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The health problem

The 21st century started out with an overweight and 
obesity epidemic. The number of people with obesity 
in the world has doubled from 1980 to date. Approxi-
mately 40 % of the world adult population (1900 mil-
lion) has overweight and 13 %, obesity. In Mexico, 
data are not better: according to the 2016 National 
Health and Nutrition Survey, seven out of every10 
adults are overweight or obese. To increase the alarm, 
three out of every 10 school-age children and four out 
of every 10 adolescents are also overweight, with the 
problems this entails. It is necessary to understand 
how the signs of the metabolic syndrome develop and 
progress towards type  2 diabetes mellitus (DM2). 

Even when there are numerous articles on metabolic 
syndrome and DM2 in the literature that focus on clin-
ical manifestations, there are basic concepts of insulin 
physiology that are not understood.

Metabolic syndrome and DM2

Metabolic syndrome is a set of signs that increases 
the likelihood of developing DM2, cardiovascular dis-
eases and some types of cancer. Metabolic syndrome 
is regarded as the manifestation of three of the fol-
lowing signs: central obesity, hypertension, dyslipid-
emia, hyperinsulinemia, impaired fasting glucose and 
insulin resistance. Counteracting them can prevent 
the development of more severe pathologies, such as 
DM2.1,2
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The metabolic syndrome describes a group of signs that increase the likelihood for developing type 2 diabetes mellitus, car-
diovascular diseases and some types of cancer. The action of insulin depends on its binding to membrane receptors on its 
target cells. We wonder if blood insulin could travel bound to proteins and if, in the presence of hyperinsulinemia, a soluble 
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DM2 is a disease that manifests itself with 
hyperglycemia, secondary to a depletion of beta cells, 
the only cells in the body that produce and secrete 
insulin. Beta cells are referred to as being depleted 
when they cannot maintain glucose homeostasis (fast-
ing glucose < 125 mg/dL); it is a multifactorial, poly-
genic disease that depends on internal factors such 
as microbiota and external factors such as diet, expo-
sure to environmental pollutants, etc. In Mexico, the 
genetics of the mestizo population indicates that it is 
more prone to develop DM2.

Often, before hyperglycemia occurs, there is insulin 
resistance (there is insulin production but the body 
does not respond to it), in addition to beta cell exces-
sive stimulation, which drives them to exhaustion. This 
explains that the metabolic syndrome precedes DM2.

During development, puberty and pregnancy there 
are temporary stages of physiological insulin resis-
tance, which are associated with periods of hyperin-
sulinemia and hyperglycemia.

Physiology of insulin and its receptor

Insulin is a peptide hormone, exclusively secreted 
by pancreatic beta cells as a zinc-stabilized hexamer, 
which dissociates and transports the active form of 
insulin, which is formed by subunits A and B, between 
which there are three bridges, two disulfide and one 
intracatenary bridge in subunit A.

The most important stimulus in insulin secretion is 
alpha d-glucose, but some amino acids and fatty acids 
are also involved. When eating, nutrients are absorbed 
and reach the pancreas through the portal system. 
When glucose concentration increases, insulin secretion 
increases. Beta cell converts chemical into electrical sig-
nals, and insulin granules are secreted when calcium 
intracellular concentration is increased.3 It is generally 
accepted that the hormone travels free in the blood.

All body cells have insulin receptors, but they are 
more abundant and their action is clearer in the liver, 
fat and skeletal muscle. Insulin receptors belong to 
the family of receptors with tyrosine kinase activity 
and are heterodimers formed by two subunits, alpha 
and beta. The alpha subunit binds insulin and beta 
has the kinase domain. The alpha and beta subunits 
are connected by a disulfide bridge and the alpha 
subunits have two to four bridges. It has been ob-
served that each subunit can bind one insulin mole-
cule with high affinity and another with low affinity.4

Insulin binding to the receptor initiates the signal and 
continues with a conformational change that produces 

transphosphorylation of the beta subunits, which initi-
ates a protein-to-protein chain of intracellular phosphor-
ylation, which leads to Akt2 promoting the transport of 
Glut4 to the membrane and an increase in glucose 
entry, and glycogen, triglyceride and protein synthesis, 
depending on the tissue involved, and also the activa-
tion of mitogen-activated protein kinase, which medi-
ates gene expression regulation.4

Development of a metabolic syndrome 
animal model

We chose Wistar rats because they have no tenden-
cy towards obesity or to develop diabetes: young adults 
of two and a half months; they were fed with a normal 
diet and water with 20 % of sugar added. We compared 
them with their controls two and six months after treat-
ment was started. Since the comparison at two months, 
the male rats were identified to have developed central 
obesity, moderate hypertension, elevated triglycerides, 
glucose intolerance and insulin resistance; i.e., meta-
bolic syndrome.2,5 We observed that the development 
of metabolic syndrome markedly differed between gen-
ders: at six months, the male rats in the experimental 
group had a more pronounced metabolic syndrome; 
initially, females were more glucose intolerant and it 
took them longer to develop the syndrome.

We have observed that, in metabolic syndrome, the 
liver becomes fatty; fat itself, whose cells grow much, 
secrete many hormones and are invaded by white 
blood cells; the body feels swollen. Beta cells secrete 
a large amount of insulin, leading to hyperinsulinemia, 
a condition that, if prolonged, makes for cells to become 

Figure 1. Representation of soluble insulin receptor release from rat 
adipocytes. Immunoblot for the insulin receptor alpha chain in the cul-
ture medium of isolated adipocytes. The cells (2 x 106 cells) were trea-
ted with 1 nM insulin for 30 minutes, then the cell culture medium was 
obtained, which was concentrated by filtration for later analysis. The 
control group was stimulated with 0.001 % dimethylsulfoxide and as 
load control, immunoblot for albumin was performed.
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depleted and for type  2 diabetes to develop. At six 
months of having started the experiment, the rats were 
more obese and beta cells began to decay and not 
secrete enough insulin to maintain blood glucose at 
normal levels, especially in males.

The transport of insulin in plasma

Since it is a peptide, insulin is thought to travel free 
in the blood to its target organs. However, it has recently 
been shown that only a small fraction of insulin travels 
free in blood; the rest of the hormone travels bound the 
insulin receptor ectodomain (soluble insulin receptor).

We analyzed, in vitro, the release of the receptor alpha 
subunit in rat hepatocytes, since they are rich in insulin 
receptor. When increasing concentrations of insulin were 
applied, it was clear that the release increases signifi-
cantly when the concentration of insulin in the extracel-
lular medium increases, reaching a maximum of 1 nM 
of insulin. This release is prevented if the hepatocyte 
incubation medium includes a protease inhibitor.3 Insulin 
can bind to albumin but with lower affinity. We do not 
know if protein-to-protein complexes dissociate, allowing 
insulin to interact with membrane insulin receptors.

Mechanisms of resistance to 
hyperinsulinemia

Hyperinsulinemia is incompatible with life, and thus 
mammals developed mechanisms to counteract it. In 
the short term, the soluble insulin receptor can neu-
tralize excess secreted insulin; in the long term, tis-
sues can become resistant to the hormone, in addition 

to continue neutralizing it via the soluble insulin 
receptor.

The amount of receptor was higher in rats with met-
abolic syndrome than in control rats, which is probably 
related to hyperinsulinemia. Incubation of hepatocytes 
with insulin and a protease inhibitor decreases the 
amount of soluble insulin receptor released into the 
medium. Recently, we have verified the presence of 
this same phenomenon in rat adipocytes by incubat-
ing them with insulin at a concentration of 1nM: there 
was an increase in the release of soluble receptor in 
comparison with control rats (Figure 1).

Soluble insulin receptor in diabetes and 
metabolic syndrome

A group of researchers showed that, in patients with 
diabetes, a soluble form of insulin receptor could be 
detected,6 which they identified as a health problem 
in response to hyperglycemia rather than a physiolog-
ical condition. Part of that group continued working on 
the subject and described that this event could be part 
of insulin resistance. They demonstrated a positive 
correlation between soluble insulin receptor and glu-
cose extracellular concentration and glycosylated he-
moglobin (A1c).7

Not only has the insulin receptor ectodomain been 
found in plasma, but also in leptin, tumor necrosis fac-
tor alpha, etc. This phenomenon is known as shedding 
(membrane shedding) and is carried out by proteases. 
In the case of the soluble insulin receptor in Hep2 liver 
tumor cells, the authors suggest that it is not an MMP 
metalloprotease, or an ADAM-type enzyme, because 

Figure 2. Insulin receptor in control hepatocytes and hepatocytes treated with insulin 1 nM. In the control hepatocytes, insulin receptor was iden-
tified in the membrane; when insulin was increased, protease activity was increased, as it occurs with hyperinsulinemia, where there is protease 
activity and more soluble insulin receptor ectodomain is shed.
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they are not detected in their assays. The authors 
propose that the higher the receptor glycosylation, the 
easier it is for it to be attacked by proteases. In addition, 
this model requires modified O- N-acetyl-linked glucos-
amine and a calcium-dependent protease for the shed-
ding of the receptor to occur.7

Our group has found that rats with metabolic syn-
drome have much higher soluble receptor plasma lev-
els, which can be correlated with the increase in insulin. 
Furthermore, we have found that soluble insulin recep-
tor plasma levels are more increased in rats with higher 
degrees of hyperinsulinemia (Fig. 2). In females, insulin 
does not increase so much six months after having 
been ingesting the water with sugar and this is also 
correlated with a lower level of circulating soluble insu-
lin receptor.

Perspectives

The results of circulating insulin binding with the 
soluble insulin receptor are of clinical interest both for 
diagnosis and for blood levels monitoring. On the 

other hand, treatment with a specific enzyme that in-
hibits receptor proteolysis could increase soluble in-
sulin receptor levels and the amount of free insulin in 
plasma, which is the biologically active hormone. The 
study of insulin binding to plasma proteins could lead 
to finding some way to limit insulin resistance.
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