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Ciclo celular

Processo pelo gqual as células e todos seus componentes, incluindo
seu material genético, sao replicados para formar duas células filhas

O processo e bastante semelhante em células eucariontes

= célula humana — 24h
= |evedura — 90min
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\ células filhas

G2 condensac&o do DNA
guebra do envelope nuclear /
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G2-M Transition CI C I O C el U I ar

Influenced by:
* Cell size
* DNA damage
« DNA replication

Metaphase-Anaphase
Transition

Influenced by:
+ Chromosome attachments

to spindle
M
G2
G1
S
(DNA synthesis)
Restriction Point (Start)
Influenced by: W GO
- Growth factors o
* Nutrients
* Cell size

* DNA damage
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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



Ciclo celular

Controladores do ciclo celular

Ciclina subunidade regulatéria, fase especifica. Determina

especificidade e ativagcao de CDK

subunidade catalitica — expressao constitutiva

|

Ciclina

Complexo ativo — fosforilagao de proteinas
—_— , - .
@ regulatorias do ciclo celular
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Regulacao da atividade dos complexos ciclina/CDK
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Ciclo celular

Regulacao da atividade dos complexos ciclina/CDK...

Uma tarefa nada simples...

Ciclina
-

DK
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Regulacao da atividade dos complexos ciclina/CDK

Ciclina

. K
guinase
ativadora
%sfatase Complexos
inibidora Inativos
Complexo ativo
guinase -
Ciclina inibidora Ciclina
—

—
K
O L fosfatase -
l ativadora

|

Fosfato inibidor

Fosfato ativador



téica

expressao pro

sinal %

mitogénico

Gl

Ciclo celular

Controle/expressao fase-especifico
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FUNCAO: exemplo da ciclina D

Ciclina D:

Importante na progresséo do
ciclo devido a sua interacéo
com p21 e p27
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Controle/expresséo fase-especifico

CDK1/Ciclina B
CDK1/Ciclina A

GO

CDK4/Ciclina D
CDK6/Ciclina D

G1

CDK2/Ciclina A AZ/Clclma E
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CDK, Ciclinas e CKI

CDK1 Ciclina B
CDK1 Ciclina A

M
GO
G2 CDK4 Ciclina D
CDK®6 Ciclina D
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CDK2 Ciclina E

Ciclina A
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Resumo: Principais funcoes das ciclinas

Ciclinas D — fosforilacdo 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 na transicdo G1/S (pode substituir a Ciclina D), regula a
transcricdo de genes de histonas e o inicio da replicacao do
DNA

Ciclina A — fosforila proteinas regulatorias do complexo de pré-iniciacao
de replicacéo ativando a mesma e impedindo a formacé&o de
novos complexos de pré-iniciacao. Importante nas transicoes
G1l/S e G2/M

Ciclina B — condensacao do DNA genbmico, ativacao de APC que
degrada o inibidor de anafase e também inicia a telofase



Cell Cycle Control: G1/S Checkpoint
Growth Factor

Ciclo celular L e
@ DMNA

TGF-B J_

Replicative Damage
Senescence
—,-ﬂ-'___- /
Differentiation

& ‘ ba
\ @i G
A\ j { V% f ~ / \ /J@F;;;"sx

T /
D
---- 3 Ubiguitination

/
s
e\ gy

---3 Ubiquitination

Growth
Factor
Withdrawal

®

CHNOLOGY® 0 a E2F/DP Target Genes:
. q cyclin E/A, E2F-1/2/3,
FoxO! 1 E2F cde2, c-Mye, p107,
. DBE | : - RanGAP, TK, DHFR,

)
OFF OM  PCMA, H2A, etc.



Cell Cycle Control: G2/M DNA Damage Checkpoint

Ciclo celular Wcmwsm
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Perda do controle do Ciclo celular

= Imortalizacao e transformacao celular



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

Normal cells Replicative

/ 53 or bRb immortality
po2sorp

deficient cells
pS3 and pRb
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Ciclo celular: Imortalizacao e transformacao

lelomere length T6|f)merOS e SeI’]ESCénCIa

A

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 Célula Célula
normal imortalizada transformada
Capacidade Limitada Indefinida Indefinida
replicativa
Inibic&o por contato Sim Sim Sim (e nao)
Densidade de Baixa Alta Alta

saturacao

Dependéncia de
fatores de Alta Alta Baixa
crescimento

Crescimento
independente de Nao Nao
substrato

tumores em Nao Nao
camundongos nude

Formacéo de @




Perda do controle do Ciclo celular

= Oncogenes e genes supressores
de Tumor
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= Licdes aprendidas de retrovirus animais.

Transplante de tumor de segunda geracao em
galinha.

;|

Peyton Rous in 1923.

www.pnas.org/cgi/doi/10.1073/pnas.1108655108
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= LicOes aprendidas de retrovirus animais.

= Origem celular dos oncogenes

KDV Transrorms
cells and replicates

gag pol env (

] . .\\'.’i -
\N'U'n’d/fectlve e

The genome of transformation-

defective RSV has lost the src gene Defective RSV

replicates but does
not transform cells

gag pol env

Transformation-defe cive S doi:10.1038/nrc3320
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Proto-oncogenes

Definicao classica

Genes celulares normais.

Os produtos dos proto-oncogenes estao envolvidos
na regulacao 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

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 new controls
N, S&™ N \ y - s, * -
/o Y \X | < /\F%(
Oncogene New promoter
Hyperactive \ / - Normal growth- Normal growth- »
growth- N j‘/ stimulating O stimulating
stimulating ~( " protein protein
protein /“‘/’" N\ in excess O in excess ‘
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1 Proto-oncogene vs. oncogene

PDGF receptor
EGF receptor (erd5)
M-CSF receptor (fms)

Ras proteins
(H-rus)
(N-ruzs)
(K-rus)

Src protein kinase

PDGF (sis)

EGF
M-CSF

growth factors

Cotdn kinases

growth factor receptors GTP-binding
acting via tyr osine-sp ecific proteins
protein kinase activity
thyroid hormone
(fes) receptor (erbA)
\ ‘ /
cytoplasmic tyrosine-specific steroid-type growth

factor receptors

membrane/cytoskeleton-
associated tyrosine-specific
protein kinases

serine/threonine-
specific
protein kinases

ny 'L!l"‘
nuclear proteins
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2 Proto-oncogene vs. oncogene

(X-ray, UV, genotoxic drugs, hypoxia)

Oncogene activation

(Such as MYC, E2F1, Ras, BCR-ABL)

'
(ARF) —y

MDM2

L ATM/ATR
|

Apoptosis

{

DNA damage

4

\ CHK1, CHK2

M l
: G2

o/

lTarget genes Cell-cycle arrest

doi:10.1038/nrc1954
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2 Proto-oncogene VS. oncogene
DNA damage .
(Inactive) (Active)

-------

v vy
Proteasomal Proteasomal @ Ubiquitin
degradation degradation

doi:10.1038/nrm3143
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3 Proto-oncogene VS. oncogene

Linfoma de Burkitt

normal Burkitt’s .. .
heavy-chain immunoglobulin (IgH) gene
chromosomes lymphoma
; BT eormal
t(8;14) Chromosome 14
8 14 8q- 149+ +
- .t myc proto-oncogene

[E— sl
Chromosome 8

% =
l reciprocal translocation

q24.13 IgH IgH myc oncogene

....... myc @y 93233 L I9H myc N

| 4 +

| 4 - E—
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Proto-oncogene vs. oncogene

Q Growth
factor Unbound

\* recaptor
Exctracellular _—— protein

matrix
/A I - A
- [ I e ]
sz bl Inactive Activated Always Activated
NMORMAL CELL DIVISION EXCESSIVE CELL DIVISION

Como um proto-oncogene vira um oncogene?
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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

8 14 8qg- 14q+ =

- myc proto-oncogene
) 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

Proto-oncogene

Normal cell growth

v N\

0

l Mutated proto-oncogene

has become oncogene
| e JeJeJe T Je ) |

Normal cell growth

| &3, |

Loss of growth control
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Colaboracao entre oncogenes

100

My
N ras
%% mice
without ¢y _
tumors
myc + ras
I I
100 200

Age (days)
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Supressores de tumor e sua perda

= Genes celulares que codificam fatores que
Inilbem a proliferacao celular

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

.’/ \.
Tumor-suppressor gene
l

s ( \\
/O
l Normal
growth-
inhibiting
l protein

Cell division
under control

N =4

(a)

Caopyright © 2004 Pearson Education, Inc., publishing as Benjamin Cummings.
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Mutated tumor-suppressor gene
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d h
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!

Defective,
“ non-functioning
protein

~ Cell division not
. Q under control
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Supressores de tumor e sua perda

X0

/ \ Mutated tumor-suppressor gene

W0

Normal cell growth
/ Copies of the tumor-

suppressor gene

on both homologues
/ mutated
200300 ] \;&_|

Normal cell growth Loss of growth control
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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

Mitotic apparatus dysfunction

Ribonucleotide depletion

Oncogene activation w
Hypoxia \\A 1 ‘// DNA replication stress

~— —= | Double-strand breaks

Nitric oxide | =

Telomere erosion

Oxidative stress

S
= B
o%e%e
@n of p53 tar@ @—protein int@
A

Metabolic Antioxidant ~ DNA Growth Senescence Apoptosis
homeostasis defence repair arrest

M .;and‘p_hg iiqgica_ ress

doi:10.1038/nrc2723
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Supressores de tumor e sua perda

p53 o “guardiao do Genoma”

E iRNA pol i
/N7

* Gadd45a = Ptprv
* mir-34a  * Reprimo

TAD1 PRD TET BAsic ® Structural  © Contact
mutations mutations
175 245 | 249 | 282
N 248" 273"
Cancer hot—sEot mutations @
N/NINININ TN
Apoptosis: Senescence: Metabolism or antioxidant: Autophagy:
= Apaf1 = TP53AIP1 * Cdknia + Pml * Adora2b e Prkab2? * Atg10 * Pik3r3
* Bax * Perp * Pail * Aldh4 * Pten * AtgZb * Prkag?
* Fas » Pidd s Gamt * S5col » Atg4a * Puma
s Dr5 = Pig3 DNA repair: e Gls2 » Sesnl = Atg4c * Tpp1
* mir-34 = Puma * Ddb2 * Mlh1 e Gpx1 * Sesn2 * Atg7 * Tsc2
* Noxa * Siva * Frcch * Msh2 s | pinl » Tigar » Ctsd * Ulk1
* Fancc ® P53r2 ® Parkin = Tp53inpi » Ddit4 » Ulk2
Cell cycle arrest: » Gadd45a -+ Polk ® Prkabl = Tsc? * Dram1 e« Uvrag
* 14-3-30 * mir-34b/ * Ku86 * Xpc * Foxo3 » Vamp4
* Btg? 34c * Mgmt * laptm4a * Vmpl
» Cdknla = Pri3 = L kb1

NSNS RNA
AVAVAVAVAVA

AV AVAVAVAV AN
AVaVAVaVaVaY

Tumour microenvironment:

* Bail * Mcp1

* Cx3cll  » Ncf2

s [cam1i s Pail

o Irf5 o Tlr1-TIr10
* Irf9 * Tsp1

* [sgl5 * Ulbp1

* Maspin = Ulbp2
Invasion or metastasis:
¢ Cdknla = mir-200c
* mir-34a

Stem cell biology:

* Cdknla = mir-34b/34c
* mir-145 = Notchl

s mir-34a
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Supressores de tumor e sua perda
%Growth factors, nutrients ContrOIe da tranSi(}éO Gl/S
, GO l

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

A \ EZ
Positive

| feedback

-
-------



Perda do controle do Ciclo celular
Supressores de tumor e sua perda

l

G2 ,

Controle da transicao G1/S
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AlteracOes natransicao G1/S

=>80% Pituitary

@ INK4A| (D3 ) KIP1

>80% Head and neck

@30 CDK4 INK4A | [KIP1
< &

=80% Lymphoma

>20% Melanoma

=80% Glioma/blastoma

INKAB |[INK4A ||CDKE |CDK4

>80% Breast

ink4A|(D1)corl@130) (re)
k4B [INkeA|(DT)loDKe

KIP1
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D

KIP1

€

=90% Lun

o«
|
|
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|
|
|

KIP1
L

€2

>80% Pancreas — =090% Li

KIP1| (D3 ) |INK4A cDK4|{D1)INK4B||[INK4A| (15| [cDK2[( E1 ) [kiP1
L& ® _ Lo
=90% Gastrointestinal 4 TT— 70% Prostate
KiPA¢ E1 ) ¢ D2 Y|cDK2|[INK4a [ D1 YcDK4 Zb @( D1 |INK4A | E1 ) [KIP1
L®\® / tn. L
=80% Endometrium >80% Testis/ovary
KIP1 <E> INKAA CDK4 @@ | @ CDK4| (D1 ) |INK4A {D2}® KIP1
® ) N
70% Bladder >80% Bone (osteosarcoma)
KIP1 @ INKAA CDK4|[INK4A | (E1)
&~ ® \
=00% Bone marrow (leukasmia) ) 90% Other sarcomas
KIP1 @ INKAB || INK4A CDK4 ( CDK6 INK4A @ KIP1
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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.



Perda do controle do Ciclo celular
Resumindo: Supressores de tumor vs. oncogenes

Figure 16.19a

€D Loss of tumor-

suppressor gene

APC (or other)

ﬁ -\ @

\—‘ 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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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
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Hallmarks of Cancer

Sustaining Evading
proliferative growth
signaling SUppressors

Deregulating Avoiding

immune
%desuuction

Resisting Enabling
cell replicative
death immortality
Genome Tumqr-
instability & ; promotm_g
mutation inflammation
Inducing Activating
angiogenesis invasion &
metastasis

Hallmarks of Cancer: The Next Generation, 2011- Hanahan & Weinberg
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