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Transformacion neoplasica

Resulta de la acumulacion de dainos genéticos, tipicamente involucrando
por lo menos 6 mutaciones

Genes mutados durante la transformacion neoplasica:

1- Mutacion de Proto-oncogenes, resultando en un estimulo proliferativo
para la célula (c-erb-B)

2- Inactivacion de genes supresores de tumor (p53)

3- Mutacion de genes que regulan la apoptosis (bcl-2)

4- Mutacion de genes que codifican para enzimas de reparacion del ADN
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Gatekeeper” genes

The “gatekeeper” gene monitor cell
proliferation and death. They include:

-oncogenes” which are cell growth promoters,
where dominant mutations lead to uncontrolled
growth, and resistance to apoptosis.

- “tumor suppressor” genes which are negative
regulators of cell growth, where recessive
mutation can lead to uncontrolled cell growth
(e.g., p53).
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“Caretaker” genes

The “caretaker” genes include genes that regulate
DNA repair and chromosome segregation in mitosis.
Mutation of these genes can cause abnormal
“gatekeeper” function because of mutation or
abnormal gene content. The “caretaker” genes

Include:

- DNA repair genes, whose mutations lead to
genetic instability (more mutations) , and

- genes that regulate chromosome segregation,
whose mutations lead to abnormal
chromosome content, or chromosomal
Instability.
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Tumor suppressor genes

First discovered in 1960s by Henry Harris.

Harris fused tumor cells with normal cells and discovered
some of the hybrid cells were normal.

Harris hypothesized that the normal cells contained gene
products that suppressed uncontrolled cell proliferation.

Some cancers show deletions of specific sites (tumor
repressor genes) that normally inhibit cell growth and
division.

e.g., breast cancer, colon cancer, lung cancer

Two mutations (one on each allele) are required to

inactivate tumor suppressor genes.
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Tumor suppressor genes

Definition:

1- its function is lost in the development of the
tumor

2- its in vivo inactivation enhances initiation, growth,
or progression of a tumor
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Sporadic and familial (Mendelian) forms of cancer
Knudson’s two-hit hypothesis

_ MNormal
Sporadic tumaor
suppressor
gene
O Somatic

mutation
in one allele
Somatic

| I in other allele

Single tumors,
unilateral,
|later-onset

+ two mutations (two hits) are required for loss of tumor suppressor function
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Chromosomal mechanisms that could lead to
loss of function due to loss of heterozygosity

A 4  Constitutional
Rb wt genotype
B b
Somatic mutational
events - the second “hit”
A a A a A A A
Rb Rb Rb Rb Rb Rb Rb
B b B B B B B
Local Somatic Chromosome Chromosome
mutational recombination loss loss and
events duplication

Tumor genotypes in retinoblastoma
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Theory of Tumor-prone Autosomal Dominatnt Mutations
(Knudson's ""two-hit" theory)
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A mutation in one of two copies (alleles) of an oncogene may be sufficient to
cause the cell to lose growth control, both copies of a tumor suppressor
gene must be knocked out to induce the same effect CIO-FUCA



Inactivation of Tumor Suppressor Genes.
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Classic tumor suppressor genes are inactivated via ‘two hits’. In the case of inherited
cancer susceptibility, one of these *hits’ is acquired in the germline with the second
*hit” being acquired somatically during tumor development.

Haploinsufficient tumor suppressor genes are compromised by a single ‘hit/,

obviating the need to sustain ‘two hits’ during the course of tumor development.
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Tumor suppressor activitiy versus gene dosage
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Gene Dosage Gene Dosage
“Two Hit” Tumor Suppressor Haploinsufficient Tumor Suppressor

Wild type (+/+) activity represents 100% of diploid gene function and true null (-/-)

represents complete loss of functionality.
Haploinsufficient tumor suppressors exhibit a continuum of activity based on gene

dosage with even 50% reduction sufficient for phenotypic manifestation, i.e.

accelerated tumorigenesis.
While some genes may be less dosage-sensitive than others (in which a true threshold

of close to 0% of normal gene product is required in order to detect a phenotype), we
predict that most genes will be sensitive to dosage with some threshold that varies

on a continuum between 0 and 100%.
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[ Definition of Penetrance: ]

Complete Penetrance: Every individual who inherits a mutated gene develops
the related disease

S Hn —100% Incidence of Huntington Disease
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Ex Huntington disease
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Incomplete Penetrance: Less than 100% of the carriers of the
mutation develop the disease

but another mutant factor (from environment,
other genes) is also needed

‘@ — May develop sporadic breast cancer

Ex BRCAT Mutation:
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Factors Affecting Penetrance

Fuon _

Modifier genes Carcinogens

Response to DNA / \ Hormonal/

damage reproductive
factors

Not everyone with an altered gene develops cancer
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Loss of Heterozygosity

. oncogene activation at one allele --> e.g, activity
increase S0 fold --> provide growth advantage -->
second allele activation --> activity increase two fold
further --> probably provide no further selection
advantage. 2 => 51 == 100 activity change

* tumor suppressor gene activation at first allele -->
activity decrease half --> possibly provide no growth
advantage --> mnactivation of second allele -->
complete loss of activity --> selection favored.
2=>1=> 0 activity change.
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Retinoblastoma tumor suppressor gene
(Rb)
Mapped to gene chromosome 13 and sequenced.

180 kb; codes a 4.7 kb mRNA that produces a 928 amino
acid nuclear phosphoprotein, pRB.

PRB is expressed in every tissue that has been examined
and regulates the cell cycle.

Retinoblastoma tumor cells possess point mutations or
deletions.

In hereditary retinoblastoma, second RB mutation often is

identical to the inherited one (a possible example of gene
conversion).
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Retinoblastoma

Rare malignant tumor arising from immature
neurons Iin the retina

About 40%0 of cases are associated with a
germline mutation (60%o are sporadic)

5-10% of germline cases are inherited
germline mutations

20-30% are NEW germline
mutations

CIO-FUCA



Inherited germline Rb

Affected child inherits one defective Rb allele,
together with one normal gene

If the remaining normal Rb allele is inactivated by
deletion or mutation, the loss of its suppressor
function leads to development of a
retinoblastoma

Thus, susceptibility to Retinoblastoma is inherited
in a dominant fashion

At the cell level TSG is recessive to show the
phenotype
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Sporadic retinoblastoma
Child is homozygous for two normal Rb Alleles

Both alleles must be inactivated in a retinal cell
for disease to develop

Sporadic disease is rare (1/30,000)
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Retinoblastoma

“* pRb; tumor suppressor

** deleted in retinoblastoma
plays a pivotol role in mammalian cell cycle
represses transcription - E2F
regulated by phosphorylation

* -underphosphorylate: growth suppressive
“*-hyperphosphorylated: growth promoting
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Oncogenes The G1/S checkpoint is controlled by phosphorylation of Rb
& the cell
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S-Phase Entry

INK4 p2l | |p57] [ p27 Cell cycle inhibitors
[
Cyclin D/CDK4,6 Cyclin E/CDK2 Cyclin A/CDK?2
S-Phase
Gene
Expression
Gl S
activate R: Restriction
minbit pot
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E2F regulates genes required for
S-phase

target genes

Target genes:
Genes encoding proteins involved in DNA
synthesis
-DNA polymerase a /
-thymidine kinase W
-thymidylate synthase
-ribonucleotide reductase
DNA repair proteins
-RAD51
Cell cycle regulators
- Cdk?2 and cvclins A and E. CIO-FUCA
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Function of the Rb protein
Growth suppression Relief of growth suppression

p p
P
P
1 phase phosphorylation

p
+ EZF is a transcription factor releases EZF
that mediates growth-dependent

p
activation of genes required to
make the transition into and

P

through S phase

Adenovirus E1A oncoprotein binding

* Rb binds and inactivates E2F releases E2F

under conditions of growth

_ P
N m .
* There are several ways to D

alleviate growth suppression
resulting in controlled or Gene mutation affecting binding pocket
uncontrolled cell growth releases E2F
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Inhibidores de Cdk4 y Cdk6 (INK4)

- p15, p16, p18 y p19 bloquean actividad de las kinasas dependientes d
ciclinaD produaendo el arresto del ciclo celular en G1.

/
[

/

" transcripcion

DNA polimerasa a, etc
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Mechanisms of pRb inactivation in human cancer
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retinoblastoma
small cell lung cancer
osteosarcoma

breast cancer
melanoma
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cervical cancer

-Inactivation by deregulated pRb phosphorylation is common in a distinct subset of human
cancers, but Rb1 mutation is rarely observed in this subset.
- The model proposes that each mechanism of inactivation has different molecular and functional

consequences.

-Deregulated pocket protein phosphorylation is proposed to abrogate some protein interactions

but not others.

- Different cell types may select for different mechanisms of pRb inactivation because the molecular
consequences are more favorable for Carcinogenesis.
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Cell-cycle dependent phosphorylation of Rb

Phosphorylation of Rb Hypemphosphorylated Rb
allows cells to transit p p Phom

the restriction point
P

and enter S phase P.

Restriction point
(&)
p

—
G0 «—
Quiescent cells

P
Hypophosphonydated Rb .
P
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Gene (locus)

DCC (18¢)

WT1 (11p)

Rb1 {13q)

3 (17p)

Tumor suppressor genes

Function

cell surface
interactions

transcription

transcription

transcription

Disorders in which gene is affected

Familial

Linknown

YWilm’s tumor

retinoblastoma

Li-Fraumeni
syndrome

Sporadic

colorectal
cancer

lung cancer

small-cell lung
carcinoma

breast, colon,
& lung cancer
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Genes supresores en tumores humanos

GEN
RB

p53

WT1
NF-1
NF-2
VHL
APC
MSH-2
MLH-1

PMS 1
PMS 2

MTS1(p16)
MTS2(p15)

BRCA-1
BRCA-2

Localizacion
13p14

17p13

11p13-15
17q11.2
22q

3p26
5qg21
2p16
3p21.3-23
2q31-33
7p22

9p21

17q21
13q

Canceres asociados

Retinoblastoma, osteosarcoma, leucemias linfoides
pulmoén, mama ovario, prostata, vejiga.

Li-Fraumeni sindrome, mama, proéstata, pulmon, colon,
vejiga, higado, linfomas/leucemias, cerebro, adrenal.

Tumor de Wilm's (cancer renal infantil).
Neurofibromatosis, neurofibromas.

Meningioma, mama, colon.

Células renales. Hemangioblastoma de cerebro.

Colon (FAP)

Colon (HNPCC, proximal colon), endometrial, estémago.

Pancreas, vejiga, ovario, mama.

Familial melanoma, glioblastoma,T-ALL, mesotelioma.
NSCLC, vejiga.

Ca. de mama temprano, ovario, prostata, colon.

Ca. de mama temprano (Ca.de mama masc.) CIO-FUCA



E2F regulates genes required for
S-phase

target genes

Target genes:
Genes encoding proteins involved in DNA
synthesis
-DNA polymerase a /
-thymidine kinase W
-thymidylate synthase
-ribonucleotide reductase
DNA repair proteins
-RAD51
Cell cycle regulators
- Cdk2 and cvclins A and E. CIO-FUCA
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P53 tumor suppressor gene



P53 as tumor antigen and oncogene

« P33 was was inifially identified as a tumor

specific nuclear antigen of molecular weight
53kDa

* isolation of the gene from tumor cells
yielded an oncogene: when it was
h'aqsfe'cted into normal cells 1t could

| it "\“““

S
njf e f."’(‘, gu (ial‘—;zc'gw




P53 as tumor suppressor gene

n the.
al
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P53 central to cancer
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53 kDa nuclear phosphoprotein

the most commonly altered gene
identified in human cancers to date

functions as a tumor suppressor when
normal and a dominant oncogene when
mutant

many mutations result in a prolonged
protein half-life and/or overexpression
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Functions of p53: simple

S One W&;j?ﬁf-IOf:thmlﬂng about p53 is that it isa “guardtan of
he genome”: it protects the ce cells DNA fro om damage

BEP st

Nl

Repair DNA
p53 involved

Stop cell cycle:
G1/S arrest
(G2/M also)

DNA 8mage

p53 induces

apoptosisto
eliminate

damaged cell
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(a)

R175
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R249
R273

R248
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(b)
Transcription-activation Sequence-specific Nonspecific DNA
domain DNA-binding domain interaction domain

] [
(S ; p ' P\
A\
E6 and E1b v ®
MDM2 binding binding SV40T binding Tetramerization domain

A FIGURE 24-21 The human p53 protein. (a) Mutations in
human tumors that inactivate the function of p53 protein. Hatched
boxes represent sequences highly conserved in evolution. Vertical
ines represent the frequency at which mutations are found at
gach residue in various human tumors. These mutations are
clustered in conserved regions |1-V. (b) Structural organization of
the pb3 protein. Phosphorylation by various kinases at the sites

indicated by (@) stabilize p53. MDM2 protein binds at the indicated
site and represses transcription activation by p53 as part of the
normal control of p53 function. The activity of p53 also is inhibited
by binding of viral proteins such as E6 from human papillomavirus
and E1b from adenovirus. [Adapted from C. C. Harris, 1993, Science
262:1980; and L. Ko and C. Prives, 1996, Genes & Develop. 10:1054.]
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DNA
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P53 mutations: dominant negative
« P53 acts as a tetramer
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p53 tumor suppressor gene

Mutations in p53 are implicated in ~50% of human cancers,
including cancers of the:

breast, brain, liver, lung,
colorectal,bladder, and blood

Development of tumors requires mutations on two p53 alleles.

Codes a 393 amino acid protein involved in transcription, cell cycle
control, DNA repair, and apoptosis (programmed cell death).

p53 binds to several genes, including WAF1, and interacts with at
least 17 cellular and viral proteins.

Transgenic mice with deletions of both p53 alleles are viable, but
100% develop cancer by ten months of age.
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Mutations 1n the p53 coding sequence

(FP FP
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<« N-termms —s

14 (66%)
0

1 (48%)
6 (28.6%)

175
|/ y .
Sequence-specific DNA-bindmng

96-296

Core domain

7122 (7T1.7%)
535 (5.8%)
381 4.2%)
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Acetylated
Lysines

[P

— I
325

63 364-393

<« C-terminus ——.

2 (33.7%) B 2 (33.3%)
T (38.9%) 0
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p33 Signaling

DINA Damage

Other Signals

§

Y 4

Active p33

Y 4 %

Cell Cycle Arrest

Apoptosis

CIO-FUCA



nsor of
DNA damage p>3 /
Active p53
Cell cycle arrest p21 Apoptosts
I 1
Rb . Cyclin-dependent kinase
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A Stimul1 Activate p353 TP

damage Hypoxia Redox  Oncogenes Adhesion depletion

HIF1/ Ref-1/  pl9ARF Integrin? RNA?
Phospho-  phospho-  phospho-
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Cell Cycle Arrest ~ Apoptosis Differentiation
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Functions of Activated p53

p53 P53 po3
Direct Transcriptional Transcriptional Activation
protemn- Repression
interaction? Bax  MDM2 p21

@ @ IGFBP3 J_ GADD45

Caspase, Fas? Q p53 @
A Cell Cycle
Apoptosis Arrest
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Algunos genes target de p53...

-P21, GADD45: Se une a CDK2mm) inhibe fosforilacién del RB mmparresto del ciclo celular

-BAX, PUMA, NOXA: mitocondria -Iiberan citocromo ¢ ‘activan caspasas — apoptosis
P53AIP1

-MDM2: ejerce loop feedback negativo autoregulatorio de p53 por ubiquitinacion y
degradacion en le proteasoma de p53

-P53R2: Induce el arresto en el checkpoint G2/M y participa en la reparacion al dafo del
DNA

-Existen 4000 genes con sitios potenciales de regulacion por p53
-También p53 controla la transcripcion de multiples miRNA (miR-34, miR-192/215, miR-

107) y de otros que actian como supresores de tumor. Como resultante p53 puede
controlar la progresion tumoral, invasion y metastasis, entre otras funciones.
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Control de la estabilidad de p53
vy modificaciones post-traduccionales en p53

- MDM2 ubiquitina el extremo COOH-ter para enviar a p53 al proteasoma
para su degradacion

-MDM2 ademas impide la union al DNA para la transcripcion de genes target al unirse
al dominio de trasactivacion NH,-ter

-MDM2 asistiria en el reclutamiento fisico de p53 ubiquitinada hacia el proteasoma,
contribuyendo a su degradacion

La induccion y activacion de p53 en respuesta al stress esta sujeta a regulacion por
Modificaciones post-traduccionales:

- acetilacion

- sumoilacion

- fosforilacion

- 0-glicosilacion
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DNA damage response

Sensor de dano al DNA

‘ P Ser-1981

yHistona H2AX fosforilada

Nuclear foci cerca de lesiones DNA

Activacion check point ciclo celular - —

Arresto cicJ10 celular

l

Reclutamiento factores
Tempranos de reparacion

P Ser-15

v Tardio en la reparacion
NFBD1 inhiben fosforilacién de p53
v

M . lNFBDl t ATM fosforila p53
Bloquea apoptosis

Apoptosis
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P53 como target terapéutico

-P53 mutada debe ser reactivada y no inhibida como otros targets mutados
(oncogenes)

-MUltiples mutaciones lo convierten en un target estructural heterogéneo

@ CP-31398 re-pliega p53 mutante dandole estabilidad conformacional activa,
restaurando el fenotipo wild type

@ PhiKan083 se disefid por moldeado molecular para unirse a residuos criticos
que confieren estabilidad conformacional activa a p53 mutada

® PRIMA-1 es un compuesto que restaura la conformacion wild type de p53 mutante
e inhibe el crecimiento de muchas lineas tumorales en forma dependiente de p53.

(in vitro e in vivo)

Se estan realizando ensayos clinicos con PRIMA-1 en ptes con ca. prostata y

canceres hematoldgicos- Se vio respuesta clinica en pts con p53 mutado
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P53 como target terapéutico

mutant p53

Chemical genetics

Forward Vs T Reverse

cell growth conformational molecular
suppression stability modelling

e
o I
¥ mﬁ“m ﬂf

PRIMA-1 CP-31393 PhiKan083
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BRCA 1Y BRCA 2
CANCER DE MAMA Y OVARIO
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Breast Cancer Tumor Suppressors

Breast cancer affects 1 in 10 women and represents 31% of
cancers in women (~215,990 women diagnosed each year,
2004 estimate).

~59%p of breast cancers are hereditary; age of onset for
hereditary breast cancer is earlier than other forms
(mutations at 2 alleles).

A small proportion of breast cancer is heritable. Two
genes are associated with predisposition to developing
breast cancer.

- BRCA1 on chromosome 17
- BRCA2 on chromosome 13

Normal function of both is in repair of ds DNA breaks.
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BRCA 1

A tumor suppressor gene for breast and ovarian
cancer

Localized on chromosome 17q21

Approximately 5-15% of breast Ca is inherited -
85% is sporadic

BRCAL1 is responsible for approximately HALF of
the INHERITED breast cancers
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BRCA 2

Chromosome 13q12-13

Germline mutations in BRCA2 gene increase risk
of breast (male and female) and ovarian cancer
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CANCER DE MAMA HERED.

. ANALISIS: 237 FAMILIAS

- BRCA 1: 52 %
- BRCA 2: 32 %
- INDETERM.: 16 %

- Familias con:
- Ca. namayov.: BRCAl >> BRCA2
- Ca. mama fem.y masc. BRCA2>>BRCA1l

Ford et al. Am.J.Hum.Genet.62, 676, 1998



CANCER DE MAMA Y OVARIO

~w =W

Breast Cancer
181,600 rotal new cases/ycar 26,800 toml new c:m:slycat

Clous EB et st Cancer 772318, 1996 Spobl
American Cancer Society, 1997 B ) lereditary

BRCAI
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Breast Cancer genes and DNA Repair

Reparring damaged DNA.

BRCA1 1s phosphorylated

by the ATM protein kinase

inresponse to DNA damage ettt ol

inchuced by g rachation. or coupled ropair S0 18

Phosphorylated BRCAL WL,

activates DNA repair

ﬂ]rDug}]. hmlDlogGl]S . mRad51

recombination, in cooperation

with BRCA2, mRad51, e iy
DNA break e

ﬂ‘;ﬂfb’;ﬂ?ﬁiﬂ}ﬁf@ NG 2 WA

RADS? epistasis group AR r%%“&: XA :

Phosphorylated BRCAI may '

also regulate transcription and Science (1999) 285: 747-750;
transcription-coupled DNA reparr. 286: 1100-1102, 1162-1166
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MUTACIONES EN BRCA 1 Y BRCA 2 INCREMENTAN
EL RIESGO DE CONTRAER CANCER DE MAMA Y OVARIO

Breast Cancer Risk Ovarian Cancer Risk
by Age 70 by Age 70
1007 — 100+ “‘ Range of reporsed
B0 - : 80 ' rak cvtrzascs
re. B0 o B0
. 40 . 40
20+ 20

BRCA! BRCA? General
Fopulasion
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The New England
Journal of Medicine

Copyright © 2001 by the Massachusetts Medical Society

VOLUME 345 Jury 19, 2001 NUMBER 3

BREAST CANCER AFTER PROPHYLACTIC BILATERAL MASTECTOMY IN WOMEN
WITH A BRCAIl OR BRCA2 MUTATION

HANNE Meuers-Hewsoer, M.D., Bert van Geet, M.D., Pu.D., Wim LJ. van PutTen, M.Sc.,
SonJa C. Henzen-Loamans, M.D., PH.D., CarouNEe Sevnaeve, M.D., Pr.D.,
Manian B.E. Menxe-PLuymers, M.D., Pr.D., Caaina C.M. BarTeLs, M.D., Leow C. VerHooG, M.D.,
ANS M.W. van peN Ouwelano, Pu.D., MaaTinus F. Niermeuer, M.D., Pu.D.,
Cecie T.M. Brexewmans, M.D., Pu.D., ano Jan G.M. Kuun, M.D., Pu.D.

Conclusion: en mujeres con mutacion BRCA1 o BRCA2,
la mastectomia total profilactica bilateral reduce la
incidencia de cancer de mama luego de 3 anos de
follow-up.

CIO-FUCA



The New England
Journal of Medicine

Copyright © 2001 by the Massachusetis Medical Saciety

VOLUME 345 Jury 26, 2001 NUMBER 4

PARITY, ORAL CONTRACEPTIVES, AND THE RISK OF OVARIAN CANCER
AMONG CARRIERS AND NONCARRIERS OF A BRCAI OR BRCA2 MUTATION

BaaucH MoDAN, M.D., PATRICIA HARTGE, SC.D., GAUT HiRsH-YECHEZXEL, M.Sc., ANGELA CHeTRT, M.SC.,
FLoma Luen, M.Sc., Uz Beuer, M.D., Gaan Ben-Baruck, M.D., Avmam Fissiman, M.D., Josers Menczer, M.D,,
Jerreay P. STRUEWING, M.D., MARGARET A. Tucker, M.D., AND SHOLOM WACHOLDER, Pu.D.,
ronnceNmom!samOvmchmsﬂmGawr'

El riesgo de cancer de ovario en portadoras de mutaciones
BRCAl o BRCAZ2, disminuye con cada nacimiento pero no
con duracion aumentada de anticonceptivos orales. Es pre-
maturo recomendar el uso de anticonceptivos orales para

quimioprevencion de cancer de ovario en portadoras de tales
mutaciones
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The New England
Journal of Medicine

Copyright © 2001 by the Massachusetts Mcdical Socicty

VOLUME 344 FEBRUARY 22, 2001 NUMBER 8

GENE-EXPRESSION PROFILES IN HEREDITARY BREAST CANCER

INGRID HEDENFALK, M.S., DAVID DUGGAN, PH.D., YIDONG CHEN, PH.D., MICHAEL RADMACHER, PH.D.,
MicHAeL BiTTNER, PH.D., RicHarD Simon, D.Sc., Paul MeLtzer, M.D., PH.D., BARRY GusTERSON, M.D., Pu.D.,
ManeL EsTewer, M.D., Pu.D., OLL-P. KaLLioNiEmi, M.D., PH.D., BenJaMIN WiLFoND, M.D., Ake BoRra, PH.D.,

AND JEFFREY TRENT, PH.D.

En cancer de mama con mutaciones en BRCA1 o BRCA2 se expresan
grupos de genes diferentes
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TIPOS DE BRCA- ANALISIS

1- Total: para determinar mutacion por primera vez se
secuencia todo el gen.

2- Sitio Unico: para pacientes con parientes cuya mutacion
BRCA1/BRCA?2 es conocida.

3- Multisitios: para individuos Ashkenazi.
Detecta la presencia de mutaciones en tres

sitios diferentes.
185 del AG, B382 insCy 6174 del T
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Tumor suppressor genes

Gene

BRCA1

BRCA2

TP53

PTEN

CHK2

Undiscovered genes

Contribution to

Hereditary Breast Cancer

20%—-40%
10%—-30%
<1%
<1%
<1%
30%—70%
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Figure 1. Location and Tumor Specificity of the 27 BRCA T Mutations Identified in
Families with Breast Cancer.

Exon 1 and the coding region of BRCAT are depicted, with exons 1, 2, 11, and 24
included for reference. The translation start site is located at the mutation Met1lle.
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BRCA2 Gene

Truncating
mutsations 5146delTTTA 6174delT 6697delTC C10152G A10204T
N terminus| C terminus
Exons 2 11 27
I
Nucleotide 0229 2137 7062 10,422
positions [ |Reverse—transcription PCR
I mn
Protein-

]
truncation
analysis +F’CR
3 e —
4

3
5 6

Transcription—translation and protein electrophoresis

Figure 1. |dentification and Location of BRCAZ Mutations That Truncate the Polypeptide Chain.
The BRCAZ gene is encoded by 27 exons, the second of which contains the initiator codon (ATG)
at nucleotide position 229. The coding sequence spans 10,254 nucleotides, encoding 3418 amino
acids. Each truncating mutation results in the insertion of a premature stop codon in the sequence.
Detecting these mutations by a protein-truncation assay involves making a complementary DNA
copy of the BRCAZ transcript, performing two rounds of nested PCR amplification, and synthesizing
messenger RNA and protein in vitro from the PCR-generated templates. Abnormally shortened
protein products are created when there is a truncating mutation in one of the two BRCA?Z alleles;
these products can be detected by electrophoresis.
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ESTRUCTURA Y FUNCION DE BRCA 1

- Fosfoproteina nuclear de 220 kDa en
células normales.

 Los niveles de mRNA de BRCA1
disminuyen con la transicion CIS a
carcinoma invasor.

- Como BRCA1 y RAD51, BRCA2 relocaliza a
sitios de replicacion en fase S luego de
exposicion a OH-urea 0 luz UV.

« INTERVIENE EN LA REPARACION DEL DNA

CIO-FUCA



[Functions of Non-mutant BRCA1 Protein]

« Suppressor of tumors

— How we know: when normal, it constrains cell division, but when mutated,
inappropriate cell division results

« Facilitator of DNA repair

— How we know:

+ BRCA1 has been found at replication forks just after a cell has been
exposed to UV radiation

+ BRCA1 contains 2 BRCT domains—found in proteins involved in DNA
repair

+ BRCA1 is phosphorylated after DNA is damaged and BRCA1 is
relocated from cytosol into nucleus

« Factor in cell degradation

—  How we know:

+ BRCA1 contains a RING finger domain near the N-terminus.
— RING fingers: cysteine-rich sequences that facilitate ubuguitination

CIO-FUCA



BRCA1

-BRCA1 activa los 3 check points del ciclo celular (G1/S, S y G2/M) a través de distintas
fosforilaciones que le confieren funciones reguladoras distintas

-Interacciona con p53 facilitando la fosforilacion de p53 por ATM en respuesta al dafo

1)P53-P —— P21 WAt ——  Arresto en G1/S

2) BRCA1 detiene la replicacion del DNA (mecanismo desconocido)

3) Detiene la mitosis para permitir reparacion del DNA regulando la actividad de
ChK1 quinasa
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[ “A Genetic Counselor's Nightmare” j

 Many genes control breast cancer— it's not a
Mendelian trait

« Not all mutations in BRCA1 cause cancer

« Not all individuals with a mutant BRCA1 allele

develop cancer
— BRCA1 is "incompletely penetrant”
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PTEN Tumor suppressor gene

- Mapea en cromosoma 10g23
- Es fundamental para el desarrollo embrionario
- Esyta mutado y delecionado en multiples canceres (mama, pulmon) y
desordenes linfoproliferativos letales
- Presenta haploinsuficiencia (no todos los tumores pierden el alelo normal)
-Pérdida de PTEN en linea germinal genera sindromes heredeitarios:
Hamartomas
Alta suceptibilidad al cancer

Desordenes neuroldgicos

-Biopsias de canceres esporadicos tienen menor expresion de PTEN pero
el segundo alelo no esta mutado
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PTEN Tumor suppressor gene

Funcion:

1- Fostasa de lipidos: defosforila PIP3 (3’ fosfoinositido-3,4,5 trifosfato)
PIP3 activa la via PI3K ... proliferacion celular- inhibicion apoptosis

PTEN es un regulador negativo de via PI3K

2- Actividad supresora tumoral nuclear directa sin actividad fosfatasa:

- regula inestabilidad genomica
- Progresion en el ciclo celular
- diferenciacion celular

- expresion génica

CIO-FUCA



PTEN Tumor suppressor gene

Ratones heterocigotas (penetrancia incompleta) ca. prostata intraepitelial e in situ
Ratones con fenotipo hypo/-, presentan reduccidn de proteina PTENde 70-80% y
forman tumores de prostata con 100% penetrancia, invasivos y metastasicos

Ratones hyper/+ , presentan reduccion de proteina PTEN del 20% y forman tumores
de mama, ganglios linfaticos, pulmon. No poseen mutacion en el alelo wt.

Existe una exquisita sensibilidad tejido espécifica a la disminucion de los
niveles de PTEN con tejidos muy poco sensibles (prostata) y otros muy
sensibles (mama y ganglio)

Haploinsuficiencia convierte a PTEN en TSG

(ca. mama, reduccidn del 35%, asociados a signature génica ; reduccion del 15 % en sanas,
predisposicion?)
CIO-FUCA



PTEN Tumor suppressor gene

¢Qué factores pueden dismunir los niveles de PTEN?
- factores del ambiente (dieta, zinc, drogas)
- eventos genéticos (mutaciones, deleciones)
- Control transcripcional de PTEN por via de MAPK y c-Jun (ras

mutado resulta en reduccion de PTEN

- Control post-transcripcional (miRNA, pérdida de ceRNA
(competitivo endogeno)

- Control post-traduccional (drogas, E3-ligasas, enzimas

deubiquitinantes, DUB) CIO-FUCA



Genetic hits
PTEN regulators

Mutation

Deletion

Transcription factors

miRMA, caRMA

Eddigases, DUBs

Ervironmental factors
Diet
Drugs

PTEM protein

Mouse

Cancer sensitivity
o Ptean reduction

Lymph nodes

Mammary gland
Lung

Adrenal gland
Uterus

Prosiate

£ 2011 American Aszociation for Cancer Ressarch
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Reduction of PFTEN levels

Human
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oncogenic hits in cancer
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Response to therapy?

Cancer Research Reviews

PTEN

Figure 1. Impact of PTEN regulatory cues in tumorigenesis. Schematic of the tissue-specific cancer sensitivity to PTEN downregulation and the

regulatory factors that could lead to the reduction of PTEN levels. PTEN expression is regulated at multiple levels, genomic (mutation and deletions),
transcriptional (transcription factors), post-transcriptional (miRNAs, ceRNAs, such as the PTEN pseudogene), and post-translational [drugs, E3-ligases,
deubiquitinating enzymes (DUB)]. In turn, the reduction of PTEN levels has a gradual and tissue-specific impact on cancer initiation in the mouse, with the
mammary tissue being among the most sensitive tissues to PTEN level reduction. These data suggest that, in humans, subtle reduction of PTEN levels may

lead to cancer susceptibility, cooperate with other oncogenic events in cancer progression, or affect the response to therapy.
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Control epigenético de la supresion tumoral

-Modificaciones epigenéticas son cambios heredables en la
expresion génica que ocurren sin alterar la secuencia de DNA

(ej: metilacion del DNA y modificaciones en las histonas)

- Metilacion del DNA : 1- preserva la integridad del DNA
2-silenciaminento de genes a nivel transcripcional

- c¢pG son targets de metilacion (CpG islands en promotores,
DNA repetitivo, regiones pericentromeéricas, y non-CpG islands)

-Metilacion en promotores y cuerpo de los genes tiene funcion
regulatoria

- Metilacion fisiologica para imprinting de genes e inactivacion

de X en hembras CIO-FUCA



Control epigenético de la supresion tumoral

-Maquinaria metilante fisioldgica esta regulada por el ciclo celular para mantener
la metilacion y preservar los patrones durante la replicacion

- En tumores todo lo contrario: existe deregulacion de la maquinaria demetilante
y una gradual de-metilacion del genoma asi como la adquisicion de hipermetilacion
aberrante en CpG islands ( puede reprimir TSG).

- Hipometilacion puede activar oncogenes

- Hipoacetilacion de histonas también resultar en silenciamiento transcripcional
de TSG ; también fosforilacion, sumoilacion, ubiquitinacion, biotinilacion, etc)

- Hipermetilacion de promotores interfiere con la union de factores de transcripcion
o alterando la cromatina, existiendo cooperatividad con la marcas de histonas
acetiladas

-Se pueden usar como target, cio agentes de-metilantes o inhibidores de la HDAC
para re-expresar los genes.

(ej: 5-azadC, tricostatina)
CIO-FUCA



TABLE 2

Partial Listing of Proven and Putative T5Gs Exhibiting Epigenetic Modifications in Different

Tumer Types

Gona Pathesy

pigtees Cell opcla

ol Cell cpda

p g Cell cpda

RE Mubtifurctional, call opda

MLH? DA, repair

MGMT CMA repair

BRCAT CA repair

DAPK Apoptasis

TS Apoptosis

COHT Cell adhesicn

GETP1 Carcinogen detaxification

SFRPINGS Cell adhasion, invasion,

{maspin} matastases

MOGI Cell groerth and proliferstion

REZ? Transcriptional ragulation

WHL Transcriptional regulation

DIRAS3 Groeth suppression

EFRP Cell adhasion, migration

APC Muclear export

FHIT Proliferation, survival

HIC? Transcriptional regulaticn

RASSFIA DA rapair, call gl

RAREZ Signal transduction

GADDMES  DMA damaga, apopioss

14330  DNAdsmaga

C5T& Matastasis supprassor

BEX? Unknioem

BEXZ Futative transcriptional
regulatar

CEBPA Transcription factor

pZFr Call cyda

p2 PPt Cgll opde

RUNYG Transcription fador,
apoptosis

Cancar typais)

Hamatologic, hapatic, lung, coloractal

Hamatologic, lung, gliomas, haad and nack, squamous call

Breast, lung, gastrointestinal, hepatocalluar, salivary gland

Ratinoblastoma, lung, bleddar, pancreatic, pituitary adancma,
hegatic, glioblastoma

Coloractal, endometrial, gastric, squamous cell

Coloractal, medulkeblastoma, melanoma, tasticular,
esophagaal

Braast, owarian, cervical

Cervical, lung, hamatologic, glioma, enyngeal, esophageal,
masothalioma

Broast, newoblastoma, carvical, prostate

Broast

Proctata, braast, ronal

Broast, thyroid, prostate, melanoma

Broast, gastric

zall bladder, gastric, thyroid

Esophagsal, renal, oral

Chearian, breass, thyroid

Coloractal, broast

Coloractal, endometrial, breast, lung, stomach, malznoma
Esophagaal; hematologic, lung

Ghichlastoma, hematologic, cardcl

Gastric, lung, breast, kidnay, medullcblstoma, esophagaal
Esophagsal, broas:

Lymphoma, nasopharyngeal, esophageal, carvicl, lung
Broast, gastric, lver, lung skin, owvaran, neuroblastoma
Braast, glioma

Ghioma

Ghoma

Endomatrial, lung, hepatoma
halanoma
Prostate

Yolk sac, colon, nasopharymgaal, lung
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