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Interest in adipose tissue research increased markedly after
the discovery, now 15 years old, that adipocytes produce
and release proteins with biological activity, including the
hormones leptin and adiponectin and the cytokines TNF-α
and IL-6. These so-called adipokines are of particular
interest in the field of type 2 diabetes, because theymay link
obesity to impaired glucose metabolism and insulin resis-
tance in muscle and liver, in addition to adipose tissue itself,
through paracrine/autocrine effects [1]. Several adipokines,
such as adiponectin, TNF-α and IL-6, have the potential to
regulate glucose metabolism and insulin action directly in
the target organs upon which insulin acts. Others, such as
leptin, may have indirect effects.Most of our ideas about the
role of adipokines are, however, derived from studies in
mice, and subsequent investigations in man have often
produced markedly different results. The first example of
this is adipsin [2], a protein produced by adipocytes in mice
and released into the circulation. Adipsin production is
decreased in obese mice, and the protein was originally
thought to protect against obesity and its associated complica-
tions of insulin resistance and type 2 diabetes. Subsequent
human investigations failed to confirm this hypothesis [3],
and the observation of slightly increased adipsin levels in
obese individuals pointed, if anything, to the opposite
conclusion. Interest in adipsin in the field of diabetes re-
search promptly dissipated.

The next example is TNF-α, which is produced in large
amounts by fat cells of obese mice [4]. This cytokine is
released into the circulation and, in obese animals, insulin
resistance can be counteracted by neutralising TNF-α with
antibodies. Human studies, in contrast, revealed that TNF-α
is not released into the circulation [5], but is simply a local
factor within our adipose tissue. Furthermore, intravenous
treatment of obese, insulin-resistant humans with a TFN-α

antagonist failed to normalise insulin sensitivity [6]. The
link between TNF-α, obesity and insulin resistance in man
is thus indirect, and can probably be explained by a local
stimulatory effect of TNF-α on adipocyte lipolysis, and
thereby the release of NEFAs into the circulation [1].
TNF-α production by adipose tissue is increased in obese
humans, and may contribute to the elevated circulating
NEFAs seen in obesity, which, in turn, has adverse con-
sequences for diabetes. Adipose tissue contributes to cir-
culating IL-6 in humans [5], and elevated levels of IL-6 are
strongly linked to insulin resistance [1]. In contrast, IL-6
knockout mice develop insulin resistance and impaired
glucose metabolism [7].

Resistin is the most recent example of an adipokine with
contrasting roles in mouse and man. This protein was
initially shown to be released in large amounts from mouse
adipocytes; its release was increased in obese mice and
accompanied by insulin resistance [8]. The adverse effects
of obesity were neutralised by antibodies against resistin,
and rosiglitazone reduced resistin levels. Adipocyte-de-
rived resistin was therefore thought to link obesity to
diabetes [8]. Most subsequent studies of resistin in mouse
models, but not all, support the notion that resistin is an
adipokine regulator of insulin action [9]. Once again,
human studies show an entirely different picture. Human fat
cells, unlike those of mice, do not produce resistin [10],
although segments of human adipose tissue do release it
[11]. Resistin is therefore not a true adipokine in man, but
must be derived from as yet unidentified cells in the stromal
compartment of human adipose tissue. Does resistin in-
fluence insulin sensitivity in man? Probably not, according
to the study by Utzschneider et al. [12] published in this
issue of Diabetologia. These authors measured plasma
resistin in 177 non-diabetic individuals, and found no dif-
ference between those with a high or low body mass index
(BMI), or high or low insulin sensitivity. In contrast, cir-
culating levels of other adipose tissue derived factors such
as adiponectin, plasminogen activator inhibitor-1 and leptin
were markedly influenced by these parameters. Nor did
resistin correlate with visceral fat accumulation, although
visceral fat is a strong determinant of insulin sensitivity.
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These results demonstrate rather convincingly that cir-
culating resistin does not provide a link between adipose
tissue and insulin sensitivity in man but, as the authors point
out, this does not exclude other possible roles for resistin
within human adipose tissue [12].

Do mice and men ever tell the same story about adipo-
kines? In some cases they do. Leptin seems as pivotal in
humans as in mice for regulation of body weight, in that
leptin-deficient humans develop severe childhood-onset
obesity, which can be cured by injections with recombinant
leptin [13]. Many human studies have shown that cir-
culating adiponectin [14] is correlated with insulin sensi-
tivity, and that intravenous administration of adiponectin
has similar effects on glucose metabolism and insulin sen-
sitivity in men as in the mouse.

Links between adipokines, insulin sensitivity and glu-
cose metabolism in man are summarised in Fig. 1. Adipo-
nectin is a true adipokine as it is produced by fat cells,
released into the circulation and directly regulates glucose
metabolism and insulin sensitivity in liver and skeletal mus-
cle. Leptin is another true adipokine, but has indirect ef-
fects on insulin sensitivity via regulation of appetite and
energy expenditure in the brain. TNF-α is a true adipokine
but only acts locally; an important local effect is stimula-
tion of lipolysis and enhanced NEFA release into the cir-
culation. NEFAs influence insulin sensitivity and glucose
metabolism in the liver and skeletal muscle via well-de-
fined mechanisms but, unlike most of the adipokines, they
also influence insulin production by the pancreas. IL-6 is
another true adipokine that influences insulin sensitivity in
other organs, but its clinical role is less well established
than that of adiponectin. Resistin, on the other hand, is not

a true adipokine, and is produced by unidentified cells
within the stroma of adipose tissue. Its function in man is
unknown, yet is unlikely to involve insulin sensitivity. In
fact, it still remains to be established whether circulating re-
sistin is derived from adipose tissue or from another com-
partment in man.

It is therefore time to raise a warning flag when it comes
to extrapolation of data from mouse models to adipokine
action in man. In many instances (adipisin, resistin, IL-6)
the mouse concept has provided a false trail. In one instance
(TNF-α) the mouse adipokine is reduced to a local factor.
Editors of the prestigious journals in which the original
reports on mouse adipokines have often been published
should in future ask for supporting data in humans before
allowing any further conclusions to be drawn.
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