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An increase in the number of cells growing in cell culture is the result of two opposing 

effects: an increase in the number of cells that traverse the cell cycle and divide into two 

daughter cells (mitosis), or a decrease in the number of cells that die according to different 

modalities, the most prominent one being apoptosis (1), or both. 

Insulin and IGF-I are both capable of facilitating cell progression through the cell cycle, 

and of inhibiting apoptotic mechanisms. 

In this section we will review the mechanisms that control apoptosis, while regulation of 

the cell cycle is discussed in another section. 

Although there were earlier descriptions of some of the cell morphological changes 

associated with programmed cell death, the term apoptosis was first used in the seminal 

paper published in the British Journal of Cancer in 1972 (2), by John Foxton Ross Kerr 

(born 1934), Professor of Pathology at the University of Queensland (Australia), Alastair A. 

Currie (1921-1994), Professor of Pathology at the University of Aberdeen (Scotland), where 

Kerr was on sabbatical, and his graduate student Andrew H. Wyllie (later Professor of 

Pathology at the University of Cambridge). In 2002, the Nobel Prize in Physiology and 

Medicine was given to Sydney Brenner (born 1927), a South African biologist at the 

Laboratory of Molecular Biology in Cambridge (UK), John E. Sulston (born 1942), a British 

biologist at University of Cambridge (UK), and to H. Robert Horwitz (born 1947), biologist 

at MIT in Boston (USA), for their work on the genetic regulation of organ development and 

programmed cell death in the worm Caenorhabditis Elegans. 

This mechanism of controlled cell deletion is common to all multicellular organisms. Cells 

undergo marked morphological changes: blebbing, cell shrinkage, nuclear fragmentation, 

chromatin condensation and chromosomal DNA fragmentation. Cells eventually split into 

small closed entities (apoptotic bodies) that can be phagocytosed by other cells, preventing 

the release of toxic cellular substances that may cause necrosis. Apoptosis is triggered by a 

variety of environmental stimuli, both physiological and pathological including stress. The 

intracellular mechanisms involved in apoptosis are very complex (Fig. 1); while most 

proteins involved in the apoptotic network are known, much work remains to be done to 

unravel their interactions. 



 

Figure 1: Mechanisms of apoptosis. Below you can see a schematic view of the three 

main apoptotic pathways: the intrinsic pathway, the extrinsic pathway and the granzyme 

pathway. See text for explanation. Adapted from ref. 2. 

 

We will here only briefly summarize the salient features of the apoptotic process, see ref. 3 

for more detailed review. Some cells apoptose through extrinsic pathways that involve 

death receptors such as Fas (fatty acid synthetase) or TNF (tumour necrosis factor) 

receptors; others have a default death pathway that must be blocked by a survival factor 

such as a hormone or a growth factor (3). Serum withdrawal is a classic way to initiate this 

pathway. In the end, apoptosis is an energy-dependent process that involves the activation 

of a group of cystine proteases called "caspases" and involves a complex cascade of events 

that link the initiating stimuli to the death of the cell (3). The two main regulatory 
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mechanisms used by extracellular signals are either by targeting mitochondrial 

functionality (intrinsic pathway) or by directly transducing the signal via adaptor proteins 

to the apoptotic mechanisms (extrinsic pathway). There is an additional pathway 

mediating T-cell-induced cytotoxixity and perforin-granzyme (a serine protease) A or B-

dependent killing of the cell (Fig. 1). 

The mitochondrial pathway involves an increased mitochondrial permeability resulting in 

release in the cytosol of cytochrome c and SMACS (small mitochondria-derived activators 

of caspases) that bind to and desactivate IAPs (inhibitors of apoptosis proteins). IAPs 

repress the caspases. Mitochondrial permeability is regulated positively or negatively by 25 

members of the Bcl-2 family of proteins (4), under the control of the tumor suppressor 

proteinp53. 

Cytochrome c and ATP released from the mitochondrial intermembrane space form the 

apoptosome consisting of ATP, apoptosis protease-activating factor (APAF)-1, cytochrome 

c and caspase-9, which becomes activated by autoproteolytic cleavage and activates the 

execution caspase-3.-6 and -7, which leads to th collapse of cellular infrastructure (7). 

The extrinsic pathway involves binding of trimeric ligands to their receptors which cluster 

(FasL to the FasR or TNFa to the TNR1). Binding of FasL to FasR recruits the adapter 

protein FADD (Fas-associated death domain), while binding of TNFa to the TNR1 recruits 

the adapter protein TRADD (TNF receptor-associated death domain).  TRADD then 

recruits FADD and RIP (receptor-interacting protein). FADD forms a death-inducing 

signalling complex (DISC) with procaspase-8 resulting in its autocatalytic activation (3) 

and triggering of the "execution phase". 

The extrinsic, intrinsic and granzyme B pathways converge on the same terminal 

"execution" pathway, that is initiated by the cleavage of caspase-3 by caspases 8, 9 or 10. 

The granzyme A pathway activates a parallel, caspase-independent pathway via single 

stranded DNA damage (5). 

There are many more players in the apoptosis cascades, see tables 1-4 in ref. 3. 



 

IGF-I is a potent anti-apoptotic growth factor at low concentrations in multiple cell types 

(6,7). This anti-apoptotic effect involves both the PI-3K and MAPK/ERK1/2 pathways (Fig. 

2) as shown by the use of specific inhibitors in serum-deprived PC12 cells (6), but other 

pathways also appear to be involved (for review, see ref. 7). 

IGF-I anti-apoptotic signalling. Below you can see schematic views of the pathways 

whereby IGF-I inhibits apoptosis. See text and refs. 5 and 6 for explanation. 

Abbreviations: 

BAD: Bcl-2-associated death promoter. 

CREB: cAMP response element-binding protein. 

Bcl: B cell leukemia protein- 

Mcl: Myeloid cell leukemia protein. 

 

Many of the antiapoptotic actions of IGF-I appear to be through the regulation of 

mitochondrial membrane permeability via Bcl-2 proteins like Bad (7) via Akt. It also 
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appears capable of inhibiting the extrinsic apoptotic pathway via regulation of death-

inducing receptors (7). These properties may hold therapeutic potential for 

hypoxic/ischemic brain injury, amyotrophic lateral sclerosis, Huntington disease, 

Alzheimer disease and cancer (7). 

Numerous papers indicate that insulin exerts also a potent anti-apoptotic role in a variety 

of cell types (8-17). The experimental conditions (e.g. using high concentrations of insulin 

and IGF-I, and no dose-response curve) do not always allow to conclude whether the 

insulin effect is through the insulin receptor or the IGF-I receptor. In a few carefully 

controlled studies using native cells or insulin receptor-transfected cells (e.g. 11,12,16), the 

authors established unequivocally that insulin at physiological concentrations has anti-

apoptotic effects through the insulin receptor. 

The PI3K pathway appears to play a prominent role in this effect. 

In a recent intriguing paper (8), the group of C. Ronald Kahn at the Joslin Diabetes Center 

in Boston showed that brown adipocytes from mice with both the insulin receptor and 

IGF-I receptor knocked out were resistant to apoptosis induced by serum deprivation. 

Sensitivity to apoptosis was restored by knocking in either receptor, which was then 

prevented by the appropriate ligand. These data suggested that the unoccupied insulin and 

IGF-I receptors are proapoptotic (in a kinase independent fashion) while the ligand-

occupied receptors are antiapoptotic. 

Finally we should mention that autophagy or autophagocytosis (a process involving the 

lysosomal degradation of a cell's own components), if dysregulated, can also lead to cell 

death (18). A recent study suggests that this process is also inhibited by IGF-I (19). 

In summary, both IGF-I and insulin have antiapoptotic effects on multiple cell lines. Both 

the IGF-I and insulin receptors are capable of mediating this effect. Insulin at high 

concentrations in cell culture will thus protect cells against apoptosis through both the 

IGF-I receptor and the insulin receptor. Multiple signalling pathways are implicated but 

the PI3K pathway appears to play a prominent role. 
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