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ABSTRACT
Paradoxically, most if not all previously known appetite-stimulatory hormones are downregulated in
human obesity, reflecting failing homeostatic circuitries. Recently, we discovered that acyl-coenzyme-A
binding protein/diazepam-binding inhibitor (ACBP/DBI) acts as a lipogenic and appetite stimulator,
when systemically injected into mice. ACBP/DBI plasma levels are also elevated in obese subjects,
supporting the notion that it may represent the elusive “hunger protein” that explains overeating in
human obesity.
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Acyl-coenzyme A binding protein (ACBP) is a phylogenetically
conserved protein that is found in some eubacteria, unicellular
fungi, plants and animals. In humans, this protein is also known
as diazepam-binding inhibitor (DBI), because it displaces the
benzodiazepine diazepam from its two receptors (i) the so-called
central benzodiazepine receptor (now called γ-aminobutyric
acid (GABA) receptor A) that is actually expressed by most
nucleated cell types in the body, and (ii) the so-called peripheral
benzodiazepine receptor (now called translocator protein,
TSPO) that is an ubiquitous outer mitochondrial membrane
protein).

We became interested in ACBP/DBI for three major rea-
sons. First, in the past we involved in elucidating the role of
TSPO in the regulation of mitochondrial membrane permea-
bilization in the context of cell death, advocating the use of
pharmacological TSPO ligands in cancer therapy.1,2 Second,
we developed a strong interest in acetyl-coenzyme A, which is
the shortest natural acyl-coenzyme A, discovering that nutri-
ent deprivation triggers a drop in intracellular acetyl-
coenzyme A concentrations, which then stimulates autophagy
via the reduction of cytoplasmic protein acetylation.3–5 Third,
we became intrigued by the observation that autophagy is
associated to the cellular release of ACBP/DBI through
a phylogenetically conserved pathway, from yeast to human
astrocytes.6 In Dictyostelium discoideum, the ACBP/DBI
orthologue (AcbA) is released during starvation and acts as
a precursor of the 34 amino acid peptide SDF-2, which
potently stimulates terminal differentiation and sporulation
of the cells.7 Hence ACBP/DBI exemplifies a factor that
links a cell-autonomous stress response to a systemic
response.8 However, the role of ACBP/DBI in animal physiol-
ogy was largely unknown, apart from the fact that ACBP/DBI

is the precursor of the octadecaneuropeptide that has potent
anorexigenic (appetite-inhibitory) effects when injected into
the brain of rodents.9

Intrigued by these premises, we decided to generate a series
of tools for the exploration of the physiological function of
ACBP/DBI in mammalian cell biology and physiology, namely,
recombinant ACBP/DBI protein, ACBP/DBI-encoding vectors
for hepatic transgenesis, ACBP/DBI-specific monoclonal anti-
bodies, mice in which ACBP/DBI can be knocked out in
a conditional fashion by injection of tamoxifen (that activates
the recombinase CRE to excise the second exon of the Dbi
gene), as well as a protocol for breaking self-tolerance to
ACBP/DBI and hence to induce autoantibodies against this
factor. We then performed in vitro cell biology experiments,
as well as in vivo experiments, to elucidate the potential role of
ACBP/DBI in autophagy and metabolism in mice.10 In the
course of these efforts, which started in 2012, we made
a series of observations that, in our opinion, reveal a major
role for ACBP/DBI in feedback inhibition of autophagy and in
metabolic control.

ACBP/DBI is indeed released from murine and human
cells upon starvation in an autophagy-dependent fashion,
through a non-conventional protein secretion pathway.10

Moreover, in mice, the plasma concentration of ACBP/DBI
increases after one day of starvation. This effect can be
blocked by knockout of the pro-autophagic gene Atg4b.
Hence, ACBP/DBI is a potential endocrine factor that raises
when cells initiate autophagy. At difference with true hor-
mones, however there is no specific cell type that would
produce this factor. Rather, many different cells (e.g. adipo-
cytes, hepatocytes, leukocytes …) can release ACBP/DBI
in vivo (Figure 1(a)).
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In vitro, addition of recombinant ACBP/DBI protein to cell
cultures inhibits starvation-induced autophagy, while addition
of a neutralizing antibody specific for ACBP/DBI stimulates
autophagy. Similar results are obtained in mice when ACBP/
DBI protein or the neutralizing antibody are injected into the
peritoneal cavity.10 Thus, it appears that ACBP/DBI is
engaged in a feedback loop that controls autophagy. When
ACBP/DBI is released from starved cells into the extracellular
space, it then inhibits autophagy, perhaps as a homeostatic
control mechanism (Figure 1(b)).

Transgenic overexpression of ACBP/DBI in the liver or intra-
venous injection of the recombinant protein has obesogenic
effects: increased glucose uptake by liver cells and adipocytes,
inhibition of fatty acid oxidation, upregulation of lipogenic
transcription factors and enzymes, enhanced adiposity, and
increased body weight. In contrast, neutralization of ACBP/
DBI by three different methods, namely, (i) injection of neutra-
lizing monoclonal antibodies, (ii) induction of autoantibodies
specific for ACBP/DBI, or (iii) tamoxifen-inducible whole-body
knockout had marked anorexigenic effects: induction of fatty
acid oxidation; downregulation of lipogenic transcription factors
and enzymes; browning of fat; reduced adiposity, less hepatos-
teatosis, no diabetes and attenuated weight gain in the context of
a high-fat diet, as well as a major weight less when mice were
switched from a high-fat to a normal diet (Figure 1(c)).

Beyond the aforementioned effects, injection of ACBP/DBI
stimulated increased food uptake, commensurate with the

activation of orexigenic neurons in the hypothalamus, while
neutralization of ACBP/DBI caused a reduction of food intake
after transient starvation, accompanied by the inhibition of
orexigenic and the activation of anorexigenic neurons. Thus,
peripherally administered ACBP/DBI has the opposite effect
than ACBP/DBI that is provided by by intrathecal (intracereb-
roventricular) or intrahypothalamic injection.9 This orexigenic
ACBP/DBI effect is most likely mediated by a modulation of
systemic metabolism. Thus, intravenous injection of ACBP/
DBI causes a reduction in circulating glucose concentrations,
and a glucose clamp (that maintains glucose levels stable)
prevents the activation of orexigenic neurons and the hyper-
phagia induced by ACBP/DBI in this context (Figure 1(d)).

Finally, we determined the plasma concentration in humans
with disorders in appetite control. We found a strong positive
correlation (Spearman r = 0.88) between the plasma concentra-
tion of ACBP/DBI and the body mass index (BMI) across all
extremes, from underweight (BMI<20), through normal weight
(BMI between 20 and 25), overweight (BMI between 25 and 30) to
obesity (BMI>30) and morbid obesity (BMI>35). In anorexia
nervosa, ACBP/DBI levels were extremely low, while in obesity
these levels were supraphysiological. Similarly, inmice obesity was
coupled to supranormal levels of ACBP/DBI protein levels in the
plasma, as well as enhanced Dbi mRNA levels in the liver and in
white adipose tissue. Moreover, in patients, long-term variations
in caloric uptake positively correlated with DBI mRNA levels in
the periumbilical white adipose tissue (Figure 1(e)).

Figure 1. Schematic representation of ACBP/DBI effects on autophagy and metabolism. (a) Autophagy-dependent release of ACBP/DBI from cells. (b) Involvement of
ACBP/DBI in feedback inhibition of autophagy. (c) Obesogenic effects of ACBP/DBI in mice. (d) Orexigenic effects of ACBP/DBI in mice. (e) Deviations in circulating
ACBP/DBI levels in human appetite control disorders.
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In summary, ACBP/DBI appears to act as a major obeso-
genic (orexigenic + lipogenic) factor that is elevated in human
obesity. As such, it may be the thus far elusive “hunger
protein” that mediates pathogenic hyperphagia in obese sub-
jects, locking then in a close-to-irreversible state of metabolic
deviation.
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