
Introduction
It is well known that intracellular calcium ions are

very important for a large range of cellular processes,
including muscle contraction, hormonal secretion,
and cell division, because they act as vital intracellular
second messengers (1,2). In contrast to intracellular
calcium, extracellular calcium is maintained at a
nearly constant physiological concentration and is
rigidly controlled by homeostatic mechanisms in the
healthy body (3). In 1993 Brown et al. (4) first
reported an extracellular calcium-sensing receptor
(CaSR) in the bovine parathyroid gland and proved

that it belongs to the G-protein-coupled receptor
superfamily that includes 8 metabotropic glutamate
receptors (mGluR1-8) and 2 γ-aminobutyric acid
receptor subunits (GABAB1 and GABAB2).
Moreover, to date, all cloned CaSRs have had a
common overall topology that includes a very large
(∼600 amino acids) NH2-terminal extracellular
domain (ECD) and a central core of some 250 amino
acids with 7 predicted transmembrane domains
(TMDs) (4-8). The molecular identification of the
extracellular calcium-sensing receptor  has opened up
the possibility that Ca2+ might also function as a
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messenger outside the cell. (2,4). Through the CaSR
the parathyroid gland maintains serum calcium
concentrations within a very narrow physiological
range by modulating the minute-to-minute release of
parathyroid hormone (PTH) into the circulation (7).

Since Brown et al. (4) first cloned and
characterized the CaSR from the bovine parathyroid
gland in 1993, CaSRs from diverse species, including
mammals, birds, amphibians, and reptiles, have been
reported and characterized (6,9-15). It has also been
shown that the CaSR is expressed in multiple tissues,
including such calcium homeostasis tissues as the
parathyroid gland, kidney, intestine, and bone, as well
as in non-calcium-homeostasis tissues, such as the
brain, pancreas, lungs, stomach, and cardiovascular
system (14,16-20). Recent research focused on the
role of the CaSR as a regulator of parathyroid
hormone synthesis and secretion, as well as systemic
calcium homeostasis; however, to date, the
physiological function of the CaSR in non-calcium-
homeostasis tissues has remained obscure.

It is thought that the chicken may be a useful
model for studying calcium homeostasis because of
the extremely rapid initial growth of the skeleton and
massive calcium turnover during eggshell formation,
in which the CaSR may play a key role (21).
Clarification of the mechanisms underlying these
biological processes requires detailed study of CaSR
expression and tissue distribution in chickens. The
present study aimed to analyze CaSR expression and
tissue distribution in chickens based on
semiquantitative reverse-transcription PCR. The
results might contribute to the elucidation of the
CaSR’s biological function in systemic calcium
homeostasis and non-calcium-homeostasis tissues.

Materials and methods
Animals 
The study included 5 high-yield laying chickens

obtained from a local farm. The chickens were
sacrificed according to the humane practices of
animal care established by the China Agricultural
University Standing Committee on Animals. Tissues,
including the heart, liver, spleen, lungs, kidneys, small
intestine, pancreas, stomach, parathyroid gland,
oviduct, and brain, were harvested and immediately
stored at –70 °C until use.

RNA extraction and reverse transcription 
To determine if CaSR mRNA is expressed in

different tissues total RNA in the tissues was isolated
with TRIzol® reagent (Invitrogen), according to the
manufacturer’s instructions. The quality and quantity
of total RNA obtained were estimated by agarose gel
electrophoresis and UV spectrophotometry. The
OD260:OD280 ratio of total RNA from different
tissues was 1:81, 1:85, 1:82, 1:91, 1:90, 1:87, 1:84, 1:93,
1:89, 1:81, and 1:86 for the heart, liver, spleen, lungs,
kidneys, small intestine, pancreas, stomach,
parathyroid gland, oviduct and brain, respectively. To
prevent genomic DNA contamination of the RNA
preparation, 2 U RNAse-free DNase (TaKaRa) was
added to each RNA sample and incubated at 37 °C for
30 min. Next, 10 μL of DNase inactivation reagent was
added and incubated for 2 min at room temperature
to inactivate the DNase. Subsequently, total RNA (10
μL) was used for single-strand cDNA synthesis in a
reaction volume of 25 μL, using 2 μL of 50 pmol oligo
(dT)15 primers (TaKaRa). After denaturation at 70 °C
for 5 min, 5 μL of M-MLV RT 5 × reaction buffer, 1 μL
(200 U) of M-MLV reverse transcriptase (Promega), 1
μL of ribonuclease inhibitor, 4 μL of 10 mM dNTPs
(TaKaRa), and 2 μL of nuclease-free water were
sequentially added, and incubated at 42 °C for 1 h.
The reverse transcriptase was inactivated by heating at
95 °C for 5 min.

PCR analysis 
Based on the reported sequence of the chicken

CaSR gene (GenBank accession: XM_416491) and β-
actin (GenBank accession: L08165), specific primers
were designed and synthesized for CaSR and β-actin
using Primer v.5.0 software (Table 1). In order to
compare the level of CaSR mRNA expression in the
different tissues studied β-actin was used as an
internal control under the same RT-PCR conditions. 
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Table 1. Sequence of primers used in RT-PCR.

Primer Sequence Accession
number

CaSR F ACGCTTTCAAGGTGGC XM_416491
CaSR R GGGCTGGATGCTGTCTG XM_416491
β-actin F ACACGGTATTGTCACCAACT L08165
β-actin R TAACACCATCACCAGAGTCC L08165 



The expected fragments were 400 bp and 263 bp,
respectively. The resultant first-strand cDNA was then
used as a template for the PCR procedure. PCR was
carried out in a total volume of 25 μL of a buffer
solution containing the following: 5 μL of cDNA
(template), 2.5 μL of 10 × PCR buffer, 0.5 μL of
forward primer, 0.5 μL of reverse primer, 3 μL of 2.5
mM dNTPs, 0.5 μL of Taq polymerase (TaKaRa), and
13 μL of ddH2O. The final mixture for both CaSR and
β-actin were run for 30 PCR cycles (94 °C for 40 s, 58
°C for 40 s, and 72 °C for 45 s), followed by a 10-min
final extension at 72 °C. As a negative control, the
cDNA template was replaced with an equivalent
amount of water. Expected fragments were purified
with a DNA fragment purification kit and ligated into
the pMD18-T vector via a T-A cloning strategy
(TaKaRa). Competent cells were then transformed
and plated on ampicillin-containing agar.
Transformed cells were identified after overnight
growth at 37 °C using colony PCR. 

The presence of a 400-bp fragment was indicative
of a positive clone. Plasmid from positive colonies was
extracted and used as a template for further PCR
identification and sequencing. PCR products were
electrophoresed in 2% agarose gel and target bands
were analyzed using image analysis software
(QUANTITY ONE, Bio-Rad). The abundance ratio
of the target gene and β-actin was considered to be
the relative quantity of the gene. Statistical
significance of differences in CaSR mRNA between
different tissues was analyzed by Duncan’s multiple
comparisons. The level of significance was set at P <
0.05. Data are expressed as mean ± SD. SAS v.8.02
(SAS Institute, Cary, NC, USA) was used to perform
all calculations. 

Results
RT-PCR analysis of CaSR mRNA expression in

different tissues 
In order to determine if CaSR was expressed in

different tissues we used a pair of specific primers, as
mentioned above, based on the reported chicken
CaSR gene sequence. The results showed that the
expected fragment was not identified in the heart,
liver, spleen, lungs, pancreas, stomach, or negative
control. However, as shown in Figure 1, reverse
transcription and PCR amplification of total RNA
with CaSR-specific primers in the parathyroid gland,
kidneys, small intestine, oviduct, and brain yielded the
expected 400-bp product corresponding to the CaSR
gene, and the RT-PCR product was detected in 2%
agarose gel. These results indicate that CaSR was
expressed to a greater degree in the parathyroid gland,
kidneys, and small intestine than in the oviduct and
brain (Table 2 and Figure 2) (P < 0.05), suggesting a
different level of expression in these 5 tissues. 
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Figure 1. Tissue expression of CaSR mRNA. PG- Parathyroid
gland, K- Kidney, SI- Small intestine, O- Ooviduct, B-
Brain.

Table 2. Expression of calcium-sensing receptor mRNA in different tissues in chicken (n = 3).

Tissue

Parathyroid gland Kidney Small intestine Oviduct Brain

Expression levels 0.52 ± 0.03a 0.51 ± 0.03a 0.32 ± 0.02b 0.28 ± 0.02c 0.27 ± 0.03c

Note. The numbers in the table indicate: mean ± SD (sample size). The same letters following values indicate that the differences were
not significant (P > 0.05). Different letters indicate that the differences were statistically significant (P < 0.05). Statistical significance of
differences of CaSR mRNA between different tissues was analyzed by Duncan’s multiple comparisons. 



Nucleotide sequencing of the RT-PCR product
Sequence analysis (Figure 3) of the 400-bp PCR

products obtained from the parathyroid gland,
kidneys, small intestine, oviduct, and brain revealed
that these cDNAs shared 100% homology with each
other and the corresponding region of the reported
CaSR cDNA.

Discussion
In the present study we demonstrated the presence

and tissue distribution of the extracellular calcium-
sensing receptor in chickens based on a
semiquantitative RT-PCR. The present results
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Figure 2. Expression of calcium-sensing receptor mRNA in
different tissues in chicken.

Figure 3. Nucleotide sequences of the CaSR RT-PCR products amplified from parathyroid gland, kidney, small intestine, oviduct, and
brain. Forward and reverse primer sequences are shown in the boxes.



corroborate those of Diaz et al. (11). It has also been
reported that the chicken parathyroid CaSR shares a
high degree of homology (84% amino acid identity)
with the human CaSR and exhibits a similar topology
(11). Our data show that the specific fragment of
CaSR from the parathyroid gland, kidneys, small
intestine, oviduct, and brain share 100% homology
with each other and the corresponding region of the
reported CaSR cDNA. This shows that CaSR is rather
conservative in different tissues as well as in different
species, as it has a similar biological function.

In mammals the parathyroid gland, intestine,
bones, and kidneys play a pivotal role in systematic
calcium homeostasis by means of the CaSR (22-24).
Most recent studies have focused on the molecular
mechanisms of the CaSR in regulating PTH secretion,
renal function, and maintenance of a stable serum
calcium concentration (24-28). To date, the
physiological function of CaSR in calcium
homeostasis tissues has been well understood;
however, recent research shows that CaSR is present
in many non-calcium-homeostasis tissues, such as the
brain, pancreas, lungs, stomach, skin, prostate, and
cardiovascular system (14,16,17,19,20,25,29).
Nevertheless, the biological function poorly
understood. A growing body of evidence suggests that
most tissues that do not participate in systemic
calcium homeostasis might participate in the
regulation of “local” calcium homeostasis within their
immediate microenvironments via cell surface CaSR,
and that they adjust the translocation of either ion so
as to adjust the local ionic composition in a
physiologically relevant manner (6). 

In the present study we identified the presence of
CaSR mRNA in the brain and oviduct (as non-
calcium-homeostasis tissues), in addition to the
kidneys, small intestine, and parathyroid gland;
expression of CaSR mRNA in the brain suggests that
CaSR may be associated with neuronal activity by
acting as a local signal for cells within specific
microenvironments (30). To the best of our
knowledge the avian eggshell is formed during the
passage of the egg through the oviduct. Most calcium
deposition in the eggshell occurs during this time
(21); the presence of CaSR mRNA in the oviduct
indicates that CaSR probably plays a key role in this
process, although the molecular mechanism
underlying this remains to be elucidated.

In conclusion, extremely rapid initial growth of the
skeleton, and massive spatial and temporal calcium
turnover during eggshell formation makes the
chicken a useful model for studying calcium
homeostasis (21); however, CaSR gene expression and
tissue distribution, the relationship between CaSR
gene expression and PTH secretion, and calcium
homeostasis have not been fully elucidated. Thus, the
present results should contribute to our
understanding of these mechanisms.
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