TNF short-circuits the
insulin receptor

y the 1990s, it was well established

that the immune system’s destruc-

tion of pancreatic 3-cells that pro-

duce insulin results in type 1 diabetes

(Milestones 7 and 8). However, the
mechanismsresponsible for the development
of type 2 diabetes, which was linked to insulin
resistance, werestillunclear. Whatwasknownat
thetimewas thatinsulinresistance wasseenin
numerousdisease conditions,includingchronic
infections and cancer, and was ubiquitously
linked with obesity.

A major breakthrough in understanding
the mechanistic basis of insulin resistance
—and why this is observed in such a diverse
range of conditions — came with the publi-
cation of several key studies in the 1990s by
Gokhan Hotamisligil and co-workers in the
laboratory of Bruce Spiegelman. Intwo papers
published in 1993 and 1995, these scientists
found that the pro-inflammatory cytokine
tumour necrosis factor (TNF) is upregulated
in the adipose tissues of obese animals and
humans with obesity and that blocking TNF
improvesinsulin sensitivity inanimalmodels of
obesity. These observations were followed by a
1996 study thatidentified the molecular basis

of TNF-driven insulin resistance. Productive
signalling through theinsulin receptorinvolves
itsautophosphorylationinresponsetoinsulin
bindingand the subsequenttyrosine phospho-
rylation of insulin receptor substrate 1 (IRS1).
Hotamisligil etal. found that TNF disrupts this
processbyinducingserine phosphorylation of
IRS1, which converts IRS1into an inhibitor of
theinsulin receptor and prevents productive
signalling followinginsulinbinding. They fur-
ther showed that this inhibitory form of IRS1
was presentintheadipose tissue and muscle of
obese animalsandwas responsible forinsulin
resistance in these tissues.
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These findings helped to explain why
numerous chronic diseases were associated
with insulin resistance. Moreover, the work
of Hotamisligil, Spiegelman and others con-
tributed to the eventual appreciation that
type2diabetes and obesity itselfare chronic
inflammatory diseases in their ownright, and
notsimply metabolic disorders. Subsequent
research, including two key studies published
in 2003 from the laboratories of Hong Chen
and Anthony Ferrante, showed that obesity
inducesimmune cell changesinadipose tissue
that affect insulin sensitivity. These authors
found that macrophages are increased in
adipose tissue during obesity and produce
TNF and other inflammatory mediators that
promote insulin resistance. Shortly after
this, it was shown that specifically disrupt-
ing NF-kB signalling in myeloid cells could
alleviate obesity-induced insulin resistance.
Many otherimmune cell types have since been
studied in obesity and, in general, obesity is
linked with activation of pro-inflammatory
immune cell responses and the suppression
of anti-inflammatory ones.

A key question that has still not been fully
resolvedis how obesity initiates inflammation
inthefirst place. Current thinkinginthe field
isthatchronic nutrientoverload canresultin
endoplasmicreticulum (ER) stress, which may
fuel tissue inflammation by promoting cell
death orthe production of pro-inflammatory
mediators that are linked with the ER stress
response.
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Please visit the online article for a full list of
further reading.
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