Cells I

Cell Cycle and Proliferation



Overview

* Importance of cell cycle o IMCB
+ Biology of cell cycle

* Molecular Pathways of cell cycle
* Modeling of the cell cycle

* Manipulating proliferation with growth
factors

» Relationship of proliferation vs. apoptosis



Cell cycle

» Controls proliferation of cells in mitosis

+ We like to augment proliferation in

- Stem cell expansion

- Wound healing

- Seeding of regenerative scaffolds (e.g., bone)

*+ We like to halt proliferation in

= cancer



Phases of cell cycle

* Gapl (61): commitment to DNA

replication, synthesis of replicative

enzymes

Synthesis (S): replication of genome

+ Gap2 (62): preparations for mitosis -
chromosomal condensation, synthesis

of mitotic factors

M

* Mitosis (M): chromosomes segregated (mitosis)

into daughter cells
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Chromosomal replication and segregation
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Length of Cell Cycle

Organism
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Human (h) 1 |8 |10 5 ~24

Plant (h) 1 |8 |12 8 ~29

Yeast (min) 20 |25 |40 |35 |~120




Gene Expression in Cell Cycle

+ Coordinated expression of
distinct sets of genes at each
phase of cell cycle

* Implies control elements
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Cyclins and cyclin-dependent kinases
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Restriction Point

* A key element: activation of the transcription
factor E2F.

- Promotes synthesis of dNTP and DNA

- Inhibited by Rb protein

- E2F is autoregulatory (positive)
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Modeling the 61-S transition
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Yes, It Can
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Cycling only for Select Parameter Values
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Implication: overexpression of E2F or cyclin E could lead to arrest, not growth



Effect of Inhibitor
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Implication: cells arrested due to inhibitor cannot be overcome with cyck or E2F



Cell Cycle Control by p53
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p53 and Apoptosis
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A Possible Connection between Tumor
Proliferation and Invasiveness
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Implication: p27 inhibits both cell proliferation and migration

Collard, Nature, 428:705 (2004)




Cell Cycle Analysis of Chemotherapy

Cell cycle modeling

Mercaptopurine incorporation into
nucleotides

Viable cells with TGN-incorporated DMNA
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Growth factors: Wound Healing

Factor | Cell or Selected Target | Selected Stimulatory (5) or Clinical
Tizzue Cells or Tizzue | Inhihitory (I} Achons Trials
of Origin

EGF mactophazes, | epithelnam, 3: proliferation of venos uloers
monoeytes endathelial cells keratinocytes, fibroblasts, and

endothelial cells,
3: keratinocyte migration.

FGF monoeytes, endothelnm, I: proliferation of endothelial dizbetic ulcers,
marctophazes, | fibroblasts, cells, keratinocytes, and wenos uloers,
endathelial keratinocytes fibroblasts. presaure ulcers
cells &: chemotaxis, ECM

GBMCSF | macrophages, | hematopodetic, 3: chemotaxis of endothelial venous and
fibroblasts, mflamunatory cells, inflanmmatory cells arterial ulcers
endothelial cells, nentrophils, | 5: keratinocyte proliferation,
cells fibrablasts artivation of neutrophils

HGH pihutary hepatocytes, &: IGF-1 production venous ulcers
gland bone, fibroblasts

II-1 Iymphocytes, | monocytes, 3 monocytes, nentrophils pressure ulcers
macrophazes, | nentrophils, 2 macrophage chemotanis
keratinocytes | fibroblasts,

keratinocytes

PDGF platelets, fibroblasts, &: prolhferation of smooth diabetic uleers,
macrophages, | smooth noscle nmscle cells and fibroblasts pressure ulcers
neutrophils, cells 2: chemotanis
smooth 5: ECM, contraction
noisele cells

TGEF-b platelets, fibroblasts, & ECM, fibroblast activity venous ulcers,
bone, most endothelial cells, | 5: chemotaxis pressure ulcers
cell types keratinocytes, I: pralifaration of

Iymphocytes, keratinocytes, endothelial cells
monoeytes

www.bu.edu/.../gfpicts/ GFtable2placebo.gif




LIF Promotes ES Cell Proliferation
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Further Reading

» Biology of cell cycle

- Molecular Biology of the Cell

- Introduction to Genetic Analysis (Griffiths et al.)
» Growth factors and wound healing

- Harding et al., BMJ, 324:160.

» Cell cycle genes as oncogenic targets

- Senderowicz, Curr. Opin. Cell. Biol., 16:670 (2004)
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