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Abstract
In this study, the distribution patterns of P2X1 to P2X7 receptors in the anterior pituitary cells of rat were studied with single-,
double-, and triple-labeling immunofluorescence, combined method of immunofluorescence and in situ hybridization, and
Western blot. The results showed that the expression level of the P2X4 receptor protein was highest, followed by P2X5,
P2X3, P2X2, P2X6, and P2X7 receptor proteins, but no P2X1 receptor protein was detected. Strong P2X4 receptor-
immunoreactivity was detected in almost all the anterior pituitary cells. Different combinations of P2X receptors were detected
in each individual cell type of the rat anterior pituitary. Gonadotrophs express P2X4, P2X5, and P2X6 receptors. Corticotrophs
express P2X3 and P2X4 receptors. Folliculo-stellate cells express P2X2 and P2X4 receptors, and somatotrophs, lactotrophs, and
thyrotrophs express only P2X4 receptors. The macrophages with Iba-1-ir expressed P2X7 receptors. The possible functions of
these P2X receptors in each individual cell type of the rat anterior pituitary are discussed.
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Introduction

The pituitary gland is often referred to as the “master” endo-
crine organ of the body. It is located at the base of the brain.
The gland consists of two major parts: anterior pituitary
(adenohypophysis) and posterior pituitary (neurohypophysis).
The main cellular components of the anterior pituitary are
lactotrophs, somatotrophs, corticotrophs, gonadotrophs, and
thyrotrophs. These cells release prolactin (PRL), growth hor-
mone (GH), adrenocorticotropic hormone (ACTH), follicle-

stimulating hormone (FSH)/luteinizing hormone (LH), and
thyroid-stimulating hormone (TSH), respectively. These hor-
mones have very important functions in lactation in females;
muscle and bone growth; maturation of sexual organs; and
hormone release of adrenal cortex and growth of the thyroid
gland and release of its hormone [2, 4, 5, 8].

There is increasing evidence to show that extracellular pu-
rines and pyrimidines via P2X and P2Y receptors, as well as
adenosine via P1 receptors, have important physiological
functions in the regulation of anterior pituitary cell secretions.
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Using cell calcium measurement techniques, preliminary
characteristics of purine receptors in adenohypophysis cells
were determined and all the secretory cells have functional
purine receptors [3, 6, 9, 12, 14].

To our knowledge, there is no detailed morphological
data of P2X receptor subunit expression on anterior pitu-
itary cells. In this study, localization of expression of the
seven P2X receptor subunits on the rat anterior pituitary
cells was systematically studied using immunofluores-
cence, in situ hybridization, and Western blot techniques.
The results show that the expression levels of the P2X4
receptor were highest, followed by P2X5, P2X3, P2X2,
P2X6, and P2X7 receptors. Strong P2X4 receptor-
immunoreactivity (-ir) was detected in almost all the an-
terior pituitary cells. P2X5 and P2X6 receptor-ir were
detected in LH and TSH cells; P2X3 receptor-ir was de-
tected exclusively in the ACTH cells; P2X2 receptor-ir
was detected in the majority of folliculo-stellate cells.

Materials and methods

Animals and tissue preparation

All experimental procedures were approved by the
Institutional Animal Care and Use Committee at the
Second Military Medical University. Five Sprague
Dawley rats were used. Animals were anesthetized by
intraperitoneal injection with pentobarbital sodium and
perfused through the aorta with a 0.9% NaCl solution
and 4% paraformaldehyde in 0.05 mol/L phosphate
buffer, pH 7.4 (PBS). The pituitaries were dissected
out and re-fixed in 4% paraformaldehyde in PBS over-
night, then transferred to 25% sucrose in PBS and kept
in this solution until they sank to the bottom.
Thereafter, the segment blocks were rapidly frozen and
crosscut sections (20 μm in thickness) were cut with a
Leica cryostat and floated in PBS.

Table 1 Primary antibodies used in this study

Primary antibodies Host company Catalog no. Dilution

IF TSA WB

P2X1 Rabbit Alomone APR-001 1:200 1:4000 1:1000

P2X2 Rabbit Alomone APR-003 1:200 1:4000 1:1000

P2X3 Rabbit Roche 1:400 1:8000 1:1000

P2X4 Rabbit Santa Cruz ARP-002 1:400 1:8000 1:1000

P2X5 Rabbit Boster PB0339 1:500 1:8000 1:1000

P2X6 Rabbit Alomone APR-013 1:200 1:4000 1:1000

P2X7 Rabbit Alomone APR-004 1:400 1:8000 1:1000

ACTH Rabbit Sigma A1927 1:600 1:10000

TSH Rabbit Chemicon AB976 1:400 1:10000

S-100 Mouse Abcam ab4066 1:200

Iba-1 Rabbit Wako 17919741 1:1000

Digoxigenin Mouse Jackson 200–002-156 1:200

GAPDH Mouse Beyotime AG019 1:1000

Table 2 GH and PRL oligonucleotide probe sequences

Gene Probe Sequences 5′-3′ GenBank accession

GH antisense 1 Dig-GGGCATGGCAGGGAAAGCACCAGCCTCTTGAGGCCACAGCAGGCAGAGC U62779.1

GH antisense2 Dig-GCTGGGCCTCCTCCTTGCCGGTGGGGGCTGGGATGGTCTCTGAGAAGCAG U62779.1

GH sense 1 Dig-GCTCTGCCTGCTGTGGCCTCAAGAGGCTGGTGCTTTCCCTGCCATGCCC U62779.1

GH sense2 Dig-CTGCTTCTCAGAGACCATCCCAGCCCCCACCGGCAAGGAGGAGGCCCAGC U62779.1

PRL antisense 1 Dig-CCGGGCTGACACTTGGCTGTTCATGGTGATGACCACTGGGACCACACTTC NM_012629.1

PRL antisense2 Dig-CCGGGAGAGGTGTCTGGCAGTCGCCACCAGAACAGACTGGCAGG
GTCTGC

NM_012629.1

PRL sense 1 Dig-GAAGTGTGGTCCCAGTGGTCATCACCATGAACAGCCAAGTGTCAGCCCGG NM_012629.1

PRL sense2 Dig-GCAGACCCTGCCAGTCTGTTCTGGTGGCGACTGCCAGACACCTCTCCCGG NM_012629.1
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Immunohistochemistry

Table 1 shows the primary antibodies used in this study.
As most of the primary antibodies are from the same host

(rabbit), the double- or triple-labeling immunofluorescence
protocol was used and modified based on previous reports
[11, 15]. The protocol was as follows: endogenous peroxidase
was blocked by 1% H2O2 in PBS for 30 min. The sections
were pre-incubated in 10% normal horse serum (NHS), 0.2%
Triton X-100 in PBS for 30 min, followed by incubation with
the P2X antibodies in antiserum solution overnight at 4 °C.
Subsequently, the sections were incubated with biotinylated
donkey anti-rabbit IgG (Jackson ImmunoResearch
Laboratories) at a dilution of 1:500 in PBS containing 1%
NHS for 1 h. The sections were then incubated in extravidin
peroxidase (Sigma) diluted 1:1000 in PBS for 30 min at room
temperature. P2X receptor-ir was visualized by the TSA
(Tyramide Signal Amplification) fluorescein system
(NEL701, NEN, USA). After visualization, the sections were
incubated with the second primary antibodies, and S100 and
Iba-1 in antiserum solution overnight at 4 °C. Subsequently,
the sections were incubated with Cy3-conjugated donkey anti-
rabbit (Jackson ImmunoResearch Laboratories) diluted 1:400
in antiserum solution for 1 h at room temperature. All the
incubations and reactions were separated by 3 × 10 min
washes in PBS.

As the specific antibodies for growth hormone (GH) and
prolactin (PRL) could not be obtained for this study, sense–

and antisense digoxigenin–labeled oligonucleotide probes
were synthesized (Sagon, Shanghai, China). The sense and
antisense nucleotide sequences are detailed in Table 2. In situ
hybridization was carried out using the following protocol.
The sections were heated in 0.01 mol/l citrate buffer pH 6.8
in a 92 °C water bath for 15 min then allowed to cool to room
temperature in the same buffer. The sections were rinsed in
PBS for 3 min 2 ×, then incubated in 0.25% acetic anhydride
with 0.1 M triethanolamine (pH 8.0) for 10 min at room tem-
perature, followed by washing in 2 × saline sodium citrate
(SSC) for 10 min. Digoxigenin-labeled oligonucleotides
(0.5 μg/ml) of either antisense or sense probe was added to
the hybridization solution containing 50% formamide, 10%
dextrans-sulphate, 0.3 M NaCl, 1 × Denhardt’s solution,
0.05 M Tris-HC (pH 8.0), 1 mM EDTA, and 250 μg/ml
Herring sperm DNA (Sigma). Hybridization was carried out
for 12–16 h at 45 °C in a hybridization oven. The sections
were washed in 4 × SSC for 20 min, in 2 × SSC for 20 min, in
1 × SSC for 20min, and in 0.1 × SSC for 20 min at 37 °C. The
following methodwas used to detect hybridization signals and
P2X receptors. Endogenous peroxidase was blocked by 3%
H2O2 in PBS for 30 min. The sections were pre-incubated in
10%NHS, 0.2%Triton X-100 in PBS for 30min, followed by
incubation with two primary antibodies (mouse anti-
digoxigenin IgG and one of the P2X receptor antibodies) di-
luted in antibody dilution solution overnight at 4 °C.
Subsequently, the sections were incubated with two secondary
antibodies of biotinylated donkey anti-rabbit IgG for P2X and

Fig. 1 Western blot analysis of
P2X receptor expression in the
anterior pituitary. a Lane P2X1 to
P2X7 are the results detected by
P2X1 to P2X7 antibodies,
respectively, lane M is the
molecular weight marker, note
that a strong immunostained band
was detected by the P2X4
antibody, followed by the P2X5,
P2X3, P2X2, P2X7, and P2X6
receptor antibodies, no band was
detected by P2X1 receptor
antibody. b Lane P2X1 to P2X7
are the results of the antibody pre-
absorption control experiments
for P2X1 to P2X7, note that no
bands were detected. c The band
density ratio of each P2X receptor
over GAPDH
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Cy3-conjugated donkey anti-mouse IgG (Jackson
ImmunoResearch) for digoxigenin in PBS containing 1%
NHS for 1 h. The sections were then incubated in extravidin
peroxidase (Sigma) diluted 1:1000 in PBS for 30 min at room
temperature. P2X receptor subunit-ir was visualized by the
TSA Fluorecein system. All the incubations and reactions
were separated by 10 min × 3 washes in PBS. Some sections
were counter-stained with 5 μg/ml Hoechst 33342.

Triple-labeling immunofluorescence was carried out to de-
tect P2X5 and P2X6 and LH or P2X5, P2X6, and TSH in the

same section at the same time. Firstly, the TSA fluorescein
system was used to detect P2X6 receptors. The protocol was
as follows: endogenous peroxidase was blocked by 3% H2O2

in PBS for 30 min. The sections were pre-incubated in 10%
NHS, 0.2% Triton X-100 in PBS for 30 min, followed by
incubation with the P2X6 receptor antibody in antibody dilu-
tion solution overnight at 4 °C. Subsequently, the sections
were incubated with biotinylated donkey anti-rabbit IgG in
PBS containing 1% NHS for 1 h. The sections were then
incubated in extravidin peroxidase (Sigma) diluted 1:1000 in

Fig. 2 Expression of P2X1 to
P2X7 receptor-ir (red) in the rat
anterior pituitary. a to f P2X1 to
P2X7 receptor immunoreactive
cells respectively. Note that strong
immunostaining was detected
using the P2X4 receptor antibody,
followed by P2X5, P2X3, P2X6,
P2X2, and P2X7 receptor anti-
bodies. No obvious immuno-
staining was detected by the
P2X1 antibody. g A merged im-
age from f and an image of Iba-1-
ir cells (green) (a macrophage/
microglia marker) in the same
field of f. Note that all the P2X7
receptor reactive cells were la-
beled by Iba-1-ir. All scale bars =
120 μm
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PBS for 30 min at room temperature. P2X6 receptor-ir was
visualized by the TSA Fluorecein system. All the incubations
and reactions were separated by 10 min × 3 washes in PBS.
After P2X6 receptor visualization, the sections were incubated
with 3H2O2 in PBS for 30 min at room temperature to inacti-
vate the activity of the extravidin peroxidase used above, in-
cubated with 1 μm streptoavidin in PBS for 20 min, and with
1 μm biotin for another 20 min to extinguish endogenous
biotin. All the incubations were separated by 5min × 3washes
in PBS. Then the TSA-Cy3 (Tyramdie Signal Amplification-
cyanine 3) system was used to detect P2X5 receptors, the
protocol of which was the same as above. Finally, AMCA-
conjugated Donkey anti-rabbit IgG was used to detect LH or
TSH.

Western blot

Western blot analysis was carried out to further study the ex-
pression of P2X receptors in the rat anterior pituitary. The three
rats were deeply anesthetized by sodium pentobarbital

(60 mg/kg) and killed by decapitation. The anterior pituitaries
were rapidly removed, washed with ice-cold PBS and lysed
with 20 mM Tris-HCl buffer, pH 8.0, containing 1% NP-40,
150 mM NaCl, 1 mM EDTA, 10% glycerol, 0.1%
mercaptoethanol, 0.5 mM dithiothreitol, and a mixture of pro-
teinase and phosphatase inhibitors (Sigma). Protein concentra-
tion was determined by the BCA protein assay method using
bovine serum albumin as a standard (BCA protein assay kit
from beyotime). Protein samples (50 μg) were loaded per lane,
separated by SDS-PAGE (10% polyacrylamide gels), and then
were electrotransferred onto nitrocellulose membranes. The
membranes were blocked with 10% nonfat dry milk in Tris-
buffered saline for 1 h and incubated overnight at 4 °C with
P2X antibodies in 2% BSA in PBS. The membranes were then
incubated with alkaline phosphatase–conjugated goat anti-
rabbit IgG (Sigma) diluted 1:5000 in 2% BSA in PBS for 1 h
at room temperature. The color development was performed
with 400 μg/ml nitro-blue tetrazolium and 200 μg/ml 5-bro-
mo-4-chloro-3-indolyl phosphate in TSM (0.1 mol/l Tris–HCl2
buffer, pH 9.5, 0.1 mol/l NaCl, and 0.05 mol/l MgCl2) in the
dark. Bands were scanned using a densitometer (GS-700; Bio-

Fig. 3 Colocalization of P2X2
receptor-ir (green) with ACTH-ir,
LH-ir, TSH-ir (red), and GH and
PRLmRNA hybridization signals
(red) in rat anterior pituitary. Note
that majority of P2X2 receptor-ir
cells were labeled by S100-ir f, no
P2X2-ir cells were labeled by
ACTH-ir, LH-ir, TSH-ir, and GH
and PRL mRNA hybridization
signals. An arrow indicates a cell
double labeled (yellow) with
P2X2-ir and S100-ir. All scale
bars = 120 μm
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Rad Laboratories). Western blot analysis was repeated three
times with different rat pituitary extracts.

Control experiments were carried out as follow: at first, the
P2X antibodies were diluted in antibody solution as Table 1, then
their own peptides were added separately (5 μg/ml), and incu-
bated at 4 °C overnight. Afterwards, control experiments for
immunofluorescence and Western blot were carried out by pre-
absorbing the antibodies with the individual peptides. A further
negative control was carried out by omitting the primary antibod-
ies. No staining was observed in the control preparations.

Quantitative analysis

Quantitative analysis for the P2X receptors immunostaining in
the anterior pituitary was performed as follows: five random
fields (each area was 0.36 mm2) for one section were chosen
and the number of positive cells was counted and expressed as
the positive cell numbers/mm2. Five fields for each of the five
sections from each of the five rats were used. The mean num-
ber of positive cells/mm2 from each rat was calculated and

expressed as mean ± standard error of the mean (n = number
of rat).

Photomicroscopy

Images were taken with a Nikon digital camera DXM1200
(Nikon, Japan) attached to a Nikon Eclipse E600 microscope
(Nikon). Images were imported into a graphics package
(Adobe Photoshop).

Results

Using Western blot techniques, the protein bands for
P2X2–P2X7 receptors, but not for P2X1, were detected
in the rat anterior pituitary extracts. Among these seven
receptors, P2X4 receptor protein had the highest expres-
sion level, the band being very strong, with a molecular
weight of about 50 kd. The expression level of P2X5
receptor protein was less than the P2X4 receptor

Fig. 4 Colocalization of P2X3
receptor-ir (green) with ACTH-ir,
LH-ir, TSH-ir (red), and GH and
PRLmRNA hybridization signals
(red) in rat anterior pituitary. Note
that all the P2X3 receptor-ir cells
were labeled by ACTH-ir. No
P2X3 receptor-ir cells were de-
tected that were also LH-ir, TSH-
ir, or S100-ir, and GH and PRL
mRNA hybridization signals. An
arrow indicates a cell double la-
beled (yellow) with P2X3-ir and
ACTH in a. All scale bars =
120 μm
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protein, the molecular weight of the band was demon-
strated to be about 52 kd. The expression level of P2X3
receptor protein was less than the P2X5 receptor pro-
tein, the molecular weight was found to be about 44 kd.
P2X2, P2X6, and P2X7 receptor protein expression
levels were similar and lower. The molecular weights
of the bands for P2X2, P2X6, and P2X7 receptor anti-
bodies were about 50 kd, 43 kd, and 70 kd, respectively
(Fig. 1a). The bands for the P2X receptor antibodies
disappeared after the antibodies have been pre-
absorpted by their respective peptides (Fig. 1b), which
indicates that these antibodies specifically recognize the
corresponding protein bands. Figure 1c shows the band
density ratio of P2X receptors over GAPDH. No P2X1
receptor-ir cells were detected in the rat anterior pitui-
tary (Fig. 2a). P2X2-ir receptor cells were generally
ovoid in shape with weak to moderate immunostaining,
some of P2X2 receptor-ir cells were angular in shape
with processes. Double-labeling immunofluorescence
showed that the majority of P2X2-ir cells were also
immunoreactive for S100-ir cells, but none of them

were immunoreactive for ACTH, LH, or TSH in the
anterior pituitary of the rat (Fig. 3). Growth hormone
(GH) and prolactin (PRL) mRNA hybridization signals
were also not detected in the P2X2 receptor-ir cells in
the anterior pituitary (Fig. 3). P2X3 receptor-ir cells
were distributed widely in the rat anterior pituitary
(Fig. 2c). Double-labeling immunofluorescence showed
that all the P2X3 receptor-ir cells were also immunore-
active for ACTH, but none of them were immunoreac-
tive for LH, TSH, and S100. GH and PRL mRNA hy-
bridization signals were also not detected in the P2X3
receptor-ir cells in the anterior pituitary (Fig. 4). P2X4-
ir was detected in almost all the cells in the anterior
pituitary. The boundary between P2X4-ir cells was un-
clear, although some oval-shaped positive cells could be
distinguished (Fig. 2d). Double-labeling immunofluores-
cence showed that almost all of the P2X4 receptor-ir
cells were found to be immunoreactive for ACTH,
LH, and TSH, and also to contain GH and PRL
mRNA hybridization signals (Fig. 5). The majority of
the S100-ir cells were also labeled with P2X4-ir (Fig.

Fig. 5 Colocalization of P2X4
receptor-ir (green) with ACTH-ir,
LH-ir, TSH-ir (red), and GH and
PRLmRNA hybridization signals
(red) in rat anterior pituitary. Note
that the majority of P2X4
receptor-ir cells were labeled by
ACTH-ir, LH-ir, TSH-ir, S100-ir,
and GH and PRL mRNA hybrid-
ization signals, only a few S100-ir
cells were not labeled by P2X4-ir,
indicated by an arrowhead in f.
An arrow indicates a cell double
labeled with P2X4-ir and ACTH,
GH mRNA hybridization signals,
LH-ir, PRL mRNA hybridization
signals, and TSH-ir in a to e, re-
spectively. All scale bars =
120 μm
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5f). Moderate to strong immunostaining of P2X5 recep-
tor cells were found widely in the rat anterior pituitary
(Fig. 2e). All of these P2X5 receptor-ir cells were im-
munoreactive for LH or TSH. The majority of the LH
or TSH-ir cells were immunoreactive for P2X5 (Fig. 6).
No ACTH-ir and S100-ir cells, and GH and PRL
mRNA hybridization signals cells were found to be im-
munoreactive for P2X5 (Fig. 6). Weak to moderate im-
munostaining of P2X6 receptor-ir cells were detected
and scattered in the rat anterior pituitary. The number
of P2X6 receptor-ir cells was relatively low (Fig. 2f).
All of the P2X6 receptor-ir cells were immunoreative
for LH or TSH, but only a minority of the LH or
TSH-ir cells were immunoreactive for P2X6 (Fig. 7).
No ACTH-ir and S100-ir cells, and GH and PRL
mRNA hybridization signals cells were found to be im-
munoreactive for P2X6 (Fig. 7). As P2X5 and P2X6
receptors were found to coexist with LH or TSH, it
implies that P2X5 and P2X6 receptors, and FSH and
TSH may coexist in the same endocrine cells. As such,
triple-labeling immunostaining experiments were carried

out to clarify this issue. The results showed that none of
the P2X5 receptor-ir cells were also labeled by the
P2X6 receptor antibody and vice versa, although both
P2X5 and P2X6-ir cells were labeled by LH or TSH
antibodies (Figs. 8 and 9). Figures 8f and 9f show that
all the LH or TSH-ir cells were labeled by P2X5 and
P2X6 antibodies. Quantitative data of the coexistence
between P2X5 and P2X6 receptor-ir cells, and LH-ir
and TSH-ir cells are summarized in Table 3. Moderate
immunostaining of P2X7 receptors in cells with 2 to 3
long processes were detected widely in the anterior pi-
tuitary, all of them were labeled by Iba-1, but not by
ACTH, LH, TSH, S100, or GH, and PRL mRNA hy-
bridization signals (Fig. 2g, h). Localization of P2X1 to
P2X7 receptor-ir in ACTH-ir LH-ir, TSH-ir, S100-ir,
Iba-1-ir cells, and GH and PRL mRNA hybridization
signals in cells are summarized in Table 4.

Control experiments were also carried out with P2X1
to P2X7 antibodies pr-eabsorbed with P2X1 to P2X7
receptor peptides. No staining was observed in the prep-
arations incubated with antiserum solutions pre-absorbed

Fig. 6 Colocalization of P2X5
receptor-ir (green) with ACTH-ir,
LH-ir, TSH-ir (red), and GH and
PRLmRNA hybridization signals
(red) in rat anterior pituitary. Note
that all P2X5 receptor-ir cells
were labeled by LH-ir or TSH-ir,
and the majority of LH-ir or TSH-
ir cells were also labeled by
P2X5-ir. No P2X5 receptor-ir
cells were detected with ACT-ir,
S100-ir, and GH and PRLmRNA
hybridization signals. An arrow
indicates a cell double labeled
with P2X5-ir and LH-ir or TSH-ir
in c and e, respectively. All scale
bars = 120 μm
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with the P2X1 to P2X7 peptides (supplementary Fig. 1).
No hybridization signals to GH and PRL mRNA were
detected in the sections incubated with sense GH and
PRL oligonucleotide probes (supplementary Fig. 2).

Discussion

In this study, the expression of all seven P2X receptor subunits
and their colocalization with typical pituitary hormone and
stem cell markers were studied systematically in the rat ante-
rior pituitary with single, double, and triple immunofluores-
cence, a combined method of in situ hybridization and immu-
nofluorescence, and Western blot. To our knowledge, this is
the first report of expression of all seven P2X receptor sub-
units in each cell type of the pituitary with immunofluores-
cence in vivo.

The present study showed that the P2X2, P2X3, P2X4,
P2X5, P2X6, and P2X7 receptor subunits were detected in
the anterior pituitary. Corticotroph, gonadotroph,
somatotroph, lactotroph, thyrotroph, and folliculo-stellate

cells (stem cell) in the anterior pituitary expressed at least
one of the P2X receptor subunits. The results presented in this
study were validated by rigorous control experiments.

Few publications about the expression or function of P2X
receptors in corticotrophs of the anterior pituitary could be
found. Previous data showed that ATP and its derivatives in-
duce POMCgene expression in a mouse pituitary corticotroph
cell line and mRNAs for P2X1, P2X3, P2X4, P2X6, P2X7,
P2Y1, P2Y2, P2Y4, A1, and A2A receptors were identified
by RT-PCR in this cell line [18]. In the present study, expres-
sion of P2X3 and P2X4 receptors was identified in
corticotroph cells of the rat anterior pituitary, which further
supported that ATP via P2X3 or P2X4 receptors promotes
the expression of the POMC gene.

No data of the expression and function of P2X receptors in
somatotrophs have been reported. In the present study, P2X4
receptors were detected in GH cells, which implies that P2X4
receptors may have a role, although further experiments will
need to be carried out to confirm this role.

Lactotrophs and GH3 cells were shown to express tran-
scripts for P2X3, P2X4, and P2X7 receptors [6]. A

Fig. 7 Colocalization of P2X6
receptor-ir (green) with ACTH-ir,
LH-ir, TSH-ir (red), and GH and
PRLmRNA hybridization signals
(red) in rat anterior pituitary. Note
that all P2X6 receptor-ir cells
were labeled by LH-ir or TSH-ir,
but only a minority of LH-ir or
TSH-ir cells were also labeled by
P2X6-ir. No P2X6 receptor-ir
cells were detected with ACT-ir,
S100-ir, and GH and PRLmRNA
hybridization signals. An arrow
indicates a cell double labeled
with P2X6-ir and LH-ir or TSH-ir
in c and e, respectively. All scale
bars = 120 μm
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heteropolymeric P2X2 receptor has been claimed to mediate
hormone release from lactotrophs [10]. In the present study,
only P2X4 receptor-ir was detected in lactotrophs, whereas
P2X2, P2X3, and P2X7 receptor-ir were detected in
folliculo-stellate cells, corticotrophs, andmacrophages respec-
tively. The prolactin secretory studies clearly indicate that
P2X4Rs are present in lactotrophs and activation of these
receptors potentiates basal prolactin release [17], the presence
of which are further confirmed by the present study.

Zemkova et al. [17] reported that extracellular ATP
induced an inward depolarizing current in the majority
of thyrotropin-releasing hormone-responsive pituitary
cells, which resembled the current profile generated by
recombinant P2X4 receptors with single-cell patch-clamp
recordings. And they also reported mRNA transcripts for
the P2X4 receptor subunit are the most abundant in rat
anterior pituitary tissue using quantitative RT-PCR, al-
though further studies are needed to clarify whether
thyrotrophs also express P2X4 receptors [17]. In the pres-
ent study, the highest expression level of P2X receptor

protein was for P2X4 receptors, which was expressed in
all the cells examined, including thyrotrophs. So P2X4
receptors may have a functional role in thyrotrophs.

The folliculo-stellate cells are glia-like cells in the anterior
pituitary, which express nervous tissue–specific S100 protein
[7]. The physiological functions of the folliculo-stellate cells
are heterogeneous. They are involved in regulating the activity
of the pituitary endocrine cells, act as immune cells such as
macrophages and dendritic cells, and represent an adult stem
cell population of the pituitary [1]. Previous data showed that
both ATP and UTP increased the intracellular Ca2+ concentra-
tion of primary cultured folliculo-stellate cells of the pituitary
in a concentration-dependent manner in a range between 0.1
and 10 μM. The response was completely suppressed by
thapsigargin, an inhibitor of endoplasmic reticulum Ca2+-
ATPase, and was significantly suppressed by U-73122, an
inhibitor of PLC. These results indicate that ATP increases
the intracellular Ca2+ concentration of folliculo-stellate cells
by activating PLC via P2Y2 receptors [13], previous morpho-
logical data supported this results [16]. In present study, P2X2

Fig. 8 Colocalization of P2X5
receptor-ir (a, red), P2X6
receptor-ir (b, green) and LH-ir
(d, blue) in rat anterior pituitary. c
The merged image from a and b,
note that no P2X5 receptor-ir cells
were labeled by P2X6-ir. e The
merged image from b and d, note
that all the P2X6 receptor-ir cells
were labeled with LH-ir, although
only a minority of LH-ir cells
were labeled with P2X6 receptor-
ir. f The merged image from a, b,
and d, note that all LH-ir cells
were labeled with P2X5 and
P2X6 receptor-ir. No LH-ir cells
were single labeled. An arrow in-
dicates a cell double labeled with
P2X6-ir and LH-ir or P2X5
receptor-ir and LH-ir in e and f,
respectively. All scale bars =
120 μm
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receptor-ir was detected in the folliculo-stellate cells with
S100-ir in the rat anterior pituitary. This result implies that
ATP, released by autocrine or paracrine mechanisms, acting
via P2X2 receptors, is also involved in modulating the activity
of folliculo-stellate cells.

In conclusion, the present study showed that P2X re-
ceptors are widely expressed in the anterior pituitary. All
cell types, corticotrophs, gonadotrophs, somatotrophs,
lactotrophs, thyrotrophs, and folliculo-stellate cells, ex-
press at least one P2X receptor subunit, which implies
that ATP could regulate the functions of these cells; but

so far, functional P2X2 and P2X4 receptor channels have
been documented only in gonadotrophs and lactotrophs,
respectively. Further functional work should be focused
on the identification of other receptor subtypes expressed
in other secretory cell types, as well as in non-secretory
folliculostrellate cells.

Fig. 9 Colocalization of P2X5
receptor-ir (a, red), P2X6
receptor-ir (b, green), and TSH-ir
(d, blue) in rat anterior pituitary. c
The merged image from a and b,
note that no P2X5 receptor-ir cells
were labeled by P2X6-ir. e The
merged image from b and d, note
that all the P2X6 receptor-ir cells
were labeled with TSH-ir, al-
though only a minority of TSH-ir
cells were labeled with P2X6 re-
ceptor-ir. f The merged image
from a, b, and d, note that all
TSH-ir cells were labeled with
P2X5 and P2X6 receptor-ir. No
TSH-ir cells were single labeled.
An arrow indicates a cell double
labeled with P2X6-ir and TSH-ir
or P2X5 receptor-ir and TSH-ir in
e and f, respectively. All scale
bars = 120 μm

Table 4 Coexistence between P2X receptors and pituitary hormones or
S100

P2X ACTH LH GH PRL TSH S100

P2X1 – – – – – –

P2X2 – – – – – +

P2X3 + – – – – –

P2X4 + + + + + +

P2X5 – + – – + –

P2X6 – + – – + –

P2X7 – – – – – –

+ coexistence; − no coexistence

Table 3 Quantitative analysis of the coexistence between P2X5 and
P2X6 receptor-ir cells, and LH-ir and TSH-ir cells (the positive cell num-
ber/0.36 mm2)

Total no P2X5 receptor-ir P2X6 receptor-ir

+ – + –

LH+ 55 ± 6 46 ± 8 8 ± 3 8 ± 3 46 ± 8

TSH 60 ± 9 50 ± 9 10 ± 4 10 ± 4 50 ± 9
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