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A B S T R A C T

The mitochondrial translocator protein (TSPO) is a high affinity cholesterol binding protein which is
primarily located in the outer mitochondrial membrane where it has been shown to interact with
proteins implicated in mitochondrial permeability transition pore (mPTP) formation. TSPO is found in
different species and is expressed at high levels in tissues that synthesize steroids but is also present in
other peripheral tissues especially in the heart. TSPO has been involved in the import of cholesterol into
mitochondria, a key step in steroidogenesis. This constitutes the main established function of the protein
which was recently challenged by genetic studies. TSPO has also been associated directly or indirectly
with a wide range of cellular functions such as apoptosis, cell proliferation, differentiation, regulation of
mitochondrial function or porphyrin transport.
In the heart the role of TSPO remains undefined but a growing body of evidence suggests that TSPO

plays a critical role in regulating physiological cardiac function and that TSPO ligands may represent
interesting drugs to protect the heart under pathological conditions.
This article briefly reviews current knowledge regarding TSPO and discusses its role in the

cardiovascular system under physiological and pathologic conditions. More particularly, it provides
evidence that TSPO can represent an alternative strategy to develop new pharmacological agents to
protect the myocardium against ischemia–reperfusion injury.

ã 2015 Elsevier Inc. All rights reserved.

1. Introduction

Translocator protein (TSPO) was discovered in the 1970s when
it was found that some benzodiazepines were able to bind to
specific sites in peripheral tissues. These sites were functionally
and pharmacologically different from the central benzodiazepine
receptors as they were not coupled to gamma-aminobutyric acid

receptors [1]. They were located on outer mitochondrial mem-
brane and showed high affinity for ligands that were devoid of
activity for central benzodiazepine receptors. They were first
denominated PBR for “peripheral benzodiazepine receptors”. The
name TSPO was then proposed in 2006 to replace PBR because it
was reflecting more accurately its structure and the main potential
functions of the receptor, i.e., cholesterol binding and transport,
porphyrin binding and transport/import protein [2].

TSPO is a 169 amino acid protein with five transmembrane
domains located primarily on outer mitochondrial membranes.
TSPO is expressed in a wide variety of species and is ubiquitously
distributed with a predominantly expression in steroid-synthesiz-
ing tissues [3] such as gonad, adrenal and brain cells but it is also
abundantly expressed in kidney and heart. This extensive
distribution of the protein and the highly conserved primary
sequence of the gene in the evolution suggest an important role for
TSPO in biological processes. This idea was reinforced when it was
reported that gene-deleted mice displayed an embryonic lethal
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phenotype [4]. However, these data and the model linking the
TSPO to the transport of cholesterol from the outer to the inner
mitochondrial membrane were recently questioned [5]. Indeed,
Selvaraj and co-workers succeeded to generate global TSPO null
mice [6] and demonstrated that TSPO would not be essential to
steroid hormone biosynthesis [7]. In addition to its potential role in
steroid synthesis, as a component of the outer mitochondrial
membrane, TSPO was involved in the regulation of other
mitochondrial functions such as regulation of respiration, of the
membrane potential or opening of the permeability transition pore
(mPTP) [8]. Several biological processes such as apoptosis, cell
proliferation, modulation of voltage dependent channels or
microglial activation related to brain damage are also regulated,
at least partly, by TSPO [9,10]. However, some of these effects were
evidenced by means of TSPO ligands and further experiments are
necessary to conclude in confidence that these effects reflect a
direct involvement of TSPO.

In the heart, the role of TSPO remains elusive. In the recent
years, a growing body of evidence suggests that TSPO and its
ligands could play a protective role during cellular stress. TSPO has
been involved in the reduction of infarct size in several models of
ischemia–reperfusion, in the prevention of reperfusion arrhyth-
mias, but also in the prevention of cardiac hypertrophy that is a
natural course of myocardial infarction [10–14].

The aim of this review is first to summarize what is known
about the molecular structure, distribution and hypothetical
function(s) of TSPO under physiological conditions with a major
focus on the heart. Then, we will review the mechanism(s) that can
explain how TSPO ligands can protect the heart against the
deleterious effects of ischemia–reperfusion.

2. Pharmacological characterization of TSPO

TSPO was originally described in 1977 by Braestrup and Squires
who observed the presence of high density binding sites for
radiolabeled diazepam in the kidney [15]. Then, these sites were
found in other tissues including the central nervous system and
were named “peripheral benzodiazepine receptors” to distinguish
them from the central benzodiazepine receptors and because they
were abundant in the peripheral tissues.

In order to study these sites, considerable efforts were made to
develop specific and selective high affinity TSPO ligands structur-
ally different from “classical” benzodiazepine molecules. They can
be divided in different chemical classes including isoquinoline
carboxamides (PK11195) [16], indoleacetamides (SSR180575;
FGIN-1-27) [17,18], phenoxyphenyl-acetamides (DAA1106) [18]
and pyrazolopyrimidines (DPA-713) [3,18] derivatives. Recently, an
acetamide derivative, YL-IPA08 [19] and a molecule structurally
close to cholesterol, TRO40303, were found to be novel specific
TSPO ligands, the latter recognizing specifically the cholesterol site
of the translocator [20] (Fig. 1).

The most used of these ligands to probe TSPO and to investigate
its biological role(s) are 40-chlorodiazepam [15] and the isoqui-
lonine carboxamide derivative PK11195 [16] which display nano-
molar affinity for TSPO. Based on thermodynamic properties, 40-
chlorodiazepam was first considered as an agonist and PK11195 as
an antagonist of TSPO [21] but different studies demonstrated that
this classification is artificial as both ligands can act on the same
way or can have opposite effect, depending of the biologic process
and/or of the cell. Thus other authors qualified PK11195 and 40-
chlorodiazepam as agonist and antagonist, respectively [10,22].
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Fig. 1. Chemical structures of TSPO ligands.
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