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Diabetes therapy

Conclusions 
 
Insulin and its receptor are lock and key. But having a lock and key in a door only makes sense if sometimes 
we need to close it. Our glucocentric concept of insulin needs rethinking. 
 
We need the insulin signaling system, not to allow glucose uptake in muscle and fat (in the postprandial 
state), but to be able to close it (in the fasting state), presumably in order to save glucose for non-
dependent tissues (since striated muscle and specially fat have a very large capacity for energy storage). 
 
Therefore, the insulin signaling system is the main switch between the anabolic and the catabolic state, 
regulating the allocation of energy resources. This function is present in almost all Metazoa, predates 
allowing glucose uptake in muscle and fat by at least one hundred million years, and is highly preserved 
along the evolutionary tree. 
 
In chordates part of this functionality has been transferred to the IGF signaling system, but insulin keeps a 
regulatory role of the developmental and reproductive functions in the central nervous system. 

Results (I) 
 
In mammals, the binding of insulin to its receptor elicits a cascade of events resulting in translocation of GLUT4 
glucose transporters to the cell membrane, allowing glucose uptake by striated muscle and adipose tissues. 
 
The earliest known Metazoa with differentiated tissues including a nervous system (Cnidaria: jellyfish, etc.) have a 
signaling system with insulin-like peptides (ILP) and receptors. Nucleotide sequences have been highly preserved 
ever since, including the intron-exon sequences, proving a common ancestry about 550-600 million years old. 
 
Among animals, only Porifera (sea sponges, etc.), which have no nervous system and have apparently derived from 
protozoan ancestors independently of the rest of the Metazoa, are devoid of  insulin-like peptides and receptors.    
 
However, of all animals only the Chordata (vertebrates) have insulin-dependent glucose transporters (GLUT4). 
Therefore invertebrates have insulin-like peptides but their functions are not glucose uptake or glycemic control.  
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Results (II) 
 
The fact that glucose uptake is insulin-independent in most of our tissues, except fat and striated muscle (the only 
tissues with GLUT4 insulin-dependent glucose transporters) and that in invertebrates glucose uptake is independent 
of insulin in all tissues raises an interesting series of questions: 
 
Why did striated muscle and adipose tissue in vertebrates need to have GLUT4 and therefore insulin dependency? 
 
What do invertebrates use insulin for, and how did the new insulin functions develop in vertebrates? 
 
In a word, what is the sense of having insulin? 
 
 

Results (III) 
 
The glycocentric roles of insulin appear in Chordata; the GLUT4 transporter is present in the earliest fish but not in 
animals earlier than Agnatha (lampreys) which were developed about 420 million years ago. 
 
However, in all known invertebrates (with the exception of Porifera), insulin-like peptides and their receptors play a 
paramount role activating functions such as growth, development, tissue diferentiation, reproductive maduration and 
fertility, and generally regulating the distribution of energy resources. 
 
A well-studied case is the nematode Caenorhabditis elegans, in which about 60 sensory colinergic neurons detect the 
presence of nutrients. Also, the population density is detected by pheromone concentration. In conditions of 
abundant food and low competition, an ILP is released by an interneuron and binds  an insulin receptor homologue. 
Under low food or high population density, both neurons are inhibited. Insulin-like activity phosphorilates DAF-16 and 
removes it from the nuclei, enabling metabolism, growth and reproduction, and shortening the lifespan. The absence 
of insulin-like activity keeps the unphosphorilated DAF-16 in the nuclei repressing gene transcription for reproductive 
growth and metabolism, and triggering expression of the dauer program (long-lasting dormant state). 
 
In Drosophila melanogaster (fruit fly) nutrient availability triggers the secretion of insulin-like peptides that activate a 
very similar cascade and also result in activation of metabolism, reproductive development and shortened lifespan.  
Blockade of the receptor stunts growth and reproduction but increases lifespan. 

Results (IV) 
In the evolution of Chordates, insulin-like growth factors (IGFs) are developed  from ILPs  (and also their receptors).  
Amphioxus (lancelets) have only one insulin-like-peptide but Myxine (hagfish) already have distinct insulin and IGF 
peptides. Distinct IGF-1 and IGF-2 peptides appear in Agnatha (lampreys) and GLUT4 are present in early fish. 
 
In Chordata, IGFs assume part of the ancestral ILP roles (growth, differentiation...), but insulin is not limited to a 
glucose uptake regulatory role. Although neurons have GLUT 3 transporters and are not insulin-dependent for 
glucose uptake, insulin receptors are highly expressed in the brain. Insulin/IGF signaling is implied in brain growth 
and differentiation, and in building circuitry essential for metabolic adaptation. In the adult brain, insulin, IGF-1 and 
IGF-2  have different roles, but ultimately their actions regulate energy homeostasis. 
 
In invertebrates, neurons produce insulin-like peptides in order to control  energy allocation.  In our brain, insulin 
controls the transition between the anabolic and catabolic energy allocation states. 
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Material & Methods 
 
Review of the scientific literature with emphasis on the insulin phylogeny; personal reflections. 
 

Introduction & Objectives 
 
Physicians routinely prescribe insulin without being aware of its biological role beyond the control of glycemia. 
 
We set out to elucidate the complex role of insulin, from its inception in the earliest pluricelular animals.   


