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Abstract
Anti-diabetic drugs that activate the protein PPARγ had a bright start but soon lost appeal due to
undesirable side effects. Subtle modifications may once again make them suitable for treating
diabetes.

Obesity and its associated disorders (diabetes, cancer and cardiovascular disease among
others) have reached epidemic proportions worldwide. Understanding the mechanisms of
metabolic control to prevent and treat these metabolic disorders is therefore a top research
priority. Spiegelman and colleagues (Choi et al.1) make a significant contribution showing
that phosphorylation of one protein, PPARγ, plays an important role in insulin resistance
and obesity.

The story of PPARγ begins in 1987, when the Spiegelman group2 caught a ‘big fish’ by
identifying PPARγ as a fat cell (adipocyte)-specific regulatory element. This seminal
discovery led to the determination of PPARγ’s key role in adipocyte differentiation, and
fuelled over two decades of intensive research that attributed an ever-expanding list of
functions to PPARγ, ranging from roles in metabolism3, to immune homeostasis4 to
longevity5.

Perhaps the most clinically relevant finding has been the now well-established link between
PPARγ activity and insulin sensitivity6. This association justified a rigorous search for
PPARγ activators, which subsequently found their way into the clinic as potent and effective
insulin sensitizers. The initial clinical success, however, was soon overshadowed by reports
of several insidious side effects that include weight gain, osteoporosis and heart failure7.
What’s more, the negative attitude was sustained by the difficulty to rationally design
PPARγ drugs, mainly as it was not clear how to tease out efficacy from side effects.
Consequently, the initial enthusiasm surrounding PPARγ activators evolved into scepticism.
Choi and co-workers’ data could revert the negative swing of the PPARγ pendulum.

In their search for PPARγ regulators, the authors1 find that the enzyme cyclin-dependent
kinase 5 (CDK5) phosphorylates PPARγ on serine residue 273. Activation of CDK5 itself
involves truncation of the p35 protein to p25, possibly in response to cytokines or other pro-
inflammatory signals (Fig. 1). p25 then translocates to the nucleus, where it associates with,
and activates, CDK5 in a way reminiscent of the activation of other CDK enzymes.

High cytokines levels are commonly observed in obesity. The authors therefore asked
whether cytokine-mediated CDK5 activation regulates PPARγ in the obese state. Indeed,
they find that CDK5 phosphorylates PPARγ when mice are fed a high-fat diet. As well as
affecting adipocyte differentiation, PPARγ also regulates the expression of some genes
associated with the metabolic disorders. Choi et al. show that CDK5-mediated

admin.auwerx@epfl.ch

Europe PMC Funders Group
Author Manuscript
Nature. Author manuscript; available in PMC 2013 December 05.

Published in final edited form as:
Nature. 2010 July 22; 466(7305): . doi:10.1038/466443a.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



phosphorylation of this nuclear receptor does not affect its role in adipocyte differentiation,
but selectively inhibits the expression of a specific subset of its gene targets; the mechanism
remains unknown.

Intriguingly, the anti-diabetic PPARγ ligands that were previously considered to act solely
by activating PPARγ potently inhibit its CDK5-mediated phosphorylation1, probably by
inducing a conformational change in PPARγ. This alternative way of modifying PPARγ
activity, could clarify the longstanding paradox: why PPARγ activation by a wide range of
ligands does not always correlate with the ligands’ in vivo efficacy. Also, different PPARγ
activators — whether potent (such as rosiglitazone) or weak (MRL24) — may have similar
insulin-sensitizing effects in vivo, because of their similar capacity to revert CDK5-mediated
phosphorylation. In strong support of these hypotheses, Choi et al.1 show that, in human
patients receiving rosiglitazone, the levels of phosphorylated PPARγ in fat tissue correlates
clearly with clinical parameters of glucose tolerance, and may therefore serve as an indicator
for diabetes.

This refreshing wind over the PPARγ field also points to some important areas of future
research, which would revitalize the once-bustling PPARγ research. First, does CDK5
selectively affect PPARγ function or does it also apply to other pathways? This enzyme’s
activation is more likely to be part of a signalling pathway that informs the cell about a
potentially harmful metabolic context. Indeed, CDK5 is a potent stimulator of insulin
secretion, through phosphorylation of components of the secretory machinery8,9. The search
for other CDK5 targets — including other transcriptional regulators and nuclear receptors —
is therefore certainly warranted. Second, both a PPARγ phosphatase that reverts the CDK5
effect, and components of the regulatory pathway involving CDK5 and p35/p25 (ref. 10)
should be identified; this knowledge would open up another way to modulate PPARγ
activity. Third, genetic evidence supporting a role for CDK5-mediated signalling in
metabolic disorders would be welcome. For this, data obtained through previous genome-
wide association studies should be carefully reanalysed, while taking into account the
genomic regions that contain the gene for CDK5 and its upstream regulators. Finally,
elucidating how CDK5 phosphorylation alters PPARγ structure might be informative.
Potential conformational changes may affect other post-translational modifications of
PPARγ and alter recruitment of its other regulators. Of priority should be exploring whether
CDK5-mediated PPARγ phosphorylation supports recruitment of PPARγ cofactors that
unfavourably affect metabolism, such as TIF2/SRC-2 and RIP140 (refs 11, 12), at the
expense of those with a more favourable metabolic connotation, such as SRC-1 and PGC-1
(refs 11,13).

Almost 25 years after their 1987 paper2, the Spiegelman group1 might have once again
caught a big ‘fat’ fish by explaining why classical PPARγ drug discovery was poised to fail.
The research community was fishing with the wrong bait. Indeed, Choi and colleagues’
results seriously question the screening strategies of the drug industry to identify extremely
potent PPARγ activators, which were not necessarily more potent insulin sensitizers.

Targeting PPARγ should now be a rather straightforward strategy and could lead to
compounds that induce conformational changes of the PPARγ protein, activate it in
moderation, and most importantly fully remove its phosphorylation mark15. Such
compounds could still reprogram the expression of crucial metabolic gene sets, but should
lack the typical PPARγ side effects caused by full activation of this receptor. Also, although
several effective CDK5 inhibitors exist (including roscovitine), we would favour a drug that
specifically affects PPARγ; complete CDK5 inhibition would also interfere with its other
functions, for instance, in the central nervous system14. Altogether, Choi and colleagues’
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work heralds a new era of drug discovery, now able to rationally target PPARγ activity, so
to improve diabetes and avoid side effects.
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Figure 1. Regulation of PPARγ activity
In the obese state, pro-inflammatory signals lead to the cleavage of the p35 protein to p25.
p25 then translocates to the nucleus where it binds to CDK5 and activates it. Choi et al.1

show that, CDK5 in turn phosphorylates PPARγ on serine residue 273, thereby preventing
the transcription of specific PPARγ targets that have anti-obesity effects. Anti-diabetic
PPARγ ligands prevent serine 273 phosphorylation.
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