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What Is the molecular basis of cancer?

Cancers are formed from repeated rounds of DNA mutation,
competition, and natural selection operating with the host.

-arise from a single abnormal cell

-abnormality results from somatic mutation

-development of cancer requires mutations in many cancer critical
genes

For a cancer cell to be successful the mutations must...

1. Allow the cells to disregard the external and internal signals that
regulate proliferation

2. Allow the cells to avoid apoptosis and escape programmed limitations
to proliferation including differentiation.

3. Allow the cells to escape from their tissue of origin

4. Allow the cells to survive and proliferate in foreign sites

5. Allow further genetic instability (but not too much!)

Cancer critical genes: oncogenes and tumor suppressors
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URE 13-2 Current model for regulation of the eukary-
oellcycle Passage through the cycle is controlled by G,,
ase, and mitotic cyclin-dependent kinase complexes (CdkCs)

ted in green. These are composed of a regulatory cyclin
and a catalytic cyclin-dependent kinase subunit. Protein
mplexas (orange} in the Cdc34 pathway and APC pathway
iguitinate specific substrates including the S-phase

inhibitor, anaphase inhibitor, and mitotic cyclins, marking these
substrates for degradation by proteasomes (see Figure 3-18).
These pathways thus drive the cycle in one direction because of
the irreversibility of protein degradation. Proteolysis of anaphase
inhibitors inactivates the protein complexes that connect sister
chromatids at metaphase (nhot shown), thereby initiating anaphase.




Oncogene Disceveny

|. Tumor Viruses

»  RNA Tumor Virus
Acutely Transforming
Slow Transforming

»  DNA Tumor Viruses

1. Genomic Rearrangements
»  Translocations/Inversions
»  Amplifications/Minute Chromosomes

[11. Functional Assay
> Transfection of Tumor DNA
> Transfer of cDNA libraries







1.Review of the neoplastic phenotype

Growith off Normal and *INeeplastic
filbreklasts i culture

Growth Characteristics Normal

*Neoplastic: new shape; any

new or abnormal growth: specifically

a new growth of tissue in which the growth
IS uncontrolled or aggressive.




1.Review of the neoplastic phenotype

Normall and transformed NIHSI13 cells

‘ Normal NIH3T3 Transformed NIH3T3

Density dependent inhibition of growth
(I m m O rtal) Growth factor requirements
Anchorage dependence
Proliferative life span
Contact inhibition
Adhesiveness
Morphology




Discovery I. Tumor Viruses; RNA

Retrovirus: RNA genome reversed transcribed into proviral DNA
which integrates randomly into the host cell genome.
Productively infects only proliferating cells.

¥

Absorption to Specific Receptor
Cytoplasm

Double  REVE HSE

Slrand  TRANSCRIFTIO
of DHA

Transport
to Mucleus

Huclear
membrange

Plasma Membrane

Retrovirus replication

Peyton Rous:

1st evidence that viruses
could cause cancer (1911).
-Chickens

--fibrosarcoma

--Rous Sarcoma virus
-*Nobel prize 1966
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42 Premio Nobel de
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Construction of a cDNA library
« reverse transcrniptase makes a DNA copy of an RNA

The life cycle of a retrovirus depends onreverse transcriptase

retrovirus 2. the capsid is uncoated, releasing genomic

RNA and reverse transcriptase
P00 >

3. reverse transcriptase
makes a DN A copy

< F——

4. then copies the DNA strand to

make it douhle-stranded DNA,
6. it is translated into vira proteins, removing the RNA with RNase H

and assembled into new
i yirus particles
A. the DN A is then integrated
i into the host cell genome

) where itis transcribed hy
new virnises host RNA polymerase |1

1. vinus enters cell
and looses envelope






J.MICHAEL BISHOP

Premio Nobel de
Medicina 1989




Retroviral Transduction

Acutely Transforming Retroviruses encode an onc gene.

Retrovirus normal

RSV has a env-onc fusion




Gene organization of a retrovirus

gag pol eny
o e 3

]

Gene organization of a transforming retrovirus

gag pol env onc
S T 3

gag = group specific antigen
pol = reverse transcriptase
env = envelope

ONnc = oncogene

Gene organization of a cellular proto-oncogene
(] (] ] -

5 I 3 mMRNA
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An oncogene is:

Mutant or overactive form of a normal gene (normal gene is
referred to as a proto-oncogene)

A gene capable of inducing cancer.

Any gene which produces a “malignant phenotype”

when introduced into a “normal cell”.

A gene intimately associated with a particular

malignant disease such as a specific chimera in a particular
leukemia.




Southern Blots Probed with viral src Gene
Revealed Cellular Origin of Oncogenes

Infected Infected Uninfected chicken
chicken #1  chicken #2 (Negative Control)




(a) Promoter insertion

i — Exon 2 Exon 3
x Defect e J RNA transcript promoted from
o fight-hand viral LTR
from an infecting
retrovirus
(b) Enhancer insertions
B g Exon 2 Exon 3
5’:. Viral gene;. c-myc emyc |3
\-/ RNA transcript
Enhancer influence promoted from
cell sequences but
enhanced by viral
sequences

4 FIGURE 24-10 Activation of the
¢-myc proto-oncogene by retroviral
promoter and enhancer insertions.

(a) The promoter can be activated when
the retrovirus inserts upstream (5') of the
¢-myc exons. The right-hand LTR may
then act as a promoter if the provirus has
a defect preventing transcription through
to the right-hand LTR. The ¢-myc gene

is shown as containing two exons; there
is a further upstream exon but it has no
coding sequences. (b} The c-myc gene
can also be activated when a retrovirus
inserts upstream of the c-myc gene in
the opposite transcriptional direction; 8
viral LTR acts as an enhancer, activating
transcription from the c-myc promoter
sequence. (Modified from actual cases of
retroviral insertion described in G. G, Payne

et al., 1982, Nature 295:209.]

Maestria en Biologia

Molecular Médica —
Dr. José Mordoh 2011




Oncoegenes of Acutely Transierming
Retroviruses

—> = Oncogenes of acutely transforming retroviruses important in human cancer




Robert Weinberc

Whitead
Institute-MIT [HS



Discoevery Il Identification ofi Oncegenes by
fiunctionall assays; *lransfection

-
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Transfect

\4

Reporter Cell line

. CDNA Transfect 2

library

*transfection: putting foreign DNA
into mammalian cells. Transformed PhenOtype




DA from human
tumor cells

lL Transfect mouse 3T2 cells

Focus of transformed

MNIH/3T2 cells growing
among untransformed
cells

Extract DMNA,
transform new mouse cells

Second cycle

JL Extract genomic DMNA

S,

Surwviving
human DA Introduce into
phage vector

age library

PP PPPPTPT

Plate phage
on £. colfi

Replica on
filter paper

” \ e

Afu probe | |

2 = r
Oncogene ¥

P FIGURE 24-4 The identification and molecular cloning of
the ras” oncogene. Addtion of DNA from a human bladder car-
cinoma to a culture of mouse 3T3 cells causes about one cell in
a million to divide abnormally and form a focus, or clone of trans-
formed cells. To clone the oncogene responsible for transforma-
tion, advantage is taken of the fact that most human genes have
nearby repetitive DNA sequences called Alu sequences. DNA
from the initial focus of transformed mouse cells is isolated, and
the oncogene is separated from adventitious human DNA by sec-
ondary transfer to mouse cells. The total DNA from a secondary
transfected mouse cell is then cloned into bacteriophage A; only
the phage that receives human DNA hybridizes with an Alu
probe. The hybridizing phage should contain part or all of the
fransforming oncogene. This expected result can be proved by
showing either that the phage DNA can transform cells (if the
oncogene has been completely cloned) or that the cloned piece
of DNA Is always present in cells transformed by DNA transfer
from the original donor cell,
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Identification of oncogene mutations in human tumors

+ most human tumors contain mutated or “activated” proto-oncogenes
+ ddemonstrated by isolating the mutated genes from human tumors

Gy —aeDiA_| IO
OG0

‘CUO
) Transfer fragments of
Tumor cells DNA into normal cells

"
OO0 COLEIC
@ﬁ!}% Isolate transformed clones of cells o@ @
= (by virtue of their growth advantage) ) o)

l Isolate new DNA gained
W by transformed cells
10-20% of spontaneous human tumors have DNA that will
transform cells in culture; most are due to ras gene mutations




Seme Oncogenes identified by Transiection

Weinberg- activated ras from bladder carcinoma.

Vande Woude- met oncogene which is hepatocyte growth factor receptor
from a chemically transformed cell line.

hst is a FGF-related gene identified from a human stomach carcinoma.




Retrovirus oncogenes denved from normal cellular genes

Retrovirus Viral oncogene Cellular proto-oncogene
Rous sarcoma virus V-SIC c-src (src)
Simian sarcoma V-SiS C-Sis (sis)
Harvey murine sarcoma v-H-ras ¢-H-ras {H-ras)
Kirsten murine sarcoma v-K-ras c-K-ras (K-ras)
FBJ murine osteosarcoma v-fos ¢c-fos (fos)
Avian myelocytomatosis Y-mycC c-myc {myc)
Abelson leukemia virus y-abl c-abl {abl)
Avian erythroblastosis v-erbB c-erhB {erbB)

+ viral oncogenes are ~80-899% homologous to cellular proto-oncogenes
+ ¥iral oncogenes in general are copies of cellular mRNA and lack introns






proto-oncogene
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DELETION OR POINT MUTATION GENE AMPLIFICATION CHROMOSOME REARRANGEMENT
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1. Oncogenes in Signal Transduction

2. Oncogenes in Cell Cycle

3. Oncogenes in Cell Survival




PDGF Insulin or
a) [sis FGF EGF Somatomedins
hst
) b)| erbB 3
tms DNA Synthesis
MEMBRANE | kit | |mas PDGF) EGF"  IGF'?
l’dS C} Src d) ras o
: f Gy 4 (hours) 14 :
met gr — - = -
neu fes B Competence Progression '
seéa
yes | -
CYTOPLASM | 07

FIGURE 3-1, (A) Schematic presentation of the cellular compart-
ments in which oncogene or protooncogene products are localized. The
cell cycle is regulated by growth factors (external mitogenic signals),
transmembrane tyrosine kinase growth factor receptor membranes,

nonintegral membrane-associated proteins of the SRC gene family and

myc ets RAS gene family, and oncogenes localized in the nucleus. (B) Stimula-

NUCLEUs | ™yb jun tion of quiescent murine fibroblasts to enter the G, phase of growth by
fos  ski addition of platelet-derived growth factor (PDGF) or fibroblast growth -

p53 factor (FGF). A transient increase in the expression of both C-FOS and

C-MYC follows PDGF or FGF stimulation or treatment of cells with phor-
bol ester TPA plus a calcium ionophore. Cells rendered competent re-
quire epidermal growth factor and insulin-like growth factors to progress
through DNA synthesis and the cell cycle. |
Maestria en Biologia
Molecular Médica —

Dr. José Mordoh 2011




ONCOGENES PROTOTIPICOS= PROPIEDADES

Tirosina-Quinasas
Integrales de membrana

Familia Fact. Crecimiento

Familia Ras
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Cancer results from the mutant/aberrant expression of
proteins, that contrel celllgrowth andl deathn

Virus-ancoded g - Growth factor (1)
activators of :

Srovinlic T ‘ . Growth factor receptor (I}
recaptors (la By

- L Intracellular 5 | \
i _|r E'H:Er_-Iﬂr d L Intracedlular
“ region - transducers
{often a gy
Protein- -
Lyrcmina
irasal
Intraceallular
recaptors

(i
Second massangers
(phosphorylated proteins)

RMA
L i Anti-apoptosis
S Proteins proteins (V) Y
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Grovwvth Factor
TGF-B

Receptor Tyrosine kinzse
[RT K]

I

Adaptor Protein

W



Growth Factor
TGF-b

¥

Receptor Tyrosine kinass
[RTH]

¢

Ad=sptor Frotein
GOP i GTF

Ras anu Ras-GTF

inactwe actiwe

¢

Raf [=erinethrecnine kinasea)

MEK [dud-specificity kinase]

4
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EXTRACELLULAR
Growth Factors <

v-sis (PDGF), int-1(WNT-1), int-2(FGF), hst, fgf-5

Growth Factors Receptors

v-erb-B (EGFR), v-fms (CSF-1R), v-kit (KIT)

Signal Transducers

v-ras, v-src, v-raf/mil, v-abl, v-mos, v-crk

C
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T

O
P
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A
S
\%

NUCLEUS Transcription Factors




Mechanismi ofi action: Growth Eactors as
Oncogenes

Growth Factors affect:

»Proliferation- autocrine loop
c-sis (PDGF) and PDGFR in glioblastoma.

EGF and TGF-a and -EGFR in non-small cell lung
carcinoma.

» Neovascularization
VEGF,
FGF family members

» Invasion
scatter factor/HGF (Met ligand)

» Evasion of Immunosurveillance
TGF-B




EXTRACELLULAR

Growth Factors

v-sis (PDGF), int-1(WNT-1), int-2(FGF), hst, fgf-5

Growth Factors Receptors
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- Determinants of
Specificity of Biological B

receptor
tyrosine
kKinase gand binding

'

Dimerization

v

Autophosphorylation

intrace

ur:llmulill':-nuf __...-""- '

proten || non-receptor
- tyrosine

kinase

Enolbaba & Dmaker EEA 1535 F217, 1997




In breast carcinoma.
In glioblastoma mutliforme.
In GIST (gastrointestinal sarcoma)

In papillary thyroid carcinomas

Translocated promoter region and TRK is Nerve
Growth Factor Receptor (another RTK).
TPR-Met (RTK) found In gastric cancers.

Chimeric Growth Factor receptors in leukemias
NPM-ALK and TEL-PDGFR




EXTRACELLULAR
Growth Factors

v-sis (PDGF), int-1(WNT-1), int-2(FGF), hst, fgf-5
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Src Protein Structure

. L‘
KIN TAITL
% | x__
» / Kinase domain \
pr \

2 Protein-Protemn Interactions

-

- i : Contains a TY ROSINE
Protem-Protem Interactions Y - can be phosphorylated



Src Activity 1s tightly Regulated
In vivo

Phosphory lation Dephosphorylation

Low kinase activity High kinase activity



P

Amiqo Carbpxy
cstc Myr —[SHEHITSAET}{ Winsss 4 FIGURE 2417 Regulation of St activity and its activation

527 by an oncogenic mutation. (a) Domain structure of ¢-Src and
are O 0 b vSrc. Phosphorylation of tyrosing 527 by Csk, another celular
tyosine kinase, inactivates the Src kinase activity. The transforming
v-src Myr—{SH3 H SH2 || Kinese | 51 oncoprotein encoded by Rous sarcoma virus is missing
the C-terminal 18 amino acids including tyrosine 527 and thus

is constitutively active. (b Effect of phosphorylation on ¢-Src
Plie . conformation. Binding of phosphotyrosing 527 to the SH2
domain induces conformational strains in the SH3 and Kinase
domains, distorting the kinase active site so it is catalytially
I The kinase activity of c-Src is normally activated by
kinsse removing the phosphate on tyrosing 527. [Adapted from T. Pawson,

active site

(b}

Tyr 1997 Nature 385:582. See also W, Xu et l, 1997, Nature 385:535; &nd
. Sichrei et al, 1997, Natura 385:602]

® Kinase

SH,
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Src in Cancer

ALTERATION IN Src Aberrant Phosphorviation
1. Overexpression of other proteins
2. Mutation A
3, Binding to viral proteins o | o

Altered activity of

¥
"5113 kinase activity .
% other proteins

or substrate specilicity

!

Changes im Cell structures
Signal transduction
LTenc cxpression




ras

“rrmu TP D hi

molectile
point mutation by viral trans duction
and chemical carcinogenesis

rm'm 4 ‘I'ﬂ’ 10

Cellular rasis only active when GTP1s
hnund It cleaves GTP to Lr[IP+ Py,
switchin e itself off These transitions are
L._it..il"Ht'lfI y accessory proteins:
* ouanife . nucleotide e::n:l ange factors
tlut canse the GDP -» GTP transition
» (3TPase achivating proteins that cause
the GTP->GDF transition
v-ras or mutated cellular ras protein has




Ras processing
and membrane association

H-Ras — Cy= - Val - Leu— Ser
[CAANX recognition sequence |
Plasma
| membrane

& 3 ."'-.,rs'-...-—-...al]'-....--.;.-'l"-._
-|1. '.-ﬂ
|

Farnesyitransferase | "7

[FFi]
RCE protease

[ “al-Leu-Ser

methyd
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GTP Hydrolysis

GTP Exchange

p21ras **

**k *

GTP/GDP L
Binding

Switch
Region

Structures from
Sprang S.R.,
Annu. Rev. Biochem 1997. 66:639-78

p21"® refers to three closely related proteins

H-Ras (Harvey),
K-Ras (Kirsten)
N-Ras (neuronal).

p21ras activating mutations lock Ras
in a GTP-bound state.

Activated in 90% of pancreatic
adenocarcinomas and

50% of colon adenocarcinomas
and leukemias.




Ras Activaton and the MAP Kmase Cascade

Tyrosine kinases. G-Protein coupled receptors

RasGTP "

(O ~

Raf-1 (MAP kinase Kinase kinase)

i

MEK (MAF kinase Kinase)

ks
Nuclear regulatory proteins * EREKs (MAP kinase)
cvioplasmic substrates



What does Ras interact with?

Raf - a serine-threonine kinase
Plasma

Membrane

Mowves Lo plasma
membrane

A-:tn C Rﬂf



Oncogenes involved in cell cycle/the
nRE pnathway

Cyclin D1 was isolated as -

PRAD1

-target of t(11;11)

-translocated to parathyroid mitogen
hormone promoter. |

Breast cancer cyclinD/CDKA4/6
BCL1- t(11;14) T o s

centrocytic lymphomas DR PRb
Ig heavy chain enhancer is Retinoblastoma |

Small cell lung carcinomas

Inserted in BCL-1 locl. Breast carcinomas

Cyclin D1 e e
Shown to be in amplicons containing

hst and Int-2

In breast carcinoma.
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s -
,“Upstream Elements TATA Initiation ™~ _
4 (UPE) Site T,

MYC/MAX

CACGTG GGAA CCAAT

Site

FIGURE 2-1. In the schematic of the transcriptional control region of a cukaryotic gene transcribed by
RNA polymerase 11, initiation sites (arrows), TATA sequences (hatched boxes), and upstream elements (open
boxes) are shown. The transactivating factors that bind to particular DNA sequences are indicated symboli-
~ cally. The upstream elements that are essential for transcriptional activation may contain binding sites for
various factors, some of which are depicted. The diagram is somewhat speculative, and all of the binding sites
shown here may not be present within (he transcriptional control region of a single gene. During the trans-
activation process, factors may shift their positions to interact with other factors or with RNA POLIL.
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proto-oncogene

BEFLENONOR FONT MU GENE AMPLIFICATION CHROMOSOME REARRANGEMENT

IN CODING SEQUENCE

normal protein greatly nearby regulatory fusion to actively transe
overproduced DNA sequence causes gene greatly overprodt
normal protein to fusion protein; or fusi

be overproduced protein is hyperactiv

hyperactive
protein made in
normal amounts




ALTERACIONES
GENETICAS

TRANSLOCACION




Karyotype Of A Cell With t{9:;22) In Current Era
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1960: Nowell and Hungerford showed novel
chromosome in cells of CML patients.
Later termed the Philadelphia chromosome
(Pht).

1973: Rowley identified the Ph! chromosome as a t(9:22).

ID of oncogenes +
chomosomal mapping = ID of targets

(FISH) using unique-sequence double-fusion DNA probes for BCR (22g11.2) in red color
and c-abl (9934) gene regions in green. The abnormal BCR/abl fusion present in positive
Philadelphia chromosome cells demonstrates the presence of yellow color (right panel)
compared to control (left panel) (used with permission, copyright, Emmanuel C. Besa, MD).




Karyotypic Patterns in
Various Neoplasms

simpke and disease-specific Mukltiple and non-specific
aberrations aberrations

60% Acute Leukemias m
Malignant \Lymphomas 52%
m Me=zenchymal Tumors §0°%

ﬁ Epithelial Tumors  97%




Chromosomal rearrangements or translocations

Neoplasm

Burkitt lymphoma

Chronic myelogenous
leukemia

Acute lymphocytic
leukemia

Translocation Proto-oncogene

t{8;14) 80% of cases cmyc’
t{8:22) 15% of cases
ti2:8) 5%of cases

t{9:22) 90-95% of cases ber-abl-

t{9:22) 10-15% of cases ber-abl-

Tednye is translocated to the 1gG locus, which results in its activated expression
“per-abl fusion protein is produced, which results in a constitutively active abl kinase
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Figure 1. The Translocation of t(9;22)(q34;911) in CML. The Philadelphia (Ph) chromosome is a shortened
chromosome 22 that results from the translocation of 3' (toward the telomere) ABL segments on chromosome 9 to
5' BCR segments on chromosome 22. Breakpoints (arrowheads) on the ABL gene are located 5' (toward the
centromere) of exon a2 in most cases. Various breakpoint locations have been identified along the BCR gene on
chromosome 22. Depending on which breakpoints are involved, different-sized segments from BCR are fused with

p2 10HCH - Asi

the 3' sequences of the ABL gene. This results in fusion messenger RNA molecules (ela2, b2a2, b3a2, and
el9a2) of different lengths that are transcribed into chimeric protein products (p190, p210, and p230) with variable
molecular weights and presumably variable function. The abbreviation m-bcr denotes minor breakpoint cluster
region, M-bcr major breakpoint cluster region, and p-bcr a third breakpoint location in the BCR gene that is
downstream from the M-bcr region between exons €19 and e20.
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Figure 2. Functional Domains of p160BCR, p1454BL and p210BCR-ABL,
Important functional domains of the BCR and ABL gene products as well as of the different fusion-
protein products are shown. Breakpoints are indicated by arrowheads (see Table 2 and the text for

details). N denotes N-terminal amino acid sequence, C C-terminal amino acid sequence, Ser—thr
serine—threonine, GDP guanosine diphosphate, GTP guanosine triphosphate, GEF GDP-GTP
exchange factor, DBL diffuse B-cell ymphoma oncogene, RAC a RAS-like GTPase, GAP
guanosine triphosphatase—activating function, and SH SRC homology domain.
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Figure 3. Signaling Pathways of p2108R-ABL_Several regions of BCR-ABL serve as important control elements for RAS, which is at
the center of the most prominent signaling pathways in CML (see Fig. 2 and Table 2). Activation of RAS is mediated through a series
of adapter proteins, such as GRB2, CBL, SHC, and CRKL. Adapter proteins also connect p2108¢R-BL to focal adhesion complexes,

PI1-3 kinase, and other messenger systems such as JAK-STAT kinases. Signaling events downstream of RAS are less well
characterized. They appear to involve mainly mitogen-activated protein kinases (MAPKSs), preferably the JUN kinase (JNK) pathway.
BAP-1 denotes BCR-associated protein 1, GRB2 growth factor receptor—bound protein 2, CBL casitas B-lineage lymphoma protein,
SHC SRC homology 2—containing protein, CRKL CRK-oncogene-like protein, JAK—-STAT Janus kinase-signal transducers and
activators of transcription, FAK focal adhesion kinase, SOS son-of-sevenless, GDP guanosine diphosphate, GTP guanosine
triphosphate, SRE stimulated response element, Ser—thr serine—threonine, Y177 a conserved tyrosine residue, GEF GDP-GTP
exchange factor, and SH SRC homology domain.



c-Myc plays a role in many human cancers; over-expression.

Translocations: c-myc and Ig genes
-Burkitt’s Lymphoma

-Low-grade follicular lymphomas (sometimes with BCL-2)
-Diffuse large cell lymphomas

Amplifications of c-myc
-Breast carcinoma
-neuroblastoma (involves the related N-myc gene)
-Small cell lung cancer (involves the related L-myc gene)




Myc protein has very short
half-life <30 min.

Transcription regulates Myc

protein levels




Myc has a partner called Vax

Transactivation DNA Binding
MB1 |MB2 BRHLHLZ

Pl gy

5'-CACGTG-3’ “E-box”

While Myc is GF inducible,
MRNA Max is constitutively expressed

Expression




What does Myc Bind to?

* The E-Box - a sequence in DNA:

CACGTG

* Found upstream of Myc target genes

= e

E-box Myc-regulated gene




Structure of Myc and Associates
Helr<-loop-helix
A B C ﬁusiﬂ_l_ 11_.

Leucine Zipper

Activation Domain

Max

Mad

Mixi-1




Cdc25A

Mechanism of action: Dimerization Regulates Myc

Repression

[m< L

Repression

Activation of target genes:
Cell cycle

Cyclin D1
ODC
Cyclin A
Cyclin E

Cell cycle
Polyamine biosynthesis
Cell cycle
Cell cycle



How does this go wrong 1n
Cancer?

Myc expression is increased © 0 7
Miyve Max

S
.a’ﬁ%ﬁ More Mye-Max heterodimers
hax Max

m than Max-Max homodimers

MNMad Max

ﬂmﬂ}%@ or Mad-Max heterodimers
Hence INCREASED Expression of Cdc25A



Myc’s Associates

* Myvc dimerizes with Max - another transcription

factor ot

Myc Max

« Max can dimenze with Mad and Mxal

DO OO

Mad Max Ml Mlax

BUT Mad and Mxil CANNOT dimerize with Myc!



Regulation of Transcription

A
Iﬁ-ﬁ“% —-5"'_': Activate trfnscriptiﬂn X /
B
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2 Mad Max -
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Burkitt's lymphoma

A FIGURE 24-22 Chromosomal translocation in Burkitt's

lymphoma, This leads to overexpression of the Myc transcription
factor.
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c-myc is translocated to the IgG locus,
which results in its activated expression

™

] —_L_GaGG—_Llaa—
c-myc lgG enhancer g

c-myc is activated by
the IlgG enhancerin

lymphocytes

hcr-abl fusion proteinis produced,
which results in a constitutively active abl kinase

ber
—| I—
X
R ber-abl

abl



Events in Apoptosis

Becl-2 can prevent the

DAMAGE release of 10ns
; 2. Release of 10ns
s e Collapse in Ay
1.Opening - @ 3, Release of
of Megachannel e aytochrome C, Apaf-1

L

Activation of caspascs
{cysteme proleases)
Degradation of protcins

d

Apoplosis



Oncogenes Involved in Cell
Survival

t(14;18)
BCL-2 (B-cell ymphoma)
follicular center B cell lymphoma.
Ilg heavy chain gene enhancer moved to the

bcl-2 locus.

BCL-2 likely inhibits
checkpoint dependent
apoptosis

allowing cells .
to survive. q | q H chain
18 A enhancer

antibody H
chains — ¥ bcl-2
. 1 4":| +

¥ 14




ALTERACIONES
GENETICAS

AMPLIEICACION




(a)

Double minutes

MNormal
chromosomes

A FIGURE 24-23 Visible DNA amplifications. (a) Homogeneously highlights the early replicating regions. In all three cases the

staining regions (HSRs) in chromosomes from two neuroblastoma HSRs stain homogeneously whereas the rest of the chromo-
cells. In each set of three chromosomes, the left-most one is a somes are somewhat banded. (b) Quinacrine-stained double
narmal chromosome 1 and the other two are HSR-containing minute chromosomes from a human neuroblastoma cell. The
chrormosomes. The three preparations (1, 2, and 3) represent normal chromosomes are the large white structures; the double
three different methods of staining the chromosomes. Method 1 minute chromosomes are the many small paired dots. Both the
is quinacrine staining, which highlights AT-rich regions; method 2 HSRs and the double minute chromosomes shown here contain
is staining with chromomycin A3 plus methy! green, which high- the N-myc oncogene. [Fart (a) see S. Latt et al., 1975, Bigpolymers
lights GC-rich areas; and method 3 is 33258 Hoechst staining 24:77; part (b) see N. Kohl et al.,_1983 Cell 35:359: photographs ¢o

after a pulse of bromodeoxyuriding late during the S phase, which of Dr. S. Latt.]
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Oncogene

c-myc

N-myc

L-myc
c-abl

c-myb

c-erbB

K-ras

Gene amplification

Amplification

~20-fold

5-1,000-fold

10-20-fold
~5-fold

5-10fold

~30-fold

4-20-fold
30-60-fold

Source of tumor

leukemia and lung carcinoma

neuroblastoma
retinoblastoma

small-cell lung cancer
chronic myoloid leukemia

acute myeloid leukemia
colon carcinoma

epidermoid carcinoma

colon carcinoma
adrenocortical carcinoma



HER-2

# Human Epidermal Growth
Factor Eeceptor 2

# Also "known as’
-Neld (Murine gene) or
-c-erbB-2

¢ Member of the type | ETKS
wihich nclude HER-1 IEGFR],
HEE-3 and HER-4

¢ HEE-Z protein = plss, 000




Proto-oncogene receptor proteins
Her2 Receptor EGF Receptor

4 FIGURE 24-15 Effets of oncogenic mutations i proto-
oncogenes that encode cell-surface receptors. (Lefi A mutation
that alters a single amino acid (valine to olutaming) in the trans-

Exterior
Plsma membrans  §—Vaine & mermlorane region of the Her? receptor causes dimerization of
Cytosol WO receptor proteins in the absence of the normal EGF-related
proteintyrosine.figand, making the protei constitutively active as a kinase.
(Right] A deletion that causes loss of the extracellulr lgand-
p— I P binding Ejnnja!n m.the' EGF receptor fgad;, for unknown reasons,
mutation t0 constitutive ectivation of the protein kinase.
C ¢
Glutamine —-%h § g g
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The HER2 Alteration

Southerm
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Slamon et al, 1957

HEF-Z Dncogenes
Armplification

\ Breast Cancer

HER-Z Qncoprotein
CWEFEERIESSIOnN

N\

shortened Survival

Median Survival from First Diagnosis

HER-2 overexpressing 3 YIS
HER-2 nonmal b - 7 yrs




