
Lista de exercícios – Aula Ciclo Celular 

 

1) Cite uma proteína envolvida no controle do ciclo e descreva como pode ser 
ativada/inativada. 

2) O que são mitógenos? O que são fatores de crescimento? Explique se há diferença na 
ação destas moléculas e em qual fase atuam.  

3) O que são Cki’s? Qual é o seu papel no ciclo celular? Cite uma proteína deste grupo e 
seu mecanismo de atuação. 

4) Porque algumas proteínas são consideradas “oncoproteínas”?  

5) A proteína hSNF5/INI1 foi caracterizada como um supressor tumoral, cuja expressão é 
muito reduzida em alguns cânceres agressivos, como o tumor teratóide rabdóide maligno 
(MRT). A super-expressão de hSNF5/INI1 foi induzida em algumas linhagens tumorais e 
o progresso do ciclo celular foi avaliado com incorporação de BrdU. O BrdU (bromo-
deoxi-uridina) é um nucleosídeo sintético análogo da timidina. Este composto pode ser 
incorporado ao DNA durante sua síntese, na fase S do ciclo celular, e por isso funciona 
como um marcador de detecção de proliferação celular. 

(baseado em Versteege et al., Oncogene, 2002) 

5.1) Explique os resultados observados no gráfico abaixo, após super-expressão de HA-
INI1. A GFP foi utilizada como controle. Qual das três linhagens celulares (eixo x) tem 
maior taxa de proliferação com a super-expressão de INI1? E a menor? 

  

  

 

5.2) Algumas proteínas adenovirais podem ligar-se diretamente a pRB, como é o caso de 
E1A. E1A foi co-transfectada com HA-INI1 na linhagem MON, e o resultado abaixo foi 
observado. As versões mutantes E1A-ΔCR1 e E1A-RBmut não tem domínios de ligação 

puromycine for 24 h and the BrdU incorporation was
studied by flow cytometry. As shown in Figure 3, the
expression of cyclin D1 or cyclin E, but not that of
CDK4 or CDK2, was able to completely abrogate the
S phase inhibition induced by HA-INI1.

A major role of cyclin D1/CDK4 and cyclin E/
CDK2 complexes is the sequential phosphorylation of

the pRB protein leading to the disruption of pRB-E2F
complexes and therefore to the activation of E2F target
genes (Harbour et al., 1999; Lundberg and Weinberg,
1998). Since pRB is consistently expressed in MRT
cells (data not shown), we used the adenoviral E1A
protein to inhibit its activity and to evaluate its role on
HA-INI1-induced cell cycle arrest. Indeed, one of the

Figure 1 hSNF5/INI1 inhibits S phase entry in malignant rhabdoid tumour cell lines. (a) The amount of cells in S phase was ana-
lysed by immunofluorescence for MON, KD and G401 MRT cell lines transfected with HA-INI1 or GFP. At least 150 HA-INI1 or
GFP positive cells from two independent experiments were counted for BrdU incorporation. (b) Representative FACS data and
corresponding histograms for MON cells transfected with pPUR and either HA-INI1 or empty pcDNA. Following 24 or 48 h
of puromycin selection, cells were labelled with BrdU and analysed by FACS. In contrast to pcDNA-transfected cells, an increase
of the G1 phase and a decrease of the S phase are observed at 48 h and maximum at 72 h after transfection with HA-INI1
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com pRB. Na parte inferior da figura há um western blot mostrando a expressão das 
respectivas proteínas.  Como você interpretaria estes resultados com relação ao controle 
do ciclo celular? E qual o papel de pRB nesse processo? Explique. 

 

 

 

were dominant upon HA-INI1 to induce DNA
synthesis. They also suggested that pRB plays a critical
role in hSNF5/INI1-induced S phase inhibition.

Study of the overexpression of HA-INI1 in non MRT cell
lines

To further study the putative role of pRB on HA-
INI1-induced cell cycle arrest, we transfected HA-INI1
in different cell lines with an abnormal pRB pathway.
The SAOS-2 cell line is derived from an osteosarcoma
and expresses a C-terminal truncated pRB protein

(Shew et al., 1990). The MDA-MB-468 breast cancer
cell line harbours a homozygous deletion of the pRB
locus (Herrera et al., 1988). U2OS osteosarcoma cells
lack the p16INK4A inhibitor of the cyclin D1/CDK4
complex and therefore express an hyperphosphorylated
pRb protein (Craig et al., 1998; Kamb et al., 1994).
Previous results have shown that coexpression of pRb
and BRG1 but not expression of pRb alone can arrest
U2OS cells suggesting that the pRb pathway is altered
in these cells (Zhang et al., 2000). Given the variable
puromycin resistance of the three cell lines, a slightly
different approach from that above-mentioned for
MON cells was used. In brief, cells were cotransfected
with pBOS-H2BGFP encoding an H2BGFP fusion
protein, and relevant expression vectors in a 1/5 ratio,
then labelled by propidium iodide. GFP positive cells
were analysed by flow cytometry. As shown in Figure
5, the expression of a constitutively active pRB (RB-P)
(Xiao et al., 1995) efficiently blocked the entry into S
phase of SAOS-2 and MDA-MB-468 cells as evidenced
by an increase of cells in G1 and a decrease of S phase
(Figure 5). In contrast, wild-type HA-INI1, similarly
to truncated HA-INI1D2, had no effect on the cell
cycle distribution of these cells. For U2OS cells, a
significant increase of the G1 associated with a
decrease of S and M phases could be induced by
p16INK4A but not by HA-INI1. Together with the
above-mentioned results obtained in Hela cells, in
which pRB is functionally inactivated by the presence
of HPV18 E7, these data suggest that HA-INI1 is
unable to induce a cell cycle arrest in cells harbouring
a deficient pRB pathway.

Figure 4 Ectopic expression of wild type E1A but not of mutant
proteins deficient for pRB binding can relieve the cycle arrest in-
duced by HA-INI1. MON cells cotransfected with pPUR, HA-
INI1 and E1A expression vectors were selected with puromycin
for 24 h, labelled with BrdU then submitted to FACS analysis.
E1A DCR1 encodes an E1A protein lacking the CR1 domain
and E1A Rbmut contains a mutation of the RB binding domain
within the CR1 domain that abrogates the association with pRB
(Trouche and Kouzarides, 1996). Histograms indicate the relative
amount of cells in S phase as compared to pcDNA-transfected
cells. Beneath the histograms, Western blot analysis of the expres-
sion of HA-INI1 and E1A proteins are displayed

Figure 3 Ectopic expression of cyclin D1 (a) and cyclin E (b) re-
verts the S phase inhibition induced by HA-INI1. MON cells co-
transfected with pPUR, HA-INI1 and other relevant expression
vectors were selected with puromycin for 24 h, labelled with BrdU
then submitted to FACS analysis. Histograms indicate the relative
amount of cells in S phase as compared to pcDNA-transfected
cells. Beneath the histograms, Western blot analysis of the corre-
sponding experiments are displayed
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