
G1 

G2 

M 

S 

Cell cycle machinery 



G1 

G2 

M 

S 
A 

A 

cdk1 

cdk2 

D 

E 

B 

cdk2 

Cdk4/6 

cdk1 

E2F 

P 

P 

P 
P 

P 

P 

Rb 

A 



G1 

G2 

M 

S 

D1 

E1 

B 

cdk2 

Cdk4/6 

cdk1 

  Cdk4/6 

 
D3 Cdk4/6 

E2 
cdk2 

D2 

A1  
cdk2 

E2 

cdk2 
A2 A1  

cdk2 

E2 

cdk2 
A2 



G1 S G2 M 

cyc A 

cyc E 

cyc D 



E-CYCLINS 
 

cyclin E1 and E2 

 

associate with CDK2 (CDK3 or CDK1) 

 

rapidly induced prior to the S phase entry 

 

overexpression shortens G1 phase 

 

antibodies block S phase entry 

 

cyclin E gene on 19q12 amplified in several cancers 

 

cyclin E overexpressed in ~25% of breast cancers 



Functions for E-CYCLINS 
 

Retinoblastoma protein (pRB) inactivation 

 

Cell cycle progression (p27Kip1, CDC25) 

 

DNA replication initiation (CDC45 loading) 

 

Centrosome duplication (nucleophosmin) 

 

Histone biosynthesis (p220 NPAT)  

 

 

E-cyclins are absolutely essential for cell cycle 

progresssion 
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Cyclin E1-/-E2-/- mice 
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Normal embryo development 

 

Abnormal placental development 

Paucity of trophoblast giant cells 

 

Endoreplication problem 
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“Rescued” cyclin E-null neonates 
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Cyclin E is largely dispensable  

for development 
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Role of cyclin A in the cell cycle 

•Regulate DNA synthesis 

induce the initiation of DNA replication 

prevent re-replication 

 

•Plays a role in centrosome duplication 

 

•Entry into mitosis 
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Expression pattern of cyclins A1 and A2 
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C. Sweeney et al., 1996 
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“cyclin A2 is an essential component of all embryonic 

and somatic cell cycles in mammals”   

“there are essentially two types of cyclins: those that 

are essential components of the cell cycle engine 

[cyclins A and B], and those involved in cell type 

specific regulation of the cycle [G1 cyclins]” 



Consequence of cyclin A2 deletion in  mice 

 

 

 

 

 

Ccna2 -/- mouse fail to develop past 5.5 days pc 

(Murphy at al., 1997) 



Conditional knockout of cyclin A2 
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Re-entry of cell cycle by cyclin A deficient 
fibroblasts  
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Cell cycle profile of MEFs lacking cyclin A2 

G1: 48.2% 
S: 19.4 % 

G2/M: 25 % 

G1: 32.2 % 
S: 25.9 % 

G2/M: 29.4 % 

A2F/F  A2∆/∆ 
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Cyclin A2 expression level after Cre mediated 
recombination 
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Re-entry of cell cycle by cyclin A deficient 
fibroblasts  
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Cell cycle profile of MEF lacking cyclins A1 & A2 

G1: 55.23 % 
S: 18.2 % 

G2/M: 21.6 % 

G1: 39 % 
S: 22.6 % 

G2/M: 30 % 

A1-/- A2F/F A1-/- A2 
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day E 10.75 

Cyclin E1-/-E2-/- 

Yan Geng 
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Consequence of cyclin A deletion in vivo 

Bone marrow specific deletion 

in Mx A1-/-A2F/F mice 



Cyclin A2 expression level in A2 F/F Mx1 mice 
Before and after poly(I) poly (C) treatment 
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Peripheral blood analysis 
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Analysis of bone marrow cells 
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Analysis of BM subpopulations 
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At which stage of hematopoiesis cyclin A is rate-limiting? 
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Analysis of progenitors 
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Embryonic stem cells  
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Proliferation of MEFs does NOT depend on cyclin 
A 

but 
 

 

Proliferation (survival)  of HSC and ES cells 
critically depends on cyclin A 

 

What is the molecular basis of this difference? 
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 Mammalian cell cycle in stem cells  
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