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Insulin growth factor (IGF-1) is on the World Anti-Doping Agency list of banned substances. In children, IGF-1
is important for growth, and in adults, it continues to have anabolic effects. Although data are lacking for
humans, animal studies have shown that IGF-1 can increase muscle mass and speed up healing of injured
tendons (1, 2).

IGF-1 also appears to play a part in the aging process. It has long been known that one of the causes of short
stature, or dwarfism, is a lack of the IGF-1 hormone in childhood. And now it appears that IGF-1 deficiency also
influences longevity.

The C. elegans worm can live for twice as long if it is genetically engineered to have a mutation in daf-2
(equivalent to IGF-1 receptor in humans) (3). And Yoda, a dwarf mouse, lived twice as long as normal laboratory
mouse. With Princess Leia (his cage mate) for company, Yoda lived long enough to celebrate his 4th birthday (1).

|

Yoda, a Snell dwarf mouse (left), sniffing his cage-mate, Princess Leia (right). Dwarf mice are usually caged with normal-sized mice to
help them to keep warm.
Photo credit: Richard Miller, University of Michigan Medical School

Dwarf mice, like the long-living worms, lack IGF-1. These mice are commonly used to study the effects of aging
and there are three main types. The Snell and Ames dwarf mice have been bred to inherit mutations in Pit-1 and
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Prop1 genes, respectively, which disrupt the embryonic development of the pituitary gland. As a result, both
types of mice lack multiple hormones, including growth hormone, prolactin, and thyroid stimulating hormone.

The third type of dwarf mouse, the Laron dwarf, is a knock-out mouse model. This mouse has a targeted gene
deletion of either the growth hormone receptor (GHR-KO) or the growth hormone binding protein (GHBP-
KO). So even though this mouse produces growth hormone, it is still growth-restricted because it is unable to
respond to it (4).

Dwarf mice all share non-detectable levels of IGF-1 because one of the main actions of growth hormone is to
stimulate the production of IGF-1. Interestingly, in addition to their small size, these mice also have reduced

glucose and insulin levels, a lower incidence of tumors, and a longer average and maximum lifespan. In fact,

their lifespan is increased by about 40% (4, 5).
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Such mouse models are useful, but is there a similar link between IGF-1 deficiency and long-life seen in
humans? Individuals with Laron syndrome have been helping to provide this answer. Laron syndrome, also
known as primary growth hormone insufficiency, is caused by a mutation in the growth hormone receptor gene.
A variety of different mutations have been identified, and most affect the extracellular region of the receptor that
contains the growth hormone binding site. Affected individuals are typically less than 4 feet tall, but if they are
given IGF-1 before puberty, they may grow taller (6, 7).

In southern Ecuador, there is a village where more than 250 individuals are thought to have Laron syndrome,
and this community has been well-studied. The results have been surprising. For example, Laron patients appear
to be protected against developing cancer, a disease that is associated with aging (8). Unfortunately, this apparent
protection by IGF-1 deficiency does not translate to a longer life span compared to the general population (9).
One factor may be a higher death rate from causes of death that are not related to age, such as trauma and
alcoholism (10).

So, could targeting IGF-1 be a pathway to the elixir of youth? We know that a certain level of GH and IGF-1 is
required for the functioning of the heart and other organs, and the level of these hormones declines with age.
However, GH and IGF-1 are oncogenes, and using IGF-1 as a treatment for individuals who do not have a
genetic deficiency might lead to unexpected and harmful outcomes (11).

What is clear is that extending the life of any organism, from worm to human, is an incredibly complex process,
involving many pathways, and potentially many drug targets. And although IGF-1 may be one of these targets,
knowing how to use this treatment safely and effectively remains a long way away.
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