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Influenced by:
* Cell size
* DNA damage
« DNA replication
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Copyright © 2009 Pearson Education, Inc.



Ciclo celular

Cell division

DNA synthesis
m [CYCHH] @

Mitosis Cdk

CQ / \ Chromosome duplication

Chromosome separation G2

Cells with duplicated chromosomes
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INK CDK inhibitors
(p15, p16, pI8, p19)

Cyclin B:
CDK1

CyclinD:
CDK4, CDK6 "

KIP/CIP CDK inhibitors
(p21, p27, p57)

Cyclin A:
CDKI1

Cyclin E:
CDK2

Cyclin A:
CDK2



Cell Cycle Control: G1/S Checkpoint
Growth Factor
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Cell Cycle Control: G2/M DNA Damage Checkpoint
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Controladores do ciclo celular

Ciclina subunidade regulatéria, fase especifica. Determina

especificidade e ativacdo de CDK

subunidade catalitica — expressao constitutiva

|

Ciclina

Complexo ativo — fosforilacdo de proteinas
—_— ;- .
@ regulatdrias do ciclo celular
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Regulacao da atividade dos complexos ciclina/CDK
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Controle/expressao fase-especifico
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Regulacao da atividade dos complexos ciclina/CDK...

Uma tarefa nada simples...

Ciclina
-
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Regulacao da atividade dos complexos ciclina/CDK
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CDK, Ciclinas e fases do ciclo
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Controle/expresséao fase-especifico
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CDK, Ciclinas e CKI
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CDK, Ciclinas e CKI
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FUNCAO: exemplo da ciclina D

Ciclina D:

Importante na progressao do
ciclo devido a sua interacao
com p21 e p27
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Resumo: Principais funcoes das ciclinas

Ciclinas D — fosforilacao de pRb levando a expressao de genes, cujos
produtos sao necessarios para a sintese de DNA, controle da
expressao de ciclina E

Ciclina E — mantém pRb fosforilada, importante para a progressao de
G1 e natransicao G1/S (pode substituir a Ciclina D), regula a
transcricao de genes de histonas e o inicio da replicacao do
DNA

Ciclina A — fosforila proteinas regulatorias do complexo de pré-iniciacao
de replicacao ativando a mesma e impedindo a formacé&o de
novos complexos de pré-iniciacdo. Importante nas transicoes
G1/S e G2/M

Ciclina B — condensacao do DNA genomico, ativacao de APC que
degrada o inibidor de anafase e também inicia a telofase
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= Imortalizacao e transformacao celular



Ciclo celular: Imortalizacao e transformacao
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Ciclo celular: Imortalizacao e transformacao

relomerelengn 1 21OMeEros e Senescéncia
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Germ cells {telomerase +)

Stem cells (telomerase +)

Somatic cells (telomerase -}

Telomerase activation Tumor cells {telomerase +)

replicative senescence

senescence Crisis Cell replication



Ciclo celular: Imortalizacao e transformacao

Célula
normal
Capacidade Limitada
replicativa
Inibicdo por contato Sim
Densidade de :
Baixa

saturacao

Dependéncia de
fatores de Alta
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Crescimento
iIndependente de Nao
substrato

Formacéao de
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= Oncogenes e genes supressores
de Tumor
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Proto-oncogenes

Definicao classica

= Genes celulares normais.

= Os produtos dos proto-oncogenes estao
envolvidos na regulacdo da progressao do
ciclo celular.

= As mutacOes nestes genes sao dominantes
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Os proto-oncogenes codificam:

= Fatores de crescimento
= Receptores de fatores de crescimento
= Proteinas G

= Proteinas citoplasmaticas envolvidas na
transducao de sinal

= [Fatores de transcricao
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Proto-oncogene vs. oncogene
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Como um proto-oncogene vira um oncogene?
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Proto-oncogene VS. oncogene

Proto-oncogene

T
/oy Y( DNA
(a) Mutation within (b) Multiple copies (c) Gene moved to
the gene of the gene new DNA locus,
l l under ntiw controls

/RS Y /O R e/ Y ]’(F@(
;’_/

Oncogene New promoter
Hyperactive Normal growth- Normal growth-
growth- \\ / 7 stimulating ° stimulating 0
stimulating 3 3 protein protein
protein / N\ Re in excess O in excess '
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Proto-oncogene VS. oncogene

Linfoma de Burkitt

normal Burkitt’s - e
heavy-chain immunoglobulin (IgH) gene
chromosomes lymphoma S—
t(8;14) _ Chromosome 14
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) C— Sl

Chromosome 8
%
l reciprocal translocation
24.13 laH IgH myc oncogene
W7 ... 97 q32.33
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Proto-oncogene VS. oncogene

4

Ras proteins .
PDGF receptor (H- ngs) gggF (sis)
EGF receptor (erdB) (N-rus) Src protein kinase M-CSF
M-CSF receptor (fms) (K-rus) (s7¢)
r growth factors
growth factor receptors GTP-binding membrane/cytoskeleton-
acting via tyr osine-sp ecific protems associated tyrosine-specific
protein kinase activity protein kinases
thyroid hormone b %
(fes) receptor (erbA) e
-  *
cytoplasmic tyrosine-specific steroid-type growth serine/threonine-

protein kinases factor receptors specific
\ protein kinases
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Proto-oncogene vs. oncogene

Proto-oncogene
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Colaboracao entre oncogenes
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Supressores de tumor e sua perda

= Genes celulares gue codificam fatores que
Inlbem a proliferacao celular

= As mutacdes nestes genes sdo recessivas
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Supressores de tumor e sua perda
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Supressores de tumor e sua perda

X0

/ \ Mutated tumor-suppressor gene
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Normal cell growth
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Supressores de tumor e sua perda

the accumulation of gene mutation Lo
Mitotic failure and

53 level cell death
- apoptosis NO p53
rises (: % : ;\
NO G1
G1 arrest
arrest
AO-0~650~D~C2C
DNA DNA
damage Q damage =3 Tumor

\O Repair Division with damage

before division (mutation,aneuploidy)
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Supressores de tumor e sua perda

p53 o “guardiao do Genoma”

Isso deve dar trabalho...
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Supressores de tumor e sua perda

/7
. E da mesmo!!!
DNA damage oo
activation
Ribosomal
\ / stress
E—
» CDK inhibitors
p53 activity, » Proteasome inhibitors
tabili * Nuclear transport inhibitors

*« MDM2 inhibitors
« El inhibitors
« HSP90 inhibitors

Apoptosis Cell-cycle
arrest

DNA repair
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Supressores de tumor e sua perda

Cell stress DNA tumour virus

B ooxal EVTP DNA Spindle Oncogene SV40, HPV or
P depletion| | damage | | damage activation adenovirus
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‘ E2F1- medlated transactivation

SV40, HPV or
adenovirus

‘p53 target gene‘
4 N\
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TP5313 BBC3 "~
cocasc| | Al p53 o “guardiao do
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g:'esc':tyc e Apoptosis G enoma
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Supressores de tumor e sua perda

p53 o “guardiao do

Ativar a via de p53 pode promover apoptose
Genoma” b2 POtE P bop

A damage
ctivated oncogenes
ypoxia

bonucleotide deplet

p53 targets

Nucleus
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Supressores de tumor e sua perda

p33 0 “guardiéo do Genoma” Ativar a via de p53 pode promover

varias respostas.

© Contact
mutations

® Structural
mutations

TAD1 PRD TET

Basic

175

W

245 | 249 | 1282
248! 273!

S
Cancer hot-spot mutations

b @ ——.
RNA pol Il

N/NININITNTNY N/NTN NN
~ ) NSNS RNA
AVAVAVAVAVAN
RYAVAVAVAVAS
/ \ MAANNN
Apoptosis: Senescence: Metabolism or antioxidant: Autophagy: Tumour microenvironment:
* Apaf1 = TP53AIP1 * Cdknia + Pml * Adora2b e Prkab2? * Atg10 * Pik3r3 * Bail * Mcp1
* Bax * Perp * Pail * Aldh4 * Pten * AtgZb * Prkag? * Cx3cll  » Ncf2
* Fas » Pidd s Gamt * S5col » Atg4a * Puma * [cam1 * Pail
s Dr5 = Pig3 DNA repair: e Gls2 » Sesnl = Atg4c * Tpp1 o Irf5 o Tlr1-TIr10
* mir-34  * Puma * Ddb2 * Mlh1 * Gpx1 * Sesn2 * Atg7 * Tsc2 * Irf9 * Tsp1
» Noxa * Siva * Frcch * Msh2 s | pinl » Tigar » Ctsd * Ulk1 * [sgl5 * Ulbp1
* Fancc ® P53r2 ® Parkin = Tp53inpi » Ddit4 » Ulk2 * Maspin = Ulbp2
Cell cycle arrest: » Gadd45a -+ Polk ® Prkabl = Tsc? * Dram1 e« Uvrag
* 14-3-30  » mir-34b/ * Ku86 * Xpc * Foxo3 » Vamp4 Invasion or metastasis:
s Big2 34c * Mgmt * laptm4a * Vmpl * Cdknla * mir-200c
» Cdknla = Pri3 » kb1 * mir-34a
* Gadd45a = Ptprv
* mir-34a  * Reprimo Stem cell biology:
* Cdknla * mir-34b/34c
* mir-145 = Notchl
* mir-34a
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Supressores de tumor e sua perda
p53 o “guardiao do

N = Via estd muito bem regulada...e seus inibidores
Genoma alterados em alguns tumores.

_'——‘_'__ %‘ p5 3 _\_\_\___\_\_—_\_‘_—\—\_

Ublqunylatlon

%QM — > % Cytoplasm

Induces p53 Inhibitors of
degradation the p53-MDM2

interaction

Q
0 X5 AN
' o® Favours nuclear
o " W
Proteasome
p53 targets
@ Blocks
transactivation
NCOdene

Inhibitors of ? Ip53—independent

MDM2

LIMOour-suppressc
ctivi

]

activities

Nucleus
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Supressores de tumor e sua perda

Inibidores da interacao p53-MDM?2

Table 1 | Inhibitors of the p53-MDM2 interaction

Compound Structure

1
2

Ac-GIn-Glu-Thr-Phe™-Ser-Asp-Leu-Trp**-Lys-Leu-Leu®-Pro-NH, 8.7
Ac-Met-Pro-Arg-Phe'-Met-Asp-Tyr-Trp*-Glu-Gly-Leu®-Asn-NH, 0.3

Ac-Phe'™-Met-Asp-Tyr-Trp*-Glu-Gly-Leu”®-Asn-NH, 8.9

Ac-Glu-Thr-Phe'-Aib-Asp-Aib-Trp*-Lys-Aib-Leu®-Aib-Glu-NH, 5.2

Ac-Phe'™-Met-Aib-Tyr-Trp?-Glu-Ac,c-Leu’®-Asn-NH, 2.2
Ac-Phe'™-Met-Aib-Pmp-Trp-Glu-Ac,c-Leu®-Asn-NH, 0.3
Ac-Phe'™-Met-Aib-Pmp-6CITrp*-Glu-Ac,c-Leu™-Asn-NH, 0.005

IC,, (uM) Type of

compound
Wild-type p53
Phage-derived
peptide
Truncated phage-
derived peptide
Constrained
wild-type
peptide
Constrained
peptide 3
Peptide 5 with
a PMP

at position 22

Peptide 6 with
a 6CITrp
at position 22

References

62

62

61

62

62

62
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Supressores de tumor e sua perda
Via de pRb/E2F Controle da transicao G1/S

Transcriptional
activation

DHFR
Pol Alpha

Cdc2

Cyclin E
Cdc6
Mcm

- E2F-1
RB
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Supressores de tumor e sua perda
%Growth factors, nutrients Contr()Ie da tranSigéO Gl/S
, GO l

:. Exit from
', quiescence CDK4 and @ — | INK4 O
“ CDKé6 .

A \ EZ
Positive
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Supressores de tumor e sua perda

l

G2 |

Controle da transicao G1/S
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Supressores de tumor e sua perda

Normal cells Replicative

/ o5% o5 R immortality
or

deficient cells
pS3 and pRb

/ dafiient dells

Proliferation

M2
Crisis

Active

telomerase
<«

Inactive

telomerase

M1 Population doublings



=80% Glioma/blastoma

Perda do controle do Ciclo celular

AlteracOes natransicao G1/S

o

=>80% Pituitary

@ e

KIP1
-

>80% Breast

INK4AB

D

INK4A ||CDKB|(CDK4

KIP1

=90% Lun

INK4A

€

HEIED G

Q

KIP1
L

>80% Pancreas

INK4B

€2

kA |(D1)|coKa @@

KIP1
Lo

KIP1
-

D3 ) [ INK4A

&)

>90% Gastrointestinal

E1 (D2 )|CDK2|[INK4A |{ D1 )|CDK4|

€

>80% Endometrium

KIP1

2

E1)|INK4A

70%

Bladder

CDK4 @@

KIP1
&

=90% Bone

INK4A

€D

marrow (leukasmia)

KIP1

@

INK4B

INK4A CDK4

>80% Head and neck

@30 CDK4 INK4A | [KIP1
< &

=80% Lymphoma

CDK6 INK4A

INK4B @ fg

>20% Melanoma

=90% Liver

CDK4

{ D1} /INK4B

INK4A||p15| [CDK2| E1 }|KIP1
@ L

70% Prostate

@@ INKA4A <E> KIP1
‘&

>80% Testis/ovary

@ CDK4

@ INK4A @@ 1((5’1

>80% Bone (osteosarcoma)

@ CDK4|[INK4A | (E1)

90% Other sarcomas

CDKB INK4A @ KIP1




Controle da transicao G1/S: inibidores de CKDs

Table 1 | Small-molecule CDK inhibitors

Compound
Olomoucine
Roscovitine

Purvalanol

NUZ2058 and
NUe027

UCN-01*

Indirubin-5-
sulphonic acid

Flavopiridol®

Kenpaullone
Butyrolactone |
Hymenialdisine
SU9516
CINK4

PD 0183812

Fascaplysin

Family
Purines
Purines

Purines

Purine/ pyrimidine

Alkaloids

Indirubins

Flavonoid

Paullones

Natural product

Natural product
Indolinone

Triamino-
pyrimidine

Pyrido-pyrimidine

Natural product

Specificity
CDK1, CDK2 and CDK5 >> CDK4
CDK1, CDK2 and CDKS >> CDK4

CDK1, CDK2, CDK5
CDK1, CDK2

CDK1, CDK2, CDK4

CDK1 > CDK5 > CDK2 >> CDK4

CDK1, CDK2, CDK4

CDK1 > CDK2 >> CDK4

CDK1 > CDK2

CDK1, CDK5 > CDK2 >> CDK4
CDK2

CDK4/6—cyclin DA

CDK4, CDK6 > CDK2

CDK4

Features
Growth arrest in G1/5 and G2/M. Induces apoptosis.

Growth arrest in G1/S and G2/M. Induces
apoptosis and differentiation in some cases.

Growth arrest in G1/5 and G2/M.
Growth inhibition of tumour cells.

Growth inhibition and apoptosis. Induces G1/S and
G2/M arrest. Some activity in clinical trials against
melanoma, lymphoma and sarcoma.

The founder of this class, indirubin, is the active
component of a traditional Chinese recipe against
leukaemia.

Growth arrest in G1/5 and G2/M. Also

induces apoptosis and differentiation. Clinical trials
have shown some activity against lymphoma,

and colon and renal cancer.

Delayed cell-cycle progression. Inhibits growth of
tumour cells in vitro.

Isolated from Aspergillus. Growth arrest in
G1/5 and G2/M. Also induces apoptosis and
differentiation is some systems.

Isolated from a marine sponge.

Decrease in RB phosphorylation and caspase-3
activation. Causes G0/G1 and G2/M block.

Causes RB dephosphorylation and growth arrest
in culture and smaller tumours in a xenograft model.

G1 arrest in RB-positive cells, in correlation with
RB hypophosphorylation.

G1 arrest and RB dephosphorylation at sites that are
specific for CDK4 kinase.

References
110
110

75
111

80

79

80

112

113

114

115

116

117

118

Asterisks refer to compounds tested in clinical trials. CDK, cyclin-dependent kinase; RB, retinoblastoma.
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Resumindo: Supressores de tumor vs. oncogenes

Colon wall

12 ©

Cellular Increased Growth of benign Growth of malignant

changes: cell division tumor tumor

DNA Oncogene Tumor-suppressor Second tumor-suppressor

changes: activated gene inactivated gene inactivated ;
\

(a) Stepwise development of a typical colon cancer

Copyright © 2004 Pearson Education, Inc., publishing as Bangamin Cummings.
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Resumindo: Supressores de tumor vs. oncogenes

Figure 16.19a
€D Loss of tumor-
suppressor gene
APC (or other)
\—‘ Colon wall
Normal colon Small benign
epithelial cells growth (polyp)
@) Activation of @) Loss of
ras oncogene tumor-suppressor
gene pd3
> @ | >
€ Loss of @ Additional
tumor-suppressor mutations
UENERCE Larger benign Malignant tumor

growth (adenoma) (carcinoma)
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Resumindo: Supressores de tumor vs. oncogenes

-
|
3 0808 0808 680  adpe
1 2 3 4

mutation mutations mutations mutations

-0 @ @

Normal Malignant
cell cell )

-

L

(b) Accumulation of mutations in the development of a cancer cell

Caopyright @ 2004 Pearson Education, Inc., publishing as Benjamin Cummings.
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Resumindo: Supressores de tumor vs. oncogenes
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Controle do Ciclo celular

Morte vs Proliferacao

Oncogenes vs
Supressores de tumor

Quem decide?

Como decide?

Microambiente
tumoral
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Morte vs Proliferacao

Tumour acquired capabilities

Evading apoptosis  Limitless replicative Self-sufficiency in  Insensitivity to Sustained
potential growth signals anti-growth signals angiogenesis

Nature Reviews | Cancer



Controle do Ciclo celular
Morte vs. Proliferacao: deslocando o equilibrio

Includes mismatch
repair-mediated
Cancer treatment Toxic lesions toxicity Major repair pathways

Single-strand breaks  No ( = ]

Double-strand breaks
BER

a Radiotherapy and radiomimetics
lonizing radiation
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