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ABSTRACT
Diabetes is a chronic and progressing disease, the number of patients increasing exponentially,
especially in industrialized countries. Regenerating lost insulin-producing cells would represent a
promising therapeutic alternative for most diabetic patients. To this end, using the mouse as a
model, we reported that GABA, a food supplement, could induce insulin-producing beta-like cell
neogenesis offering an attractive and innovative approach for diabetes therapeutics.
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The pancreas is an abdominal gland located behind the
stomach and connected to the duodenum. It consists of
two functionally and morphologically distinct compart-
ments. The exocrine compartment (representing 98% of
the total organ mass), mainly involved in nutrient diges-
tion, is composed of acinar and ductal cells. Acinar cells
produce digestive enzymes that catalyze the breakdown
of proteins, carbohydrates and lipids. Drainage of diges-
tive enzymes is carried out by a ductal system, which
conveys the pancreatic juice to the duodenum.1,2 The
endocrine compartment is organized into highly vascu-
larized and innervated cell clusters termed islets of Lan-
gerhans. They include five different hormone-secreting
cell subtypes: a-, b-, d-, e-, and PP-cells secreting respec-
tively glucagon, insulin, somatostatin, ghrelin, and pan-
creatic polypeptide. The intimate interaction between
islets and vascular cells allows a tight control of the glu-
cose homeostasis.1

Diabetes is a chronic and progressing disease charac-
terized by elevated blood glucose levels. It represents a
major threat for public health as it affects 422 million
people worldwide according to the latest WHO’s report
(http://apps.who.int/iris/bitstream/10665/204871/1/97892
41565257_eng.pdf?uaD1). Diabetes can be subdivided
into two main conditions: type I diabetes, which is
mainly caused by an autoimmune-mediated destruction
of insulin-producing pancreatic b-cells and type II

diabetes, resulting from the resistance to insulin action
in peripheral tissues and eventual b-cell failure. Both
forms of diabetes result in chronic hyperglycemia.3

Therefore, developing novel strategies aiming at regener-
ating b-cells would represent a promising therapeutic
alternative for a majority of diabetic patients.

Toward this goal, several researches have been
focused on deciphering the molecular mechanisms
underlying b-cell genesis during embryonic development
and throughout adulthood.4-11 Mainly using the mouse
as a model system, lineage tracing analyses combined to
loss-of-function demonstrated that all pancreatic endo-
crine cells derive from progenitor cells expressing the
basic helix-loop-helix (bHLH) transcription factor neu-
rogenin3 (neurog3).12 Subsequently, during the course of
embryonic development, neurog3C endocrine precursor
cells further differentiate into specific endocrine cells,
such process being driven by a complex network of tran-
scription factors.2 Among these, Arx and Pax4 play a
major role in cell fate allocation as their activities were
found to be required for the differentiation of glucagon-
expressing a-cells and insulin-secreting b-cells, respec-
tively13 (Fig. 1). Importantly, recent studies demon-
strated that, upon the misexpression of Pax4 or the
inactivation of Arx,14,15 terminally differentiated a-cells
can be regenerated and converted into functional b-cells,
either during in-utero development or adulthood
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(Fig. 1). These latter results clearly show that exploiting
a-cell plasticity and regeneration capabilities could rep-
resent a possible strategy to counteract b-cell loss in dia-
betic patients.

Encouraged by this exciting perspective, several
screens were performed aiming to putatively identify
compounds able to mimic the consequences of Pax4
misexpression / Arx inhibition and the ensuing conver-
sion of a-cells into b-like cells. We thus identified the
g-aminobutyric acid (GABA). GABA is the main inhibi-
tory neurotransmitter in the central nervous system.16 In
the pancreas, GABA is released by b-cells and acts on
a-cells to decrease glucagon secretion.17 Interestingly,
upon daily intraperitoneal injections of GABA (GABA
does not cross the blood-brain barrier) in wild-type non-
diabetic mice, a dramatic b-like cell hyperplasia, leading
to an increase in the number and size of the islets of Lan-
gerhans, was documented.18 Of note, the b-like cell mass
expansion was found to be proportional to the duration
of GABA treatment and independent of the age of
animals. Further analyses, combining lineage tracing,

immunohistochemistry, electron microscopy, and func-
tional tests, demonstrated that GABA acts on a-cells
through the GABAA receptor in order to down-regulate
Arx activities,18,19 such inactivation leading to their con-
version into b-like cells (Fig. 2). Importantly, the ensuing
loss of a-cells (and resulting glucagon shortage) triggers
compensatory mechanisms involving the mobilization of
ductal precursor cells that differentiate into a-cells by
reactivating the embryonic endocrine differentiation
program in such adult context. However, upon main-
tained GABA exposure, the neo-generated a-cells are yet
again converted into b-like cells, such cycle of neogenesis
and conversion finally resulting in the expansion of
b-like cell mass.

Impressively, GABA treatment alone appeared suffi-
cient to rescue mice from streptozotocin-induced b-cell
ablation and subsequent diabetes, even once the animals
were hyperglycemic. Equally important was the finding
that mice rendered diabetic repeatedly could regenerate
several times their b-cell mass upon GABA administra-
tion. However, when GABA exposure was halted, a
prompt arrest of b-cell neogenesis was observed, suggest-
ing that these regeneration processes can be tightly
controlled.

Aiming to determine whether GABA could also con-
vert human a-cells into b-like cells, we performed in
vitro and ex-vivo analyses.18 Interestingly, in both instan-
ces, a clear decrease in the number of a-cells and a con-
comitant augmentation in the insulinC counts were
observed following GABA treatment. These results
therefore suggest that GABA can reprogram human
a-cells into cells expressing the insulin hormone. While

Figure 1. Arx and Pax4 roles for endocrine cell specification and
reprogramming. During the course of pancreas morphogenesis,
the activation of Neurog3 specifies pancreatic precursor cells
toward an endocrine cell fate. The subsequent activation of Pax4
or Arx (both mutually inhibiting each other’s at the transcrip-
tional level) will further drive endocrine precursor cells toward a
b-/d-cell lineage or an a-cell fate, respectively. Importantly, the
misexpression of Pax4 or the loss of Arx expression in a-cells
induces their neogenesis and conversion into b-like cells in vivo.

Figure 2. GABA induces a-cell-mediated b-like cell neogenesis.
GABA acts via the GABAA receptor located on a-cells (1), leading
to the inactivation of Arx and the subsequent conversion of
a-cells into Pax4C insulin-producing b-like cells (2). The ensuing
shortage of glucagon induces compensatory mechanisms involv-
ing the mobilization of ductal precursor cells and their differenti-
ation into a-like cells (3). This process involves the reactivation of
the embryonic endocrine differentiation program with the re-
expression of the developmental gene Neurog3, such Neurog3C

ductal cells undergoing epithelium-to-mesenchymal transition
(3).
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much work remains to be done, the identification of a
food supplement able to restore the b-cell mass using
regenerating a-cells in such an efficient and tightly con-
trolled way raises hopes toward an alternative treatment
of diabetes.
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