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P
roper glycemic control requires that numerous
b-cells are coordinated to rapidly, but temporar-
ily, secrete insulin after meals. This coordination
integrates hundreds of b-cells within each islet

into a functionally homogeneous unit. This homogeneity
occurs despite the intrinsic heterogeneity of individual
b-cells (1). Fine-tuning of this coordination is further re-
quired because of the cyclic oscillations that ionic, meta-
bolic, and effector events undergo within each islet, as
well as among the many islets of a pancreas. Together,
these events ensure normal pulsatility of insulin secretion
(2,3). Many mechanisms have evolved over time to achieve
this coordination (1–4). One such mechanism is cell-to-cell
coupling, the process by which contiguous cells exchange
cytosolic molecules (Fig. 1) via channels made of connexin
(Cx) proteins. These proteins concentrate at gap junction
domains of the cell membrane (4).

b-Cells are coupled by Cx36 (5–8). Disruption or blockade
of this coupling alters basal and glucose-stimulated insulin
secretion (GSIS), the expression of insulin genes, and the
handling of cytosolic calcium (1,4,8). In Cx36-null mice,
which feature islets devoid of gap junctions and coupling
(9,10), uncoupled b-cells cannot synchronize across each
islet the calcium transients that are induced by glucose
stimulation (9,11). Loss of this synchronization eliminates
the pulsatile release of insulin and raises the basal secre-
tion of the hormone, such that postprandial glucose no
longer stimulates it (9,10) (Fig. 1). Uncoupled b-cells also
feature a slower decay of GSIS (12) and are sensitized to
apoptosis (13). While these data provide evidence that Cx36
has a role in the control of insulin secretion, they also
highlight a paradox: Cx36-null mice are normoglycemic
(9,10) and have a normal sensitivity to insulin (1) despite
their sizable defects in insulin secretion.

In the current issue of Diabetes, Head et al. (14) revis-
ited mice featuring native and null levels of Cx36. They
report that loss of Cx36 induces intolerance to post-
prandial glucose levels, despite normal circulating levels of
insulin, glucagon, and norepinephrine. They further docu-
ment that oscillations in circulating insulin are decreased
in Cx36-null mice. To determine the underlying mechanism,
the authors studied islets isolated from these animals and
confirmed that loss of Cx36 alters the intercellular coordi-
nation of the calcium transients induced by glucose (8,9,11)

and prolongs the decay of insulin secretion once the glucose
stimulation ends (12). Further, they report that these alter-
ations are associated with decreased amplitude and longer
decay of the first phase of GSIS, as well as with reduced
insulin oscillations during the second phase of GSIS (14).

These data are noteworthy because they provide evi-
dence that, in vivo, the altered insulin secretion of Cx36-
null mice actually results in abnormal control of blood
glucose levels, thereby supporting the physiological role of
Cx36 signaling. By showing that the dynamics of GSIS are
altered after loss of Cx36, these data also provide a possi-
ble explanation why Cx36-null mice are normoglycemic
under basal conditions, but not after a glucose load. The
data also indicate that Cx36 occupies a prominent position
among the several mechanisms that contribute to regulate
the dynamics of GSIS (2–4). Thus, while Cx36 signaling is
dispensable for the occurrence of both Ca2+ and insulin
oscillations, since these oscillations are preserved in
Cx36-null mice, the period and amplitude of the oscillations
observed in these animals were highly heterogeneous. This
indicates that Cx36 is essential to harmonize their fre-
quency and duration and also to sustain them within in-
dividual islets. Further, this study extends to the living
mouse a number of observations (Cx36-dependent control
of synchronized calcium oscillations, insulin pulsatility,
and GSIS decay), previously made on isolated islets or
pancreas (9–11), indicating that the in vivo phenotype is
linked to islet autonomous alterations. Finally, this study
confirms observations made in other colonies of Cx36-null
mice (normal insulin sensitivity, lack of phenotype of mice
retaining 50% of the native Cx36 levels) (1,9,10,13), illus-
trating that Cx36 signaling establishes a consistent b-to-
b-cell “chat” within each islet, which is necessary for proper
control of insulin secretion (Fig. 1). A scenario is proposed
in which a decrease in the amplitude and increase in du-
ration of the first phase of GSIS, together with decreased
oscillations of its second phase, may account for the glu-
cose intolerance observed in Cx36-null mice (14).

While this scenario is plausible, several issues remain to
be addressed. The mice used in this study featured a global
invalidation of the Gjd2 gene (9), which also presumably
abolished Cx36 expression in several neuronal populations
and in catecholamine-producing cells (5). Given that these
cell types contribute to control blood glucose by a variety
of mechanisms, presumably including coordination of
the 800–1,000 islets of the mouse pancreas (3), further
experiments using mice that feature a b-cell–specific de-
letion of Cx36 (10) are now needed to validate the auton-
omous influence of the islet events. Another issue concerns
the heterozygous mice, which presumably all expressed
about half the native levels of Cx36 (9). Head et al. (14) re-
port that only female mice developed marginal glucose in-
tolerance. However, these animals were not tested for Cx36
levels or calcium and insulin oscillations, thereby raising
questions about a hypothetical sex effect. An important
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consideration is to determine how much Cx36 is required
to preserve normal insulin secretion. Previous data have
shown that 50% of the protein is sufficient to sustain most
b-cell functions (9,11–13), whereas further loss may be

as deleterious as the absence of the protein (10). Head
et al. (14) now independently refine this estimation by
computing that loss of ;75% of the Cx36 conductance
would alter the synchronization of islet cells as observed in

FIG. 1. In control islets, Cx36 channels allow for the exchange of electrotonic currents and cytosolic molecules between coupled b-cells. Islets null
for Cx36 no longer feature this coupling, which causes the loss of the intercellular synchronization of glucose-induced Ca

2+
transients and of

pulsatile insulin release, as well as an extended off-response of b-cells. These alterations are associated with a decrease in the expression of the
Ins genes and in both first and second phases of GSIS, which result in impaired glucose tolerance of the Cx36-null mice. It is still unclear (?)
whether loss of Cx36 also sufficiently raises the basal secretion of insulin to alter the circulating levels of the hormone. Whether similar changes
also take place after the temporary uncoupling of b-cells, resulting from the closure of Cx36 channels, is still largely undetermined (nd). Many
aspects of b-cell function also remain to be investigated in b-cells forced to overexpress Cx36. Strikingly, these cells are more resistant to in vivo
conditions eliciting apoptosis, in marked contrast to Cx36-null b-cells, which are sensitized to such conditions.
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Cx36-null mice. This may imply that the safety Cx36 factor
may be lower in females than in males—an intriguing im-
plication that deserves further investigations. Given that
Cx may signal b-cells by mechanisms independent of cell
uncoupling (4,15–17), further studies should also inves-
tigate whether the effects of Cx36 loss are solely accounted
for by the uncoupling of b-cells or if they could also
be attributable to altered signaling by other regulatory
mechanisms (4).

Strikingly, the phenotype of Cx36-null mice is reminiscent
of alterations typical of prediabetes (glucose intolerance,
loss of circulating insulin oscillations) as well as type 2 di-
abetes (decreased first and second phases of GSIS, in-
creased b-cell apoptosis) (18). Since human b-cells are also
coupled by Cx36 (7), whose encoding gene is located at
a chromosomal locus (19) that confers susceptibility to type
2 diabetes (20), an intriguing possibility is that alterations in
Cx36 signaling, possibly as a result of a partial loss of Cx36
(14), may be implicated in the loss of b-cell function and
mass that characterize this disease (1,4,5). If so, Cx36 may
be a unique target of innovative therapies aimed at im-
proving b-cell function and control of blood glucose.
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