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Outlines:

-Cell cycle clock
-External signals influence a cell’s decision to enter into the active   
cell cycle 
-R point: Cells make decisions about growth and quiescence during 
a specific period in the G1 phase 
-Cyclin-Cdk complexes
-CDK inhibitors
-Control of cell cycle advance by extracellular signals

-pRb: molecular governor of R-point transition
-pocket protein family
-interaction of pRb and E2Fs

-Extracellular signals that control pRb phosphorylation state
-Control of cyclin D1 level
-Myc deregulates control of cell cycle
-Inhibitory effect of TGF-β

-Inactivation of Rb pathways in human cancer
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Figure 8.1 The Biology of Cancer (© Garland Science 2007)

Cell cycle clock: 
the central governor of growth and proliferation

-External signals influence a cell’s decision to enter the active cell cycle.
-Cells withdraw to G0: in the absence of mitogenic growth factors or the presence of anti-mitogenic
factors

mitogenic
signal

Anti-mitogenic
signal



4
Figure 8.2 The Biology of Cancer (© Garland Science 2007)

Growth versus proliferation:
The processes of cell growth and division can be dissected.

The ommatidial cells in the upper portion of the 
eye have been deprived of the fly TSC1. These 
cells are larger than the WT cells at the bottom.

The giant cells (brown) in the brain of patients suffering 
from tuberous sclerosis, in which TSC1 function has been 
lost. These cells are labeled using anti-S6 antibody. S6, a 
ribosomal protein important in regulating protein synthesis 
is deregulated in cells lacking TSC1. 
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Figure 8.3b The Biology of Cancer (© Garland Science 2007)

The mammalian cell cycle

(6-8 h)

(3-5 h)

(1 h)

(12-15 h)
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Cell Cycle Events under A Microscope

(nuclear division) (cytoplasmic

division)

(G2)                                                            (S)                                                    (G1)
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Figure 8.4 The Biology of Cancer (© Garland Science 2007)

Cell cycle checkpoints

Checkpoints impose quality control to ensure 
that a cell has properly completed all the 
requisite steps of one phase of the cell cycle 
before advancing into the next phase. 
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Figure 8.5a The Biology of Cancer (© Garland Science 2007)

Loss of checkpoint controls

Normal human karyotype

Cell deprived of Rad17 
checkpoint protein

Cell deprived of Bud1 
checkpoint protein

Cell deprived of ATR 
checkpoint protein

Increased genomic instability

Lost one 
copy of ch. 6 Lost one 

copy of ch. 1

Fragile sites on ch. 3 and 16 are apparent.
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Figure 8.6 The Biology of Cancer (© Garland Science 2007)

Restriction point (R point)

At the point the cell must make the commitment
-to advance through the remainder of the cell cycle through M phase 
-to remain in G1
-or to retreat from the active cell cycle into G0

How is the decision made?
How does the cell cycle clock implement these decisions?
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Figure 8.7-8 The Biology of Cancer (© Garland Science 2007)

Cyclin-CDK (cyclin-dependent kinases) complexes

-cyclin-dependent kinases (CDKs) are 
serine/threonine kinases. 
-They share 40% amino acid identity to one another. 
-CDKs work as catalytic subunit, and depend on the 
association with the regulatory subunit cyclin for 
activity.
-Upon association, the CDK enzymatic activity is 
increased. In addition, cyclins serve as guide dog for 
CDK to recognize appropriate substrate.(D1, D2, and D3)

(E1 and E2)

(B1 and B2)

(essential for cyclin binding) 

(T loop) 

CDK-cyclin
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Figure 8.10 and 12 The Biology of Cancer (© Garland Science 2007)

Cyclic fluctuation in the level of cyclins
during cell cycle

-The cyclic fluctuations in the levels of cyclin B in early frog and sea urchin embryos gave cyclins
their name. The fluctuations were noticeable because the cell cycles in these early embryos are 
synchronous, i.e., all cells enter into M phase simultaneously.
-The collapse of various cyclin species as cells advance from one cell cycle phase to the next is due 
to their rapid degradation, being triggered by the action of highly coordinated ubiquitin ligases.
-The sole exception to the well-programmed fluctuation in the levels of cyclins is presented by D-type 
cyclins, which are strongly affected by extracellular growth factor signals.
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Figure 8.11 The Biology of Cancer (© Garland Science 2007)

Control of cyclin D levels by extracellular signals

The level of cyclin D1 in macrophage
after CSF-1 treatment

-mitogenic signal
-other signals converged on the D1 promoter
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Table 8.1 The Biology of Cancer (© Garland Science 2007)

Why do mammalian cells express 3 apparently redundant D-type cyclins?

-The three D-type cyclins are expressed in tissue-specific patterns.
-They are under the control of different sets of transcription factors to provide fine 
tuning of the regulation. It also enables a diverse set of extracellular signals to 
influence the activities of CDK4/6.
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Figure 8.13a The Biology of Cancer (© Garland Science 2007)

Regulation of cyclin-CDK by CDK inhibitors

-2 classes of CDKIs: 
INK4 (active in early and mid-G1)              Cip/Kip (active throughout cell cycle)

-Cyclin binding site on CDK6 is distorted 
and the affinity for D-cyclin is reduced.

-The ATP-binding site in the catalytic 
cleft of CDK2 is obstructed.
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Figure 8.15 The Biology of Cancer (© Garland Science 2007)

Growth inhibitory action of TGF-β

-TGF-β controls cell cycle machinery in part through its 
ability to modulate the levels of CDK inhibitors.

(Northern blot)

(inhibits cells that have 
passed R-point)

TGF-β treatment of 
human keratinocytes

p15INK4B mRNA

(Inhibits cells that have 
not passed R point)
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Control of cell cycle advance by extracellular signal

-Mitogens control cell cycle machinery through activation of Akt/PKB, causing 
the phosphorylation and cytoplasmic localization of p21Cip1 and p27Kip1. 

Figure 8.15 The Biology of Cancer (© Garland Science 2007)

T157: Akt/PKB phosphorylation site

Sequestration of p21/p27 in cytoplasm
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Figure 8.16 The Biology of Cancer (© Garland Science 2007)

Clinical implication of 
intracellular localization of p27Kip1

In some breast cancer, p27Kip1 expression 
inversely correlates to phosphorylation of 
Akt/PKB.

Poorer survival was observed in 
breast cancer patients with higher 
percentage of cytoplasmic p27Kip1.
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Figure 8.17a The Biology of Cancer (© Garland Science 2007)

Actions of p21Cip1 and  p27Kip1

(on D-CDK4/6) (on other cyclin-CDK complexes)
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Figure 8.17b The Biology of Cancer (© Garland Science 2007)

Actions of p21Cip1 and  p27Kip1: R point transition

High levels of 
p21 and p27

Induction of D-CDK4/6 by mitogens.
D-CDK4/6 binds and sequesters p21 and p27 
from E-CDK2. In the meantime, the binding of 
p21 and p27 does not inhibit D-CDK activity.

E-CDK2 is liberated and allowed to trigger 
the R-point transition and phosphorylation
events driving G1-S transition.
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Figure 8.19-20 The Biology of Cancer (© Garland Science 2007)

Cell cycle-dependent phosphorylation of pRb

pRb: the molecular governor of R-point transition

-pRB partners: Ad5 E1A, HPV E7, and SV40 LT-Ag. 
-These viral oncoproteins binds most tightly to 
hypophosphorylated forms of pRb.

Interaction of pRb with viral oncoproteins

IP by:

293T     HeLa

Are hypophosphorylated
pRb growth inhibitory?
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Figure 8.21 The Biology of Cancer (© Garland Science 2007)

Pocket proteins

-bound by several viral oncoproteins, and 
the binding by oncoproteins perturbs the 
“pocket” formed by the B- and A-boxes
-phosphorylated by D-CDK4/6
-bind different subsets of E2f
-expressed at different times
-mutations of pRb are frequently found in 
human tumors, but rare in p107 and p130.
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Figure 8.22-23 The Biology of Cancer (© Garland Science 2007)

pRb: guardian of the restriction-point gate

-In the early and middle G1, the unphosphorylated or 
hypophosphorylated pRb bind to E2Fs, which are 
associated with the promoters of a number of genes. 
The pocket protein association prevents E2Fs from 
acting as stimulators of transcription.

-Upon hyperphosphorylation of the pocket protein, 
they release the grip on E2Fs, permitting the E2F-
mediated transcription. Transcription of a series of 
critical late G1 genes ushers the cells into S phase.

-The presence of oncoproteins mimics pRb
hyperphosphorylation by preventing pRb from 
binding to E2Fs.

, inactivation of pRb by E-CDK2Phosphorylation of pRb by D-CDK4/6 at
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Figure 8.23 The Biology of Cancer (© Garland Science 2007)

Interaction of pRb and E2F family

E2Fs bind DNA as heterodimeric complexes with DP partners

7 members in the E2Fs family

-bind to TTTCCCGC consensus site
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Figure 8.24 The Biology of Cancer (© Garland Science 2007)

The binding of hypophosphorylated pRb to E2Fs:
-blocks the transactivation domain of E2Fs
-recruits HDAC by pRb to actively repress transcription
-E2Fs 4 and 5 seem to be involved primarily in the repression of genes 
through association with p107 and p130 to attract HDAC to promoters.

Effect of pRb binding on E2F-mediated transcription

When E2Fs 1, 2, and 3 are not 
in complexes with pRB, they 
attract HAC to facilitate 
transcription.
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Figure 8.25 The Biology of Cancer (© Garland Science 2007)

A Feed Forward loop: 
to ensure the irreversibility of cell cycle advance

Transcription of cyclin E
Phosphorylation of p27Kip1 leads to its 
degradation: to liberate more cyclin E
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Figure 8.26 The Biology of Cancer (© Garland Science 2007)

Countervailing controls of phosphorylation of pRb

(1)

(2)

(3) (4)

Effects on cyclin D1
Red: stimulating
Green: inhibitory

Growth factors

Growth factor receptors

Ras

Cyclin D1 and E

Inactivation of pRb

Activation of E2Fs

S-phase entrance

In general, Ras signal favors cyclin D1 accumulation than its 
effects causing D1 degradation.
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Figure 8.28 The Biology of Cancer (© Garland Science 2007)

-Myc is overexpressed in 15-30% of human cancers.
-Myc interacts closely with cell cycle machinery. Cells overexpressing
Myc are in a physiological state similar to that seen in cells lacking pRb
function, indicating the deregulation of passage through R-point by Myc.

Myc: bHLH transcription factor

-Myc belongs to the bHLH
transcription factor, forming homo-
or heterodimers binding onto E-
box-containing promoters
-Myc level is strongly influenced by 
mitogenic signals.



28
Figure 8.29 The Biology of Cancer (© Garland Science 2007)

Potent mitogenic power of Myc

In an experimental setting:
-Myc is expressed as a fusion protein with ER.
(In the absence of ligands, such as estrogen 
or tamoxifen, Myc-ER is localized in 
cytoplasm. Upon ligand binding, Myc-ER 
migrates to nucleus and associates with Max, 
and activates Myc target genes.)
-In serum-starved cells in the G0 phase, 
activation of Myc-ER enables cells to enter 
active cell cycle and advance all the way 
through G1 to S.
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Figure 8.30 The Biology of Cancer (© Garland Science 2007)

Wide-ranging actions of Myc

Myc target genes on Ch. 3L of D. melanogaster

Myc/Mnt/Max

Myc promotes tumorigenicity of mouse ES cells
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Deregulation of 
cell proliferation by Myc

The actions of Myc to reset the regulatory dials:
-Myc functions as a transcription activator when complexed with Max:

-Transactivation of D2 and CDK4, leading to hypophosphorylation of pRb,       
also sequesters p27Kip1 to liberating E-CDK2

-Transactivation of Cul1, promoting ubiquitination and degradation of p27Kip1

-Transactivation of E2F1, E2F2, and E2F3 
-Myc functions as a transcription repressor when complexed with Miz-1

-repress the expression of p15INK4b and p21Cip1, to confer resistance to the 
growth  inhibitory action of TGF-β



31
Table 8.2 The Biology of Cancer (© Garland Science 2007)

Oncoproteins function as transcription factors

Others: Stat, NF-κB, Notch, and Gli

CHIP assay
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Figure 8.31 The Biology of Cancer (© Garland Science 2007)

Growth inhibitory action of TGF-β

How does TGF-β ensure its growth inhibitory action in normal cells? 
-transactivation of p15INK4B and p21Cip1 through Smad3/smad4/Miz
-prevent myc from repressing the expression of these two CDK inhibitors by 
promoting the formation of the tripartite complex of Smad 3, E2F4/5, and p107, 
which repress myc transcription.

How do cancer cells evade TGF-β-imposed 
growth ihibition?
-Overexpression of Myc: De-regulation of Myc gene
-mutations in myc promoter: Myc is constitutively 
expressed, and no longer responsive to TGF-β-
induced repression
-others: smad2 mutation, mutation in TGFβ-RII (due 
to the loss of mismatch repair function)
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Table 8.3 The Biology of Cancer (© Garland Science 2007)
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Table 8.4 The Biology of Cancer (© Garland Science 2007)
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Figure 8.35 The Biology of Cancer (© Garland Science 2007)

Perturbation of the R point transition in human tumors
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Figure 8.37 The Biology of Cancer (© Garland Science 2007)

Control of p27Kip1 degradation by Skp2

Inverse relationship of Skp2 and p27Kip1FCS-E3 ligase




