is exchanged for GTP, the Rac/GTP
complex becomes active. External stimuli can activate this
switch using different guanine nucleotide exchange factors

C©2009 Portland Press Limited www.cellsignallingbiology.org
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NF1 (neurofibromin): An important tumor suppressor in familial and 
sporadic cancers

neurofibromatosis: familial cancer syndrome
Benign neurofibromas (peripheral neural system) that occasionally may 
progress into neurofibrosarcomas + risk of other cancer types

DAB2IP: A tumor and metastasis suppressor that functions by 
concurrently regulating different oncogenic pathways

RASAL2: another tumor and metastasis suppressor

p120 RAS GAP and RASAL1: mutated in some cancers
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Figure 16.8 The Biology of Cancer (© Garland Science 2007)

Inibitori delle tirosina chinasi
EGFR inhibitors:
Erlotinib
Gefitinib
Block ATP-binding site

Mabs
Trastuzumab

Meccanismi di resistenza a questi
agenti dipendono da mutazioni a 
carico dei recettori stessi e/o di 
componenti a valle nelle
pathways di risposta ai GF 
e.g. Ras, Raf, PI3K, PTEN
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Farnesilazione

L’enzima farnesil-transferasi è cruciale 
per la localizzazione di Ras alla 
membrana ed è stato considerato un 
bersaglio razionale per la generazione 
di nuovi farmaci contro il cancro: FTI

risultati preclinici = promettenti 

Risultati trial clinici = scoraggianti 

Nell’uomo, Ras è modificato anche dall’enzima geranil-geranil-transferasi.
L’utilizzo di GGTI è promettente perchè blocca anche l’attivazione di altre GTPasi di 
membrana tra cui RhoA
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Active monomer
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NB Sorafenib è un multikinase inhibitor 44



Active monomer Drug-resistant dimer
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Active monomer Drug-resistant dimer
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Trastuzumab
Erlotinib
Gefitinib
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