


Circuito effettore di Ras
- Interagisce con diverse proteine
(almeno 3): EFFETTORI di Ras

circuito
effettore

Weinberg, la Biologia del cancro



Ras e la via delle MAPK\

v Ral-GEF
Raf (MAPKKK)

y
MEK (MAPKK)

y

A
Erk102 (MAPK)

byl b

Msk1 RSK Mnk1 Ets Elk-1 SAP-1

rimodellamento ' T /
della cromatina (trascrizione)
elF4E
(sintesi
proteica)

Attiva geni precoci Jun e Fos che insieme formano fattore trascrizionale AP-1

Attivazione questa via causa indipendenza dall’ancoraggio e perdita di inibizione da
contatto. Molto attiva nei tumori
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Ras e la via delle PI3K
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Inositolo ha ruolo centrale nella regolazione delle membrane oltre a quello strutturale:
se fosforilato si stacca dalle membrane e pud funzionare da secondo messaggero.

Attivazione questa via sopprime apoptosi

Weinberg, la Biologia del cancro
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Ras e la via delle

PI3K
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AKT lega PIP3 attraverso
dominio PH e controlla la
crescita cellulare, I'apoptosi



Ras e la via delle PI3K '

AKT controlla la crescita e la proliferazione cellulare, |'apoptosi

TABELLA 6.3
gffetti di Akt/PKB sulla sopravvivenza, la proliferazione e la crescita cellulare

Antiagqptotico
=18 ‘Bad (proapoptotico)

- di proteine Bcl-2 che Coﬁtf&ﬁl”éﬁé’
e mitocondrialel(SezionBiod s .
caspasi-9 (proapoptotico) Componente della cascata

_IkB chinasi, abbreviata IKK Attivata dalla fo_Sfori.la;im;te
(antiapoptotica)
Fattore di trascrizione (TF) FOXO1, La fosforilazione lmpedlsce '
in precedenza chiamato FKHR TF  l'attivazione di genl proapgptoﬁc
~ (proapoptotico) SOISHG UITaE Rl 1o
Mdm2 (antlapoptotlco) Attivato tramite fosforilaziol e da |

- distruzione di p53 (Sezione 9.

Proliferativo

GSK-3B (antlprolnferatlvo) Fosforila B-catehina, ciclina D1
8.9), causando la loro degradazi
o ~ fosforilazione da parte di Akt

FOXO4 in precedenza chiamato  Induce l'espressione dell‘lmb or di
AFX (antlprohferatlvo) edlalcunlgenl proapoptotlc viene e
~ seguito della fosforilazione da part

PRI ‘pz1Cib1*(a:‘ﬁti'pfdlife'réti\‘m) ~Inibitore di CDK, come p27KiP1
S0 S e s (10 a seguito della fosforilazione

~ citoplasma, la forma fosforila
/ .agquvls,yendo pertanto funzic

ok

 Lasuafosforilazione da parte di A
Tsc1/Tsc2 si dissoci, permettend
quindi aumenta la smtesi ‘
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PDK1, PDK2

Akt/PKB
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Attivita di AKT & molto regolata ed
e deregolata in cellule tumorali
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Ral & G protein come Ras
Regola crescita ancoraggio-indipendente

Weinberg, la Biologia del cancro

Sec5 Exo84 RalBP1

Cdc42 Rac

oo

filopodi  lamellipodi



Effetto pleiotropico di Ras

Molti oncogeni anche nelle
via e valle di Ras, ma con
potenziale oncogenico < a
quello di Ras
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apoptosi
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RASSF1
NORE1

Le vie effettrici di Ras
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RETROVIRAL
ONCOGENES

‘ » GRB2 g0
g PI3K R:!LGDS
1980 1990
NN
Ha-MSV & HRAS & RAS The RAS-ERK
Ki-MSV KRAS, first  GTpase signaling
transforming human activity pathway
retroviruses ONCogenes  reduced defined
isolated isolated by -
(1964) NRAS  oncogenic GRB2 links || c-RAF is
Isolation Mutations Ayiace e
Retroviral receptors || effector
oncogene Point Growth to RAS
origin from mutations  factors v :
the host are RAS activate First GEF isolated
i i o ceél:\’lsar PI3K, RALGDS & PKCZ,
(1973) sl are RAS effectors
RAS oligomerization
Cellular discovered First RAS KO mouse
homologs of First GAP isolated (NRAS)
retroviral RAS protein crystallized A Ko -
oncogenes . is embryonic
identified RAS farnesylatlon lethal Y
discovered

HUMAN

ONCOGENES o

Retroviral RAS oncogenes are 21 kDa
guanine nucleotide binding proteins

Fernandez-Medarde et al., 2021

SIGNALING

ANIMAL MODELS

2000

First KO model
of Rasopathy

RAS isoforms segregate
in membrane
microdomains

HRAS surface groove for
drug binding discovered

Mouse models of PDAC

PROTEIN-PROTEIN
INTERACTIONS

Y I WY

2010

Ras nel XXl secolo

INHIBITORS

RAS dimerization
in tumorigenesis

2020

First covalent inhibitor
of KRASG12C

SOS-mediated WT RAS

activation required for

oncogenic RAS-driven
tumorigenesis

MRNAs regulate RAS
expression

Mouse models of Lung
cancer

First RAS signaling inhibitor
FDA-approved
(Vemurafenib)

RAS oncogenes necessary
for tumor maintenance

HRAS can substitute KRAS
function during
embryonic development

First clinical trial of
KRASG12C inhibitor
(AMG510)

HRAS/NRAS DKO are viable

First clinical trial of
SOS::KRAS inhibitor
(B11701963)
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Tumor suppressor genes

Studi su virus oncogeni = Oncogeni hanno effetto dominante per
trasformazione cellulare

MA

Il cancro non ha origine virale....

Manca qualcosa nella genetica del cancro!



—

| Dominanza/recessivita
= del fenotipo tumorale

II ¥ II NIH3T3 di topo radiomarcate +
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Il fenotipo tumorale
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—
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Dominanza/recessivita
del fenotipo tumorale
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mltotlco
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trasformante &
dominante?
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Tumor suppressor genes

Perdita di funzione causa tumore:

-piu facile che mutazione causi perdita di funzione rispetto a guadagno J

-MA... cellule di mammifero sono diploidi! x
2 eventi mutazionali per avere omozigote

Freq.: 10 *10¢ = 10-'2 - prob troppo bassal

?

o%d



ispessimento del nervo ottico
dovuto all’invasione
© da parte umore

(A) tumori non retinici in pazienti con retinoblastoma
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anni dopo la diagnosi di retinoblastoma
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Il retinoblastoma

L Retinoblastoma ]

& U

L Sporadico J L Famigliare ]

L L

- Monolaterale | | Bilaterale
No altri Associato a
tumori altri tumori
36,0%
5,69%



Il retinoblastoma

Eredita mendeliana nei casi famigliari

(B)

Weinberg, la Biologia del cancro
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ABSTRACT Based upon observations on 48 cases of o
retinoblastoma and published reports, the hypothesis is w
developed that retinoblastoma is a cancer caused by two < 04
mutational events. In the dominantly inherited form, one w
mutation is inherited via the germinal cells and the second :
occurs in somatic cells. In the nonhereditary form, both S
mutations occur in somatic cells. G 02
&
W
0l
Fia. 1.
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Il retinoblastoma

i

O Uniloteral Cases (25)
4 O Bilateral Cases (23)

—— Two-hit Curve

— One- hit Curve

T T T T 1
0 10 20 30 40 50 60
AGE IN MONTHS

Semilogarithmic plot of fraction of cases of retino-

blastoma not yet diagnosed (S) vs. age in months (¢). The one-hit
curve was calculated from log S8 = —¢/30, the two-hit curve from
logS = —4 X 1075¢2.

Knudson, 1971



Il retinoblastoma

retinoblastoma genotipo retinoblastoma Mutazioni Rb Sono dominanti
familiare dell’'uovo fecondato sporadico suII’organismo ma recessive a |ive||o
cellulare
allele Rb =
mutato B)
| | = |.
prima mutazione somatica D|$ OT&‘ 7 T H ﬁ ﬁ ‘
e allele Rb —»
copie mutato
mutate |
del gene Rb seconda . .
b Come si forma Retinoblastoma
| sporadico? Probabilita di 2 eventi di

mutazione indipendenti & troppo
bassa rispetto ai casi osservati!

due

copie ldea: seconda mutazione non é
mutate
del gene Rb casuale

bilaterale <—— malattia — monolaterale
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Identificazione gene Rb

Gene per esterasi D nella stessa
regione: 2 alleli danno prodotti di
dimensioni diverse

1976: analisi citologiche su
cromosomi metafasici di cellule
normali e tumorali di un bambino di
6 anni con Retinoblastoma

(A)
(A) |
cromosomi
13 14 15 esterasi D dire_ziong
- della migrazione
“-BA--—A------- fo - - @ - - - - - - = = isoforma A —» = mm clettroforetica
4
B 4 E E * isoforma B —» . - [—
~ 3

Delezione su braccio lungo del

tessuti tessuto tessuti tessuto

cromosoma 13
13914

Weinberg, la Biologia del cancro; Francke et al., 1976

normali tumorale
PAZIENTE 1

normali tumorale
PAZIENTE 2



Come si forma Retinoblastoma
sporadico?

o T—

Perdita di eterozigosita

Tumor tissue

Copy-loss LOH Copy-neutral LOH

LOH@ @

inhibition

a
Normal tissue
Heterozygous
(B)
regione del cromosoma 13
r_ ! Allele-specific
Rb AAGTC
¢ 0
v Iy
Rb~ AAGCC
l perdita di eterozigosi
Rb~ AAGTC
{ 0
%
Rb~ AAGTC
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Mutazioni nel gene Rb

A human DNA segment with properties
of the gene that predisposes

Clonato un frammento umano da una library che to seitiiablastorna, s ostbaaareonil

riconosce delezioni 13g14 in diversi retinoblastomi  stephen H. Friend*+, Rene Bernards*, Snezna Rogelj*,

Robert A. Weinberg*i, Joyce M. Rapaport§,
Daniel M. Albert§ & Thaddeus P. Dryja$

Frammenti da questo usati per clonare gene

0S
16 42 30 41 31 Ret
94— R 12 3 45 6 17

— 4.7 kb

2.9
2.0
2.0
2.0

CcoePsve

Fig. 2 Northern blot analysis of RNA isolated from retinal and Fig. 3 Northern blot analysis of RNA isolated from various
osteosarcoma cells. RNA (20 ug) was loaded from osteosarcoma t]"mf;("]ce" I'"TIS' RIII\JA was prepart;d and loaded as in Fig. 2, Lane

No. 16; four retinoblastomas: Nos 42, 30 (Y-79, ref. 30) y LA=L (small-cell carcinama of the lung); lane 2, SKNSH
tumour No ’ 2 ? 2 (neuroblastoma); lane 3, CAKI-1 (renal clear cell carcinoma); lane
41 (WERI-1, ref. 31) and 31, and the adenqvnrus-l2-tl:ansformed 4, MEL-5 (melanoma); lane 5, SKNMC (neuroblastoma); lane 6,
retinal cells (ref. 28). a, Samples probed with p47R insert. The SKRC-2 (renal carcinoma); lane 7, ACHN (renal adenocar-
transcript detected in the retinal cells is 4.7 kb in size. Molecular cinoma). **P-labelled p4.7R insert was used as a probe. Positions
mass markers indicated on the left. b, After washing the filter, it of molecular mass markers are indicated on the left.

was rehybridized with a probe derived from the rat tubulin locus®’.
Friend et al., 1986; Lee et al., 1988



A human DNA segment with properties
of the gene that predisposes
to retinoblastoma and osteosarcoma

Stephen H. Friend*f, Rene Bernards*, Snezna Rogelj*,
Robert A. Weinberg*i, Joyce M. Rapaport§,
Daniel M. Albert§ & Thaddeus P. Dryja$

0S RB. Normal

16 42 30 41 31 Ret cDNA .
04— S probe Screernng su
65— 1 & e campioni di DNA
43— W =47 kb tumorale da 40

retinoblastomi, 8

3-8: osteosarcomi e 2
- Seeeee o

Fig. 2 Northern blot analysis of RNA isolated from retinal and
osteosarcoma cells. RNA (20 pg) was loaded from osteosarcoma
tumour No. 16; four retinoblastomas: Nos 42, 30 (Y-79, ref. 30),
41 (WERI-1, ref. 31) and 31; and the adenovirus-12-transformed
retinal cells (ref. 28). a, Samples probed with p4.7R insert. The
transcript detected in the retinal cells is 4.7 kb in size. Molecular
mass markers indicated on the left. b, After washing the filter, it
was rehybridized with a probe derived from the rat tubulin locus®?.

Friend et al., 1986; Lee et al., 1988

indifferenziati

3 diversi pattern
aberranti

nel gene Rb

Hind I p3.8R

Fig. 4 Southern blot analysis of retinoblastoma, osteosarcoma
and normal DNAs probed with subclones of p4.7R (Fig. 1). The
first lane (N) contains lymphocyte DNA from a normal, healthy
human. The adjacent lanes have DNA from the following tumours:
retinoblastoma No. 41 (WERI-1, ref. 31); retinoblastoma No. 9;
retinoblastoma No. 44; retinoblastoma No. 28; retinoblastoma No.
3; osteosarcoma OS-15 (ref. 24); and retinoblastoma No. 43. DNA
(4 pg per lane) was digested with HindlIII. a, Probed with a 3.8-kb



Mutazioni nel gene Rb

205 6.2 94 9.3 74 435 9.3 38 1512
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Fig. 5 Schematic representation of deletions in the genomic DNA
from six retinoblastomas and an osteosarcoma. The genomic Hin-
dIlI fragments detected by the 3.8- and 0.9-kb EcoRI fragments,
denoted by open and closed bars, respectively (see Fig.4), are
shown at the top according to their relative positions in the genome
and labelled with sizes in kilobases. Normal and tumour DNAs,
numbered as in Fig. 4, have solid lines where both copies of a
given genomic fragment are present. Dotted line between brackets,
heterozygous deletion; open brackets, homozygous deletion.

Weinberg, la Biologia del cancro



Mutazioni nel gene Rb

Proc. Natl. Acad. Sci. USA
Vol. 85, pp. 6017-6021, August 1988
Genetics

~ F16. 1. RNA blotting analysis of ret- Molecular mechanism of retinoblastoma gene inactivation in
inoblastoma cell line Y79 and normal retinoblastoma cell line Y79

fetal retina. Five micrograms of poly- "
adenylylated RNA prepared from Y79 Eva Y.H. P. Lec*. R B - . .
cells (lane 1) and fetal retina (lane 2) were A:s WI.EN:H\.VAEEEI,E* OBERT BOOKSTEIN*, LIH-JIUAN YOUNG*, CHI-JEN LINT, MICHAEL G. ROSENFELDT,
separated by electrophoresis in 1%

formaldehyde/agarose gels and trans-
ferred to nitrocellulose filters with 20 x

/ cancer

*Department of Pathology, M-012, Center for Molecular Genetics, and 'Department of Medicine, University of California, San Diego, La Jolla, CA 92093

SSC (1x SSC = 0.15 M sodium chlo- o |6 : :
., ride/0.015 M sodium citrate, pH 7). Fil Y79: linea cellulare di retinoblastoma da
— N ters were hybridized with ““P-labeled : HH
i' _ = ” RB4.5. The transcript sizes (in kb) are paZIente con RB famlllare
. O given at left.

cDNA—— Restriction analysis

1038 1125 1803 1969 2496 2859 3766 4757
RB T 8 1T 8
Normal RB ++ +—+ + + +
&
o~ 500 bp

=

—, e —
E
— '

—_——

=

_%~~ ’_—.—O_AVWWNM/WMMMNVW

FiG. 2. Comparison of restriction maps of normal (RB4.7) and Y79 RB cDNA clones. Dashed lines indicate regions missing from Y79 RB
cDNAs. Wavy lines represent regions not hybridizing with normal RB cDNA. B, Bgl! II; R, EcoRI; T, Taq 1.

Lee et al., 1988



Lee et al., 1988

Mutazioni nel gene Rb

FiG. 6. Immunoprecipitation of RB
protein. LAN-1 (lanes 1 and 2) and Y79
(lanes 3 and 4) cells were labeled with
[*2P]phosphoric acid for 4 hr. Cell lysates
were immunoprecipitated with either
preimmune serum (lanes 1 and 3) or an
affinity-purified polyclonal antibody
(lanes 2 and 4) that recognizes the RB
protein (14). Immunoprecipitates were
separated in 7.5% NaDodSO,/polyacryl-
amide gels that were autoradiographed
overnight.



