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Early Expression of Adenosine 5—Triphosphate-Gated
P2X; Receptors in the Developing Rat Pancreas

Kwok Kuen Cheung, PhD,*f{ Robson Coutinho-Silva, PhD,# Wood Yee Chan, PhD,t
and Geoffrey Burnstock, PhD, DSc, FAA, FRCS, FRCP, FRS*

Objectives: Extracellular adenosine 5triphosphate modulates the
functions of the adult pancreas via 2 nucleotide receptor families, the
P2X and P2Y receptors. Expression of the P2X; receptor has been
demonstrated in islet cells of the pancreas, particularly the mature o
cells that secrete glucagon. In the streptozotocin-induced diabetic
model, a loss of insulin-secreting cells was accompanied by an
increase in a cells that expressed the P2X; receptor.

Methods: In the present study, we have examined the expression of
P2X; receptors in the developing pancreas from embryonic days 10
(E10) to E18.

Results: We detected P2X; receptor-immunoreactive cells in
pancreatic islet cells as early as E11” before glucagon expression.
Subsequently, P2X; receptors were expressed in glucagon-secreting
cells at E12, and complete colocalization was observed at E14.
Occasional colocalization of P2X; receptors and insulin was
observed in scattered cells at E12 and E14, but not at E18, when
the glucagon- and insulin-secreting cells were almost completely
segregated.

Conclusions: It was found that P2X receptors were expressed early
in a subpopulation of glucagon- and insulin-immunopositive cells in
developing islets and subsequently became restricted to glucagon-
expressing cells as development proceeded. The possible functional
significance of these changes is discussed.
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he functional units of the endocrine pancreas are the islets
of Langerhans, composed of 4 cell types: a, 3, 8, and PP
cells. The insulin-secreting 3 cells constitute most of the
endocrine cell population and form the core of the islet,
whereas «a, 8, and PP cells, secreting glucagon, somatostatin,
and a pancreatic polypeptide, respectively, make up the rest
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of the islet cell population. In mammals, the embryonic
pancreas develops from the primitive foregut as 2 out-
pocketings (the dorsal and ventral buds), each of which
consists of an inner endodermal epithelium surrounded by the
mesenchyme.' Both buds subsequently proliferate to form
multiple branches and fuse to make a functional organ.
Among the hormones secreted from the endocrine portion of
the pancreas, glucagon is the first peptide expressed in the
developing pancreatic epithelium at embryonic day 9.5 (E9.5)
in the mouse.>” The functional significance of this early
appearance of glucagon in the pancreas has not been resolved,
although it has been suggested that glucagon regulates the
differentiation of insulin-secreting cells.* However, the
relationship of these endocrine cells in embryos and how
the differentiation of these various types of pancreatic cells is
regulated is still far from clear. It is known that the
histogenesis of pancreatic endocrine cells requires complex
and dynamic gene expression.”

Receptors responsible for ATP-mediated activities are
subdivided into ionotropic P2X and metabotropic P2Y
receptor families.”®* The P2X receptors mediate rapid,
nonselective passage of small cations across the cell
membrane, resulting in an increase in intracellular Ca*" and
depolarization.”®* Among the cloned P2X receptors to date,
the P2X; receptor is structurally and functionally unique in
that the cation channel of the P2X; receptor, under the
continuous presence or repetitive stimulation with low doses
of ATP and a low level of divalent cations, converts to a pore
permeable to small molecules and ions.”'® The significantly
longer than other P2X receptors intracellular C-terminus is
associated with the induction of the nonselective pore.'” In
addition, the P2X; receptor is the only P2X receptor subunit
that is unable to form heteromeric assemblies with other
P2X receptor subunits,'" and thus the P2X, receptor only
exists as a homomer. The P2X; receptor has also been
implicated in mediating apoptosis and/or necrosis in some
tissues-7,9,10,12714

Exogenous nucleotides modulate the functions of the
adult pancreas.'”'7 It has been demonstrated that ATP
stimulates insulin secretion, whereas adenosine inhibits
insulin secretion from [ cells and stimulates glucagon
secretion from « cells.

The P2X5 receptor has been detected in a cells but not
the other pancreatic endocrine cell types.'®!” In the present
study, we have investigated the developmental expression
pattern of the P2X; receptor. We have made use of specific
antibodies and an immunofluorescent double-labeling
method to study the spatial-temporal expression of P2X;
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receptors in the early developing pancreas to find out its
relationship with the glucagon and insulin-secreting cells.

MATERIALS AND METHODS

Tissue Preparation

The expression of P2X; receptor protein was studied in
Sprague-Dawley rat embryonic pancreas of E10 to E18 using
fluorescence immunohistochemical techniques. The day of
identification of the presence of a vaginal plug was designated
as EO. Pregnant Sprague-Dawley rats were killed by
asphyxiation with a rising concentration of carbon dioxide
(between 0% and 100%), and death was confirmed by
cervical dislocation according to Home Office (UK) regula-
tions covering schedule 1 procedures. Embryos collected
were fixed in 4% paraformaldehyde in 0.1 M phosphate
buffer (pH 7.2) at 4°C. Three litters of embryos were used for
each embryonic stage, and 3 embryos were used from each
litter. Fixed embryos were cryoprotected, embedded in
Tissue-Tek, and cryosectioned at 12 pm.

Immunofluorescence Double Labeling

Air-dried sections of the entire embryonic pancreas
were postfixed with 4% paraformaldehyde in 0.1 M
phosphate buffer for 2 minutes at room temperature.
Nonspecific binding sites were blocked by incubating
sections in 10% normal serum (normal horse serum [NHS]
for P2X; and glucagon; normal goat serum [NGS] for insulin)
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in phosphate buffered saline (PBS) for 1 hour. The sections
were then incubated with primary antibodies, diluted in 10%
NHS (or NGS) in PBS, overnight at room temperature. The
primary antibodies used were rabbit anti-P2X (1:200; Roche
Palo Alto, Calif), goat antiglucagon (1:50; Santa Cruz
Biotechnology Inc, Santa Cruz, Calif) and guinea pig anti-
insulin (1:500; Incstar, Stillwater, Minn). The sections were
washed in PBS and incubated for 1 hour at room temperature
in either fluorescein isothiocyanate— or Cy3-conjugated
secondary antibodies (Jackson Immunoresearch Laboratories,
West Grove, Pa) diluted in 1% NHS (or NGS) in PBS. For
control experiments, the sections were incubated with the
primary antibodies preabsorbed with the control peptide
antigens or with NHS only. All images of immunohisto-
chemical staining were taken with a Leica DC 200 digital
camera (Leica, Heerbrugg, Switzerland) attached to a Zeiss
Axioplan microscope (Zeiss, Oberkochen, Germany). The
images were imported into a graphic package (Adobe
Photoshop, San Jose, Calif).

RESULTS

The P2X; receptor immunoreactivity was detected in
pancreatic islets at E11 to E18. The P2X; receptor was not
detected at E10 (data not shown) but was first expressed at
Ell (Fig. 1A), the stage at which glucagon and insulin
immunoreactivities were not yet detectable.”’ The P2X,
receptor—immunoreactive cells were found in the islets, which
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FIGURE 1. Immunohistochemical staining of P2X; receptors, glucagon and insulin in islets of E11 to E12 pancreas. The P2X;
receptor-immunoreactive cells (red) are expressed in clusters in E11 pancreas (A), glucagon-expressing cells (red) at E12 (B),
insulin-expressing cells (green) at E12 (C), and colocalization of glucagon and insulin (D) showing glucagon and insulin
coexpressed cells (arrows). E-G, Double labeling (yellow; arrows) of glucagon (red) and P2X; receptors (green). The P2X;
receptor expression (red) (H), insulin expression (green) (1), and colocalization (yellow, arrows) of P2X; receptors (red) and

insulin (green) (J). Scale bar, 100 um (A, E-J) and 114 um (B-D).
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appear as ovoid cell clusters in the pancreas. At E12, both
glucagon and insulin were detected in the islets (Figs. 1B, C).
Double immunofluorescent labeling showed that all the insulin-
expressing cells were glucagon positive, whereas some pancrea-
tic cells expressed glucagon only (Fig. 1D). Insulin-expressing
cells constituted only a small fraction of cells within the
glucagon-expressing population at E12 (Fig. 1D). Double
labeling (Fig. 1G) also showed that all the P2X; receptor—
expressing cells (Fig. 1F) were glucagon positive (Fig. 1E).
Some of the glucagon-expressing cells, however, were P2X,
receptor—negative (Fig. 1G). At this stage, a small number of
islet cells were observed coexpressing P2X; receptors and
insulin, whereas some populations expressing either P2X;
receptors or insulin only were also identified (Fig. 1J).

At El14, expression of glucagon and insulin was
detected. Unlike E12, where all the insulin-expressing cells
were glucagon immunopositive, cells that express insulin but
not glucagon first appeared at this stage (Figs. 2A—C). All the
glucagon-immunoreactive cells showed complete colocaliza-
tion with the P2X; receptor (Figs. 2D-F). Similar to that
observed at E12, some but not all of the P2X; receptor—ex-
pressing cells were colocalized with insulin-immunopositive
cells. Cells expressing either P2X receptors or insulin were
also observed.

A sharp increase in the population of insulin-
expressing cells takes place after E14.> At El8, when
insulin-secreting 3 cells became the dominant endocrine cell
type and outnumbered the glucagon-immunoreactive cells
(Figs. 3A-B), the glucagon- and insulin-positive cells were
completely segregated (Fig. 3C). The P2X, receptor was

Glu (E14)

FIGURE 2. Immunohistochemical staining of

P2X; receptors, glucagon, and insulin in islets of the
E14 pancreas. Glucagon-expressing cells (red) (A),
insulin-expressing cells (green) (B), and
colocalization (yellow) of glucagon- and
insulin-expressing cells (C). Note the cells expressing
insulin only (arrowhead) and glucagon and

insulin coexpressed cells (arrows). The P2X,
receptor-immunoreactive cells (red) (D),
glucagon-expressing cells (green) (E), and
colocalization of P2X; receptors and glucagon
(yellow) (F). The P2X; receptor-immunoreactive cells
(red) (G), insulin immunostaining (green) (H), and
colocalization of P2X; receptors (I) with insulin
(yellow). Note cells expressing insulin only
(arrowhead) and P2X; receptors only (asterisk). Scale
bar, 100 pwm.
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expressed in the glucagon-expressing islet cells, indicated by
colocalization of P2X receptors and glucagon (Figs. 3D-F).
Glucagon-positive, P2X; receptor—negative cells, although
present, were very rare (Fig. 3F). At this stage, none of the
insulin-expressing cells were P2X; receptor immunopositive
(Figs. 3G-1).

DISCUSSION

The current study used a double immunohistochemical
method to examine the expression of ATP-gated P2X,
receptors in glucagon- and insulin-expressing cells during
early development in the rat pancreas. Glucagon and insulin
are secreted hormonal peptides and are common markers
for a cells and B cells, respectively, in both adult and
embryonic islets in pancreas. Surprisingly, we found that
the P2X; receptor, which has previously been shown to be
expressed specifically in glucagon-expressing cells in
postnatal and in adult pancreas,'® was detected as early as
at E11, the stage at which pancreatic cells are still glucagon
and insulin negative. The early appearance of P2X,
receptor immunoreactivity before glucagon expression
indicates that expression of the P2X; receptor does not
require the presence of glucagon. Whether or not the P2X,
receptor participates in regulation of glucagon expression,
however, is not known. Subsequent expression of the P2X,
receptor was shown to be largely associated with glucagon-
positive cells, but some insulin-staining cells also expressed
P2X; receptors. Eventually, P2X; receptor expression was
only detected in mature « cells containing glucagon.'®
Whether P2X; receptors are involved in apoptotic death of
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pancreatic cells would need further experiments, investigat-
ing the staining of apoptotic markers.

It has been shown that the early islet cell population
(before E14-E15) consists of glucagon-positive cells and
glucagon/insulin-coexpressing cells.” Our present study and
also other reports>?!?2 show that all insulin-expressing
cells before E14 belong to the glucagon/insulin-coexpres-
sing cell subpopulation. Our results also show that the P2X5
receptor was expressed in both glucagon-positive and
glucagon/insulin-coexpressing cells. In view of the finding
in the adult pancreas that the P2X; receptor was restricted
to mature « cells that secrete glucagon only,'®'? the
expression of the P2X; receptor in glucagon/insulin-
expressing cells seems to be novel. It is, however, known
that although the glucagon-positive cells will give rise to
the mature « cells, the glucagon/insulin-expressing cells
will not give rise to any of the mature « or B cells,”> which
are thought to be eliminated by apoptosis. Whether the
P2X; receptor is involved in the elimination of the
glucagon/insulin-expressing cells through apoptosis needs
further investigation, but the finding that P2X5 receptors are
not found in all of the glucagon/insulin-expressing cells and
are observed in glucagon-positive cells indicates that the
involvement of the P2X; receptor in the pancreatic cell
death is highly unlikely.

Previous studies demonstrated the first appearance of
ultrastructurally recognizable B cells with a characteristic
insulin-positive and glucagon-negative immunoreactivity at
El14 to E15.° Our present study also found that the insulin-
positive and glucagon-negative cells first appeared at E14.

© 2007 Lippincott Williams & Wilkins
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FIGURE 3. Immunohistochemical staining of P2X;
receptors, glucagon, and insulin in islets of the E18
pancreas. Glucagon-expressing cells (red) (A),
insulin-expressing cells (green) (B), and
colocalization of glucagon and insulin (yellow) (C).
The P2X; receptor-immunoreactive cells (red) (D),
glucagon-expressing cells (green) (E), and
colocalization of P2X; receptors and glucagon
(yellow) (F). Note the sparse colocalization of

P2X; receptors and glucagon. The P2X;
receptor-immunoreactive cells (red) (G),
insulin-expressing cells (green) (H), and
colocalization of P2X; receptors and insulin (I). Note
that none of the P2X; receptor—expressing cells are
colocalized with insulin-expressing cells. Scale bar,
100 pm.

In summary, we have shown that the expression of the
P2X; receptor early in the embryonic pancreas, even before
expression of hormone peptides, suggesting that expression of
P2X; receptors did not depend on the presence of glucagon.
Subsequent expression was detected in islet cells expressing
different endocrine markers. Thus, the P2X receptor seems
to be one of the earliest markers during islet cell development.
The transient expression of P2X; receptors in the glucagon
and insulin coexpressing cells offers additional insight into
whether ATP is involved during pancreatic development, in
addition to its role in modulating insulin secretion.
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