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EDITORIAL

Breaking Insulin Resistance with Thiazolidinediones

Prof. Faisal Masud

Professor of Medicine & Principal Services Institute of Medical Sciences / Services Hospital, Lahore.

Diabetes mellitus is a syndrome characterized by
chronic hyperglycaemia as a result of absolute or rela
tive insulin deficiency (resistance) or both'.

This patho-physiological definition determines the
natural division of diabetes mellitus into two
categories. The hall mark of type-I diabetes mellitus
is grossly reduced insulin production while the main
defects in type II diabetes are peripheral insulin
resistance and insufficient compensation of pan-
creatic 3 cells’. Indeed, artificial induction of insulin
resistance in muscle, liver, adipose tissue, and § cells
may create the phenotype of type 1 diabetes.

A rational approach for managing patients at
varying stages of disease requires an understanding
of the pathogenesis and treatment of morbid pro
cesses that lead to the disease progression™. Since
insulin resistance plays such a central role in the
course of type II diabetes mellitus, it is natural that it
should become the target of therapeutic manipu’
lation.

insulin secretion (sulfonylureas and related drugs) o

treatment with exogenous insulin, while effect%t
lowering blood glucose levels, will not directl& e

the underlying insulin resistance i ted
pathways’. Other types of treatments, suc etfor
min, work independently of the p . )Disac

charidase inhibitors slow glucose u er a meal.
Beta-3 agonists and agents that auggent glucagon-
like peptide (GLP) activity are promising new agents,
but they lower blood glucos%el without any
significant direct effect Qs in resistance.
Thiazolidinediones (TZD new group of
synthetic molecules whij meciﬁcally by breaking
down insulin resistanceito bring down blood glucose.
Thiazolidinediones were initially developed and
investigated for their lipid lowering activity. TZDs act
by binding to nuclear hormone receptor peroxisome-
proliferator- activated receptors gamma (PPAR). The
peroxisome- proliferator- activated receptors
(PPARs) are a subfamily of the 48- member nucleat-
receptor super-family that regulates gene expression
in response to ligand binding"*. Certain lipid products
and prostaglandins appear to be the natural ligands of
this receptor. There are three different types of these

receptors: PPAR «, PPAR B (also called PPAR and
PPAR PPAR alpha are expressed predominantly on
liver, heart and muscle as well as in the vascular wall’.
Fibrates are ligands of PPAR « and lipid lowering
action of fibrates appear to be mediated through this
pathway. PPAR beta ar ssed in many tissues,
with the highest expressi skin, brain and adipose
tissue. PPAR gamma aerressed most abundantly
in adipose tissue bu also found in pancreatic beta
cells, vascular end@m and macrophages™.

The thiazoli iones bind to and alter the
function of roxisome— proliferator-activated
receptor QQ PAR). This interaction of thiazoli-

dinedione the PPARs generates a signal that
leads to odulation of a number of gene pro-
ducts that affect fat and muscle cell function and glu-

c s@hpid metabolism.
@azohdinediones are therefore true insulin sen’
s

1tizéts that act primarily by augmenting the effects of

insulin in peripheral tissues ™',
Treatment programs that enhance endogeno When unbound by its ligand, the PPAR receptor

rms a hetero-diamer with Retinoic Acid (retinoic
acid X retinoic acid) RXR in the cytosol. In this unli
ganded state, the PPARRXR hetero-diamer is associ
ated with a multi-protein co-repressor complex. This
co-repressor complex has marked histone deacetylase
activity. The deacetylated state of histone tends to
keep the nucleosome in a state in which transcription
is inhibited. Once a PPAR ligand binds to the recep
tor, the co-repressor complex dissociates and a co-
activator complex, containing histone acetylase acti
vity, is recruited to the PPARRXR hetero-diamer.
Acytylation of histones in the nuclesome allows
tightly coiled chromatin strands to unwind making it
ready for activegene transcription. (See figure 1),

Through this mechanism of active gene trans-
cription in the target tissue, PPAR activation pro-
motes differentiation of adipocytes, as well as other
cell types. This differentiation is associated with
induction of lipogenic enzymes as well as gluco-
regulatory proteins”. It is assumed that normal PPAR
interactions with its endogenous ligands help to main-
tain the proper level of key glucoregulatory mole-
cules, so that tissues exhibit a state of normal insulin
sensitivity. TZDs, therefore, through activation of



PPAR receptorslead to induction of glucoregulatory
molecules and enhancedinsulin sensitivity”.

In order to further elucidate the role of PPAR in
health and disease, genes encoding for PPAR have to
be switched off. The best way to achieve this is by
creating knock-out mice. Knockout mice are
produced when both alleles of a target gene are
deleted. For PPAR, the wild type mouse will have
PPAR' configuration. PPAR null ie PPAR' fetu-ses
are unviable but PPAR' heterozygotes have been
produced and are viable. They express 50% of PPAR
receptors. It is all but natural to assume that these
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mice will be insulin resistant because of the reduced
PPAR expression. These mice, however, paradoxically
show heightened insulin sensitivity. This paradox is
explainable once the configuration of un-liganded
PPARRXR is taken into account. In this un-liganded
state it is bound by co-repressor complex causing
active inhibition of target gene transcription (See
figure 1). Reduced expression of PPAR receptors may,
therefore, actually decrease the suppression of target
gene transcription in these knockout PPAR"” mice”.
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Figure 1.

Schematic diagram of the mechanisms of PPAR action. In the unliganded state (top), the PPAR receptor exists as a
heterodimer with the RXR nuclear receptor and the heterodimer is located on a PPAR response element (PPRE) of a
target gene. The unliganded receptor heterodimer complex is associated with a multicomponent corepressor complex,
which physically interacts with the PPAR receptor through SMRT. The corepressor complex contains histone
deacetylase (HDAC) activity, and the deacetylated state of histone inhibits transcription. After PPAR ligand binding, the
corepressor complex is dismissed and a coactivator complex is recruited to the heterodimer PPAR receptor (bottom).
The coactivator complex contains histone acetylase activity, leading to chromatin remodeling, facilitating active

transcription. Adapted from Glass and Rosenfeld®.
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