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The understanding of the phenomenon leading to pancreatic b-cell mass regulation represents a critical step in
the development of regenerative therapy for diabetic
patients. Type 1 (T1D) and type 2 (T2D) diabetes are
characterized by a near-absolute or a relative deﬁciency
of b-cells numbers, respectively. In T1D, at the time of
clinical diagnosis, approximately 60–80% of the insulinproducing cells have been destroyed (1). With the currently available treatments, patients with T1D and T2D
develop severe long-term complications that clearly reduce their life expectancy (2–4). While insulin replacement continues to be the primary treatment, the
need to establish a precise and physiological glucoregulation in order to avoid complications has led to
multiple avenues of alternative interventions. Some
studies fulﬁlled this requirement with allogenic transplantation of human islets or insulin-producing cells
(5,6). Still under extensive study, the use of pig islets as
an alternative source of insulin-producing cells for xenotransplantation seems to be promising and could represent the future of cell therapy for diabetes (7). Other
studies have aimed at abrogating the cause of the disease
(i.e., the autoimmunity leading to the destruction of
b-cells in T1D) (8). Finally, others worked on the reestablishment of an adequate b-cell mass able to restore
euglycemia through methods that promote b-cell preservation and/or regeneration in diabetic individuals
(9–11).
Pancreatic b-cell mass and function exhibit signiﬁcant
plasticity so that in times of increased insulin demand,
such as obesity (12), insulin resistance, and pregnancy
(13,14), b-cell numbers and insulin secretory capacity
can increase signiﬁcantly to meet this metabolic demand.

During a life span, maintenance of pancreatic b-cell mass
is regulated by a complex equilibrium among neogenesis,
increase and decrease of cell volume (hypertrophy or
atrophy), cell differentiation, and cell proliferation (hyperplasia) and death (apoptosis). Now, there is considerable interest in ﬁnding efﬁcient and safe methods to
increase b-cell mass by inducing the proliferation of
remaining b-cells or favoring the differentiation of resident precursors or progenitors. The proliferation of
preexisting b-cells has been shown to be an important
source of newly derived adult pancreatic b-cells (15).
Under physiological conditions, the rate of primary b-cell
replication is very low (in the range of 0–1.2% of the
b-cells in adults). Although extensively studied, physiological mechanisms of human b-cell proliferation still
remain unknown. Different molecules have been shown
to favor b-cell proliferation, mainly prolactin (increasing
during pregnancy), serotonin (16), glucagon-like peptide 1
(GLP-1), and betatrophin (17).
In this issue, Wei et al. (18) show that pancreatic
b-cell mass is controlled during development and adulthood by osteocalcin via its receptor Gprc6a. Recently,
several observations have highlighted that bone, more
than supporting tissue, is a real endocrine organ regulating various functions including glucose metabolism
and energy expenditure. Osteocalcin, also known as bone
g-carboxyglutamic acid-containing protein, a speciﬁc
osteoblast-derived hormone, is responsible for these
functions (Fig. 1). Osteocalcin can be found in two different forms. In its uncarboxylated form, osteocalcin favors
pancreatic b-cell insulin expression and secretion (19) and
b-cell proliferation. Several well-documented clinical
investigations demonstrated a clear association between
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Figure 1—Osteoblast-secreted osteocalcin in its active (undercarboxylated) form favors insulin sensitivity in muscle, adipose tissue, and
liver, having a positive action on glycemia. In the pancreas, active osteocalcin stimulates insulin release and b-cell proliferation. In b-cells,
osteocalcin binds to its receptor Gprc6a, inducing the activation of cyclin D1 and cell-cycle progression leading to b-cell proliferation and
increase in b-cell mass.

glucose metabolism and osteocalcin in humans. Gprc6a is
a G-protein–coupled receptor, binding basic and small
aliphatic L-a-amino acids and cations, showing a wide
tissular expression. More recently, testosterone and
osteocalcin have been identiﬁed as endogenous Gprc6a
agonists. Wei et al. ﬁrst demonstrated that Gprc6aspeciﬁc inactivation in pancreatic b-cells (Gprc6aPdx12/2)
induced glucose intolerance, producing a lower quantity
of insulin in response to glucose stimulation but with

a normal insulin sensitivity. Compared with their control
littermates (Gprc6a ﬂ/ﬂ), no signiﬁcant differences were
observed for body and pancreas weight and glucagon
expression.
b-Cell proliferation is the main actor of the increasing
b-cell mass. In the proliferation process, cyclin and
cyclin-dependent kinases play an important role. Previous studies on gene expression analyses of islets or
b-cell lines demonstrated that osteocalcin enhances the
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expression of the insulin genes as well as those encoding
proteins implicated in G1/S cell-cycle transition, such as
cyclin D1, cyclin D2, and Cdk4. Wei et al. demonstrate
that the inactivation of Gprc6a induced a reduction of
b-cell proliferation concomitant with a decrease of cyclin
D1 gene expression during development and adulthood.
Cyclin D2 and Cdk4 expression were not modiﬁed. As
a consequence, b-cell mass and area were reduced in
Gprc6aPdx12/2 mice.
With in vitro and in vivo experiments, Wei et al.
showed that in the absence of Gprc6a expression in
b-cells osteocalcin has no effects on insulin expression
and secretion and b-cell proliferation, clearly showing
that Gprc6a is the main, if not the only, osteocalcin receptor acting in b-cells. Moreover, they demonstrate
that the reduction of the b-cell mass was only due to
a reduction of b-cell proliferation and not to an impaired
differentiation. Study of b-cell differentiation markers
(Pdx1, Nkx6.1, Nkx2.2, or Isl1) and other endocrine
hormones in Gprc6aPdx12/2 mice and their control littermates did not demonstrate any differences.
Interestingly, plasmatic active osteocalcin (undercarboxylated) is detectable early during development and
its quantity is constantly increasing to reach a maximum
in the postnatal period. During the perinatal period,
b-cells undergo a transient peak of proliferation signiﬁcantly increasing the b-cell mass. This perinatal peak of
b-cell proliferation coincides with the enhanced expression of osteocalcin in developing embryos. A recent
publication by Mizokami et al. (20) highlighted the effect
of osteocalcin via Gprc6a on GLP-1 secretion by the
L-cells of the intestine. GLP-1 is known to favor b-cell
proliferation and could contribute, to some extent by an
indirect way, to the b-cell proliferation observed in the
study of Wei et al.
Despite some remaining questions about the complete
deciphering of the direct and indirect actions of osteocalcin on b-cell mass, the study by Wei et al. (18) contributes elegantly to bring new important knowledge on
the complex and intriguing relation existing between the
bones and pancreas. This connection between these two
tissues opens new roads for the treatment of diabetes.
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