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acterized by increased levels of IGF1 and enhanced 
mortality via cardiovascular disease, diabetes and 
malignancy.7 The animal counterparts are GH-trans-
genic mice who have chronically elevated levels of 
GH in the peripheral circulation and consequently 
an increase in the production of IGF1.8 These mice 
have an increased incidence of mammary tumors9 
and hepatomas10 which contribute to the shortened 
lifespan of the animals.10

IGF1 deficiency

Animal models have established the IGF1 signaling 
pathway as a key modulator of aging and longevity 
in invertebrates and rodents.

Invertebrates

In the nematode “Caenorhabditis elegans”, mutants 
of daf-2, a homolog of the insulin/IGF1 tyrosine 
kinase receptor, live three times longer than the 
wild-type animals.11,12 Binding of the insulin/IGF1 
ligand to daf-2 initiates a cascade leading to daf-16, 
a regulatory transcription factor. During starvation, 
deactivation of daf-2 and reduced daf-16 activity, a 
state of arrested development (dauer formation), 
fat accumulation and delayed reproduction result in 
increased lifespan. A similar process was shown in 
the fly “Drosophila melanogaster”.13

Rodents

Inactivation of the Igf1r gene in mice14 revealed 
that null mutants are not viable, while heterozygous 
KO mice (Igf1r +/-) lived on average 26% longer 
than their wild-type litter mates, with female Igf1r 
+/- mice living longer than the male.14

Inactivation of the GHRH receptor gene

Missense mutations of the GHRH receptor gene 
in the lit/lit mice, which cause very low IGF1 levels, 
result in a prolongation of lifespan by 20-25%.15

Inactivation of the GH reseptor gene

Targeted disruption of the mouse growth hormone 
receptor/binding protein gene (GHR/BP KO-/-, the 
Laron mouse)16 resulted in dwarfism and an increased 
lifespan, most markedly in the female mice17 (Table 
1). These mice that are similar to the human model18 
have low IGF1 and high GH levels.

Humans

At present, there is only one model with sufficient 
adult patients to review this issue, namely Laron syn-
drome (LS, primary GH insensitivity or resistance), 
a recessively inherited syndrome caused by deletions 
or mutations in the GH receptor or post-receptor 
pathways.18 Due to the clinical unavailability of IGF1, 
which constitutes their only treatment, it has been 
possible to evaluate the lifespan and morbidity in a 
sizeable number of untreated patients. The conse-
quences of long-term IGF1 deficiency are: dwarfism, 
progressive and marked obesity,19 hyperlipidemia,20 
relative insulin resistance21 and even Type 2 diabetes 
with its vascular complications in some patients after 
age 40.18,22

Figure 1. Decrease of serum IGF1 levels with age. Dots repre-
sent levels in patients with childhood onset GH deficiency (with 
permission from Blum W4).

Table 1. Lifespan of GHR/BP gene-disrupted (Laron) mice

Gender Genotype N Life span (days)*

Males +/+ 7 629 ± 72
+/- 8 668 ± 51
-/- 7 975 ± 106a

Females +/+ 13 749 ± 41
+/- 19 701 ± 36
-/- 11 1031 ± 41b

* Mean ± SE
a p < 0.02 compared to +/+
b p < 0.005 compared to +/+
Reproduced with permission from Coschigano, et al.17




