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Ciclo celular
Desenvolvimento , diferenciacdo e manutencao de funcdes requer regulacao
do momento e localizagcao das divisdes celulares.

In normal cells, cell
division is tightly
regulated. Old
cells undergo

apoptosis as new
cells are produced.

cell division

cycle begins
{mitosis)

cell prepares
to divide

* G1: Cell Growth, makes duplicate organelles,
increase in size

@ The Basics of Cell Division

* S phase: Duplicates all the chromosomes-
cell decides

o aiharto photocopying of information
continue . .
o * G2: More growth, time needed to gain strength
" \ l‘v'ndpatartgrun_hfadm . .
e Sagon for mitosis
| Mitosis tc,_.c., ] . o
= N I D ﬁ*‘!ﬂ“ * Mitosis- Cell divides up the chromosomes so each
st . L& . .
T () | bibon R D v of the new daughter cells has all the information
ke rowih factor (CF-1) * Cytokinesis- The cell breaks into two cells
demo?:.f;d;ldtv!ﬂon 3, Antagonists
ition by antagonists Tmsfm&ugwmhmp
gmmoodxfmu(mn 2

A. Control of cell division by growth factors




Anaphase-promoting complex 9 Degraded
Active mitotic O 9 mitotic cyclin

Cdk-cyclin _—<‘

Mecanismos que
regulam o ciclo
celular/reprimem
cimento de tum

- -

Metaphase-
anaphase
G2-M transition
transition
estriction

@
e Cinases (CDKs) e ciclinas

e Checkpoints do ciclo celular- Key

|
I
Dot ] points (G1, G2, metafase)
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/
Acti _ ;
Gﬁggmyc"no CKI- Proteinas supressoras de
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Carcinogénese, Oncogénese ou tumorigénese
Cancro € uma das doencas mais comuns no mundo

A cancerous tumor
forms when cell
division gets out of
control and cells
do not undergo
normal apoptosis

Falha nos checkpoints

| Large, darker staining nuclei /
~ | with irregular shapes

Cancer Cells Versus Normal Cells

Normal cells with ; Cancer Cells Normal Cells
small, regular nuclen % 7 .
by | y ' .| Nondifferentiated cells : . Differentiated cells
. ¢ ~_ Dediferenciagao
Pad W o Abnormal nuclei Normal nuclei
s s 2 . 2 Y Y

Do not undergo apoptosis Undergo apoptosis
No contact inhibition Contact inhibition
Disorganized, multilayered One organized layer

Undergo metastasis and angiogenesis




Mecanismo de transformacao
Gradual pode levar anos

ol 4

Tumor initiators

FAY

H;C

Viruses “‘

Carcinogenic g ‘

chemicals O :
w - o

Physical processes

Tumor promoters OH
He A o Q)
e. tg Esters
of phorbol H;C 0@
Hormones

Phorbol CH0H

Tumor markers (examples)
Tumor-associated antigens §

CEA Carcinoembryonic
antigen

AFP o1-Fetoprotein
Hormones Calcitonin
ACTH

Enzymes  Acid phosphatase

Signaling
molecule

Normal cell

Acquis

Indicators:
Differentiated
Non-dividing
Defined form

® |

Tumor initiation:
Genetic damage

Tumor progression:
Preferential propagation

Indicators:
De-differentiated
Uncontrolled cell division
Altered cell surface
Altered cytoskeleton

and nucleus

'7\2/ '\]
-7}
’

sion:
of malignancy

Self-sufficiency in
growth signals

Sustained
angiogenesis

TNy

Insensitivity to
antigrowth signals

‘ Tissue invasion | Q@ Evasion of

and metastasis

apoptosis

Limitless replicative
potential

A FIGURE 23-1 Overview of changes in cells that cause
cancer. During carcinogenesis, six fundamental cellular properties

Tipos de
Neoplasmas/

Tumores "
As mutacoes

genéticas nas
células causam a
falha dos
mecanismos de
controle do ciclo
celular

Benigno

Maligno
Angiogénese
e metastases




As células cancerigenas faltam sistema de reparacdo de DNA — grande nimero de mutacdes que se
acumulam- multi hit model
Cancer
cell division

Normal colon cells —___ ° 9
d \

Loss of APC

WUMor-suppressor

© 6
©6 ©

= A
= \

A polyp (small A \ First Second Third Fourth or
growth) forms on '. mutation mutation mutation later mutation ’
¥ne Colon wal Uncontrolled growth
A benign, —M8M8M8M8M8M8M ——
ﬁ:,c:g,n ;::;3:? Activation of K-ras

oncogene = =

{chromosome 12) Malignant versus Benign Tumors
A class Il adenoma — l Benl

- gn (not cancer) Malignant (cancer,

(benign) grows Loss of tumor- tumor cells grow g ) )

Suppressor gene in
region of DCC
{chromosome 18)

cells invade
only locally and cannot

spread by invasion or
metastasis

neighboring tissues,
enter blood vessels,
and metastasize to
different sites
A class lll adenoma
(benign) grows

A malignant carcinoma

develops
/ =
4 noer

w

\ & metastasizes
\ (spreads to other
\ tissues)

Lomen " gy =/ 298 Beni li A benign glandul d a mali
Lo Ny, S - \j‘Jfo enign versus malignant tumors. A benign glandular tumor and a malignant
)’jy‘ y Yo culs . .jJ - glandular tumor appear structurally distinct.
P Normal colon " et ? ) , , . . . .
4 JJuv. } epithelial cells { 9 f')j/ As células cancerigenas invadem tecidos escapando pela lamina basal que define
. - o ! Basal lamina ——{ ¢ : .. . o
war | RS e R os limites dos tecidos, espalham-se pelo corpo estabelecendo areas secundarias
olaco:cn <N Tumor cells invade Ly . .
: o , blood vessels,allowing — ==t 73 de crescimento- Metastases (secretam proteases que degradam a matrix
~ metastasis to occur .
>\ o -~ extracelular circundante- MMPs de membrana)
IO
vessel

As mutacOes que levam a metastases e angiogénese sao ainda pouco conhecidas®



Mecanismo genético
_ proto-oncogenes
inducao do cancro

~ » Proteinas de sinalizacao (ligandos)
2 classes de genes que sofrem mutacoes .
* Receptores de sinais

* Proteinais de transducéao de sinais

X o -
”""" o - Factores de transcricao
= © B &= ﬂ:; * Proteinas inibidoras da apoptose

* Proteinas apoptoticas
» Proteinas inibem proliferacao celular
* Proteinas de reparacao de DNA

/ Transformation . \
Tumor
Altered formation
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célula, a morte celular por == gene

~ Control protein
apoptose ou em I‘epara(}aO de DNA Ngwn}iland J Etg’]pr%ggroteln zl:\ll-gl‘gément
danificado. L

ifferentiation




Gain-of-Function Mutations em proto-oncogenes

AL Oncogenes change in one allele will alter normal function
oncogenes * proteinas J
e proteinas que onc'ogénicas i
e estimulam as dominantes
regular o células a
induzir o

crescimento,

diferenciacao
ou transducgao
de sinais Ex: myc, ras, src, abl, bcl2

cancro

proto-oncogeans
——
DELETION OR POINT MUTATION
IN CODING SEQUENCE GENE AMPLIFICATION CHROMOSOME REARRANGEMENT

| ' ! |

or
ova—EEEE— — N N —EHEE - — T ONA

| ! | | ! :

RNA [ —— I 2NN —— C——
——— I RIMA
(| |
hyperactiva normal protein greatly nearby regulatony fugion to actively transcribed
protein made in overproduced DMA sequence causes gena graatly overproduces
normal amounts normal protein to fusion protein; or fusion
or lost of regulation be overproduced protein is hyperactive

Schematic representation of three major types of genetic alterations leading to oncogene activation (bottom)

The proto-oncogene (top) is depicted as a regulatory sequence (RS) followed by the coding region (gene). In the first example, a star indicates the location of the nucleotide substitution on the transcribed
portion of the gene. In the case of the translocation example, a different regulatory sequence becomes responsible for stimulating transcription of a resultant fusion protein. For the amplification gxample,
the presence of multiple copies of the gene results in excessive expression (Adapted Kufe et al. 2003).

Three ways in which a proto-oncogene can be made overactive to convert it into an oncogene.



 MutacOes pontuais- resulta numa proteina .~ com L TATION 11

factor RasP hidrolisa

produzida constitutivamente, mas que difere . @opown  Fish et
e > —I i d'e estimulagdo do
da protelna normal ?*ﬁ / ciclo celular

Mutacbes nos proto-oncogenes ras(proteina G transducdo de sinal)
comuns cerca de 20% to 30% tumores humanos- produz a proteina

mutante RasP

ﬂl Protein kinases

{phasphorylation »
cascade) \’1& NUCLEUS
lificacio d duolicacio d SN
« Amplificacdo de genes- duplicagéo de um ona SR
segmento de DNA que inclui o gene (ou a Geno opression |
Insercao d~e gene viral analogo) - ' oroton it ¥
superproducao da proteina the cell cycle

Proto-oncogene c-fos e c-jun (codifica factores de transcricdo heterodimeros Fos-
Jun-AP1- ou homodimeros Jun-Jun que estimulam a transcricdo de genes de
proteinas que promovem a progressao ao longo da fase G1 ) em alguns tumores
estes sao sobreexpressos

Fos(red) and Jun(blue) protein
bound to DNA forming AP-1
WU transcription factor- c-jun and c-
fos are proto-oncogenes

o o o o
*Translocacdo de cromossoma- pde 0 gene L L Uy fﬁ
sobre controle de outro promotor N

proteina com expressao alterada ou ‘ . c.
superproducdo da proteina TR o

. . . . Burkitt's lymphoma
Proto-oncogene c-myc(codifica factor de transcri¢gdo que estimula a transcri¢ao
de genes de proteinas que promovem a transi¢ao entre a fase G1 a S) A FIGURE 23-19 Chromosomal translocation in Burkitt's
lymphoma. As a result of a translocation between chromosomes
8 and 14, the c-myc gene is placed adjacent to the gene for part
of the antibody heavy chain (Cy), leading to overproduction of the
Myc transcription factor in lymphocytes and hence their growth
into a lymphoma.

Also bcl-2 oncogene is activated as a consequence of the t(14;18) chromosomal
translocation in human follicular lymphomas- anti-apoptotic



m_oss-of-Function Mutations in genes supressores de tumores

Genes
supressores
de tumores

e proteinas
inibidoras de
CDks-
mecanismos
de paragem do
ciclo celular

Mutagoes

® Perda de
funcao

Normal

Mutation

Deletion

A\

Recessivas

changes in both alleles will inhibit normal function
Ex: p53, Rb, APC, MEN1, NF1

]
=Y

Functional tumor-
suppressor gene cannot
be expressed

Only non-functional
tumor-suppressor gene
can be expressed

\ Tumor-suppressor gene

DNA methylation -Wﬁ-——

@ Methylated

O Unmethylated

cannot be expressed

Tumor-suppressor gene
cannot be expressed

Alldde 1 Allele 2

\ | I/
Contred of
coll proliferation

(thsswe-specific}

“a v <
: Lossof function |
i cfboth alleles
; [ O segundo evento

v afecta o outro

LTumoe | jelo (allele 2- Loss

A. Tumor suppressor gene  Of heterozygosity
in tumor cells LOH)

« MutacOes pontuais- Mutacdes somatitas ou adquiridas —sdo mais comuns e devidas
ao ambiente (predisposicao aumenta com a idade)

« DeleccOes

* Metilac&o dos residuos de citosina no promotor ou elementos de controle 10



* Proteinas intracelulares que regulam ou inibem a progressao numa
fase do ciclo (p16 e pRDb)

1A) {B)
la Cdk NOM-PROLIFERATING PROLIFERATING
Glioblastomas e cancros de mama: inhibiton CELL o CELL
~ P16 inactive
aumentada a expressao dos genes Cdk4 oyclin DI-Caké | 6. Cat active pl6 or absent ",
- . . a W -
ou ciclina D1 (gain of function) e/ou complex ' i) Yy active
3 ; H = ~gyelin D1 tein
delecgdo ou inactivacao de p16 por J_ S o] inactive |\ \ E:i;n :| protek
. ~ {an inhibitor of a eyclin D1 | protein e — . .
metilagdo do DNA regulador (loss of A S ——he, ook :| i N complex
. N . tei |
function) e deste modo tém favorecida J_ protainl T l
i a [ lat insoti
a proliferagao celular (fase S) S (s gene rogulatory 5 ® .}amu Ab
1 active Rb._ EZF £
: )

transcription of 4@—'7 active E2F——il I I

tal that

mrr?t:;lg:::: into expression of S-phase [

5 phase genes is inhibited axpression of S-phase

genas is activated

 Controle do ciclo celular e da apoptose (p53)

Proteina supressora de tumor p53 é codificada pelo

= DNIAd:magnl gene TP53.
ell cycle abnormalities , . - ,
Hypoxia B Mumlomoﬂ'hop!;gcnolnhmlulnwlﬂplctumon(UFrmMsyndmmo) Esta em balxa concentracao na celula normal
@ —_ Para supressao de tumor:Liga-se a sequencias de DNA e
PSS ~ .
! Normal
. Rl s regul_a a expressao de genes reguladores envolvidos no
ot ever crescimento.
| cycle arrest ~
"""1”’" ‘ Yoy Controla a entrada na fase S- no ponto de regulacao do
HNATrak Death and simination of \ | (@ —» umer | Ciclo celular G2/S por reconhecimento do DNA
da ed cell - e . ~
Cell cycle restart — sy Ly e [ s el danificado- estimula a produgdo de p21 uma CKI
.‘H,-"_,£ = ‘\!‘*%’ (, L0 '.3"‘,' (,’u 'I' T ,
N~ Dumiged  Dimoe s '\': S T | nterage com outras proteinas em resposta a DNA
dm .o . .
CELLULAR AND GENETIC STABILITY 2.DNAdamage Delective mitosts (Aneuploidy) danificado estimulando a apoptose e enzima de
C. Model of the function of the p53 gene ~
reparagao

Em células cancerigenas ha falta de p53 faz com que
cromossomas fiquem fragmentados (loss ofJunction
mutation ou mdm2 gain of function)



survival

i Bid =™ 1@id
o

Z

Imtlalor Caspases

Effecmr Caspaseas

Figure 1 A model for p53-induced apoptosis by simultancous
targeting of distinct points in the apoptotic network.

DNA de virus cancerigenos

Nos papiloma virus humano os viral nro

oncogenes virais E6 e E7 interagem Rb protein binds eqUeste
. N . .r i ) ' . Rb ar 53
Ilgz?mdo—se as proteinas codificadas por cell proliferation facto active call
dois genes supressores de tumores : proliferation factor
ene RB1 forma proteina oRb (CO— inactive cell proliferation factor
& | proteina p " (gene regulatory protein) anls, e transcription pad
repressor) que é inactivada pela N ™9

proteina viral E7 p53 ligada a proteina
viral E6 é eliminada por ubiquitina¢do

=]

=

B
|

brake on cell [ ifaratio
CELL PROLIFERATION ACTIVATED
CELL PROLIFERATION BLOCKED BY DNA VIRUS
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TERAPIAS

exploram a instabilidade genética das células cancerigenas: expressao de telomerase e
perda de reparacao do DNA

TERAPIA

PREVENCAO CITOTOXICA:

resisténcia células sdo
heterogéneas e mutacgoes

sucessivas, multidrug
resitance (amplificagdo do

gene Mdrl, gene DHES
ionizing damage

i , ,«©
radiation repaired — norpya_l cell
DNA division
dlmage @ ™~

OR
induction of %

DETECCAO REMOCAO RADIACAO

PRECOCE CIRURGICA IONIZANTE

p53 causes cell  damage too

cycle arrest extensive
to repair apoptosis
|omzm9 massive mitotic failure
radiation and cell death
cell division TUMO
DNA with damaged REGRESS L S
damage chtomosomos

tumor cell no cell ->->
lacking p53 cycle arrest

continued mutation, selecnon
and tumor evolutibh



NOVAS TERAPIAS

Conhecimento molecular do cancro e da sua progressao- tornando como alvo os defeitos

* Bloqueio de sinais de estimulacdao de crescimento
e Estimulam o sistema imune
* Entrega de drogas toxicas a células cancerigenas

* Agente que bloqueia uma

, . ~ Targeted thera
proteina que as células sao g Py
altamente dependentes- Cganditargetid —
anticorpo monoclonal que inibe a T“""‘“PY\ pZ Antibodies
proteina ou activa uma resposta Wstaioprciainase d )
Inhibitors 4

Growth
Factor
Receptors

imune
e Activacdao de p53 nas células
cancerigenas estimula a apoptosewunotherapy

Tyrosine Kinase
Inhibitors (Glivec,

e Agentes antiangiogénicos: inibicao e Gefitinib)
da formacao dos vasos Signaling
) Molecules 2
sanguineos do tumor I\A;;oopr:;st;s

Angiogenesis Inhibitors
(Angiostatin, Endostatin &
Avastin)

Antisense
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HER2 epidermal growth factor receptor family Herceptin® (trastuzumab) is a monoclonal antibody that binds to HER2. This prevents the
receptor from activating the pathways that promote the proliferation and survival of breast cancer cells.

Normal cell Dead cell —©

- 6"‘“ i “
S Tumour )~ Y p53 ) u
progression activation y | \
Activating T - ot
Chromoﬁme 17 ChromoSome 17 mutation freste

: 3 cell
in'Cancer Cell inNormal Cell in Kras Tamoxifen

L |
No or non-functional p53

Angiogenic
vessel =%

Feldser et al.X and Junttila et al.2 studied mouse models of non-small-

=
o . . .
T 8 cell lung cancer (NSCLC) characterized by oncogenic mutation
Angiogenesis . . . .
i TumorgthT & of Kras to investigate what happens in the absence of p53. They find
roduce g . . .
e VEGFZ____ Angiogenesis l that, without p53, tumours could progress even if the oncogenic stress
""’“".—'fﬂ T;;;gg: Tumor growth level increased above threshold level and the tumour-suppressor
.......................................................................... . A . .
Vear  Anti-angiogenic pr.oteln plg 7 was activated. W_hen th.e authors restored_p53 function
drugs with tamoxifen, tumour cells with an increased oncogenic flux were
lsv;,;ggw %’ either arrested or killed. Less advanced lesions were unaffected,
Hematopmes,s ,:g‘nﬁ’;‘t’c‘)’&?g;gf& 3 however, probably because their oncogenic flux remained below the
C — s o .
'Vlyelogenes's ‘\/4 myelogenesis § threshold level. The authors did not detect DNA-damage response,
toxic effect of tolerance . . . . . . .
i wanvEGe to chemotaxioiy) e ; g indicating that, at least in their models, it does not contribute to p53
Chemotoxic . . A
High Mortallty - drugs Survival activation.

improvement

Schematic diagram of mechanisms underlying antiangiogenic and

cytostatic drugs. Antiangiogenic agents significantly improve survival in

tumor-bearing mice by increasing tolerance to chemotherapy-induced

toxicity 15


http://www.nature.com/nature/journal/v468/n7323/full/468519a.html#ref1
http://www.nature.com/nature/journal/v468/n7323/full/468519a.html#ref2

Markers predictive of drug@..‘e‘:-:
sensitivity/resistance  *

Markers predictive of <.

) adverse events
«(Genomics

*Transcriptomics
*Proteomics
Metabolomics
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As células cancerigenas diferem no controle do crescimento, morfologia, interaccdes célula a célula,
propriedades das membranas, estrutura do citoesqueleto, secreccao de proteinas e expressao de genes.

If the p53 "guardian” gene is
muttated, cancer cells escape the
, el death program that stops &80

Mmmmy b) Stop call division by _- - Future cances drugs may 8
3) Clq <0 the ntercepting the b U activate the cell daath program.” & ;
sngna can't entes signal relay system. a8

Protein thal haits cell dmision




’

. Tumor Cells )
- Cancer cells produce proteins that

allow them to move to other sites
Mutant Cell + 4 in the body. Scientists are studying
X ‘Ways to deactivate those proteins.

Block Angiogenesis \
Tumors create new blood vessels in s -
order to grow. Anti-growth agents Immunize the Patient

o can prevent blood vessels from The body's immune system does
forming, and this chokes the tumor. not usually attack cancer celis

Growth Signal (See graphic on page 12.) the way it does a bacterium or

o virus. Vaccines may teach the
: immune celis to recognize and
destroy cancer cells.

~ Some accelerator genes increase the
number of receptors for growth signals.

ﬁ Fighting Cancer with Bloted




