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A bstract
The calc ium  sensing  receptor (C aSR ) p lays an  
im portant ro le  for sensing local changes in  the  
extracellu lar calc ium  concentration ([C a 2+]o) in  
bone rem odeling. A lthough the function of C aSR  
is  know n, the regulatory m echanism  of C aSR  
rem ains controversial. W e report here the re -
gu latory effect o f caveolin  on C aSR  function as  
a  process of C aSR  regulation  by using the hu -
m an osteosarcom a cell line (Saos-2). The in tra -
cellu lar calc ium  concentration ([C a 2+]i) w as in -
creased by an increm ent of [C a 2+]o. This  [C a2+]i 
increm ent w as inhibited by the pretreatm ent w ith  
N PS 2390, an  antagonist of C aSR . R T-PC R  and  
W estern  b lot analysis  of Saos-2 cells revealed  

the presence of C aSR, caveolin  (C av)-1 and -2 in  
both  m R N A  and protein  expressions, but there  
w as no expression of C av-3 m R N A  and protein  
in  the cells . In  the iso lated  caveolae-rich  m em -
brane fraction from  Saos-2 cells, the CaSR, Cav-1  
and  C av-2 proteins w ere localized  in  sam e frac -
tions (fraction  num ber 4 and  5). The im m uno- 
precip itation experim ent using the respective  
antibodies show ed com plex form ation betw een  
the C aSR  and C av-1, but no  com plex form ation  
o f C aSR  and C av-2. C onfocal m icroscopy also  
supported the co-localization of C aSR  and C av-1  
at the plasm a m em brane. Functionally, the [C a2+]o- 
induced [C a 2+]i increm ent w as attenuated  by the  
in troduction of C av-1 antisense o ligodeoxynu-
cleotide (O D N ). F rom  these results , in  Saos-2  
cells, the function of CaSR m ight be regulated by  
binding w ith Cav-1. Considering the decrem ent of 
C aSR  activity  by antisense O D N , C av-1 up-re -
gulates the function of C aSR  under norm al phy-
sio log ical conditions, and it m ay p lay an  im -
portant ro le  in  the d iverse pathophysio log ical 
processes of bone rem odeling or in  the C aSR - 
re lated d isorders in  the body.

K eyw ords: antisense oligodeoxynucleotides; calcium 
sensing receptor; caveolae; caveolin-1; confocal mi-
croscopy; osteosarcoma cell line

In troduction
Extracellular calcium is essential for a number of vital 
processes, including bone mineralization, blood coa-
gulation, regulation of enzymatic activity, and the 
modulation of permeability and excitability of the plas-
ma membranes. For these reasons, the calcium con-
centration in extracellular fluids is under strict control 
by a complex homeostatic system that includes the 
bones, kidney, intestines, parathyroid and thyroid glands 
(Brown, 1991). The extracellular calcium sensing re-
ceptor (CaSR) is an essential component of this 
system for regulating parathyroid hormone secretion, 
Ca2+ excretion by the kidney and bone remodeling. 
The CaSR belongs to the type III family of G-protein- 
coupled receptors, which comprises the metabotropic 
glutamate receptor and putative vomeronasal organ 
receptors (Brown et al., 1993). Several lines of evi-
dence have suggested that an increase in local 

Calcium sensing receptor forms complex with and is
up-regulated by caveolin-1 in cultured human osteosarcoma
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calcium concentration in the resorption lacunae sup-
presses osteoclastic bone-resorbing activity through 
an increase in intracellular calcium; this is mediated 
through a ryanodine-like receptor (Zaidi et al., 1989; 
1991; 1993; Adebanjo et al., 1994; Shin et al., 2003) 
and the CaSR regulates osteoclastic bone resorption 
(Kameda et al., 1998). 
  Caveolae are plasma membrane organelles that 
are characterized by a low solubility in Triton X-100 
and these are the organelles where specific lipid and 
protein components are subcompartmentalized (Kurz-
chalia and Parton, 1999). Caveolin (Cav), a 21- to 
24-kDa integral membrane protein, is a principal com-
ponent of the caveolae membrane and it exists as 
several isoforms (Cav-1, -2, and -3) (Okamoto et al., 
1998; Kurzchalia and Parton, 1999). Recent studies 
have shown that functional proteins including re-
ceptors are localized in the caveolae by being an-
chored through the caveolins (Li et al., 1995; Garcia- 
Cardena et al., 1996; Couet et al., 1997; Lee et al., 
2001; Cha et al., 2004). In bone, there is no evidence 
of the interaction between caveolin and CaSR, and 
for the regulatory effect of caveolin on CaSR function.
  The purpose of present study, therefore, is to de-
monstrate the relationship between CaSR and ca-
veolins in the osteosarcoma cell line (Saos-2). Our 
results show that CaSR protein is co-localized to-
gether with Cav-1 in the caveolae-rich membrane 
fractions. Immuno-cytochemical confocal microscopic 
examinations supported that CaSR is co-localized with 
Cav-1 in the plasma membrane of Saos-2 cells.

M ateria ls and M ethods
M aterials
The materials used in the present study were pur-
chased from following sources: TRI Reagent and che-
micals used in this experiment from Sigma chemical 
(St. Louis, MO), Reverse transcription-polymerase 
chain reaction (RT-PCR) related materials from TaKaRa 
Korea Biomedical Co (Seoul, Korea), materials for cell 
culture from Gibco BRL (Grand Island, NY), Fura-2/ 
AM from Molecular Probe (Oregon), Polyclonal rabbit 
anti-rat CaSR from Affinity BioReagents (Deerfield, 
IL), monoclonal Cav-1, -2 and -3 antibodies from 
Transduction Laboratories (Lexington, MS), scrambled 
and antisense oligodeoxynucleotides from GenoTech 
Corp. (Taejeon, Korea), TA-cloning vector was from 
Invitrogen Co. (Carlsbad, CA) and secondary anti-
bodies were from Jackson Immunoresearch (West 
Grove, PA).

C ell culture
Saos-2 cell line (ATCC number HBT-85) was pur-
chased from American Type Culture Collection. Cells 
were incubated in a humidified atmosphere of 5% 
CO2 in air at 37oC. Basal medium was DMEM 
supplemented with 10% FBS, 100 U/ml penicillin G 
sodium and 100 µg/ml streptomycin.

M easurem ent of [C a2+]i

[Ca2+]i was measured using the method previously 
described (Cha et al., 2000; Rasheed and Saeed, 
2004). Cells were harvested and seeded on to a 22
×22 cover glass at a concentration of 104 cells/dish 
on the two days before conducting the experiment. 
The cover glass was attached to a 1-cm2 area at the 
bottom of 35-mm plastic culture dishes. Cells were then 
washed with modified Hanks' solution consisting of (in 
mM): NaCl, 127; MgSO4, 0.8; KH2PO4, 0.44; NaHPO 4, 
0.33; MgCl2, 1; HEPES, 10; CaCl2, 0.5, pH 7.4. The 
cells were then loaded in fura-2/AM (10 µM) for 30 
min at 37oC. Fluorescence-loaded cells were washed 
three times with the same solution to exclude the 
unloaded fura-2/AM. The fluorescence in Saos-2 cells 
was measured at room temperature using the InCaTM 
Imaging System (Intracellular Imaging Inc., Cincinnati, 
Ohio). The [Ca2+]i was calculated from a standard curve 
generated in situ. Following scrambled and antisense 
oligodeoxynucleotide (ODN) sequences were used; 
scrambled ODN, 5'-CTCGATCCTGACTACTG-3'; Cav- 
1 antisense ODN, ATGTCCCTCCGAGTCTA- 3' (Grif-
foni et al., 2000). 

R T-PC R  analysis
The RT-PCR was performed using total RNA (500 ng) 
by using TRI Reagent sigma-Aldrich (St. Louis, MO). 
RNA was reverse transcribed using 5 U of AMV 
reverse transcriptase XL for 30 min. The prepared 
cDNAs were employed as template for PCR and the 
condition for PCR was as follows; one cycle of 1 min 
at 94oC, 35 cycles each for 30 s at 94oC, 30 s at 
55oC and 90 s at 72oC, and one final cycle of 10 
min at 72oC. The sets of primers used in this experi-
ment for PCR amplification were as follows: CaSR, 
sense 5'-TCAACCTGCAGTTCCTGCTGG-3' and anti-
sense 5'-TGGCATAGGCTGGAATGAAGG-3' (product 
size 318 bp); Cav-1, sense 5'-TCTACAAGCCCAAC-
AACAAGGCC-3' and antisense 5'-TGCACTGAATCT-
CAATCAGGAAGC-3' (product size 360 bp); Cav-2, 
sense 5'-ATGGGGCTGGAGACGGAGAAGG-3' and anti-
sense 5'-ATCCAGATGTGCAGACAGCTGAGG-3' (pro-
duct size 341 bp); Cav-3, sense 5'-TCAAGGATATC-
CACTGCAAGG-3' and antisense 5'-AAGAGTGGGT-
TGCAGAAGGTGC-3' (product size 359 bp). The PCR 
products (15 µl) were then separated in a 1% agarose 
gel electrophoresis and stained with ethidium bromide.

W estern b lot analysis
The Saos-2 cells were washed with cold phosphate- 
buffered saline (PBS, pH 7.4) and harvested. Subse-
quently, the cells were homogenized in 9 volumes of 
0.3 M sucrose, 0.26 U/ml aprotinin, 0.1 mM phenyl-
methylsulfonyl fluoride, 10 µg/ml leupeptin, and 10 µg/ 
ml trypsin inhibitor, with 10 strokes of a motor-driven 
Teflon/glass hemogenizer. The homogenate was cen-
trifuged for 10 min at 8,000 rpm, and the supernatant 
was centrifuged further for 20 min at 8,000 rpm. The 
supernatant was centrifuged for 40 min at 45,000 
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rpm, and the membrane pellet was re-suspended in 
0.25 M sucrose, 100 mM KCl, 5 mM MgCl2, and 50 
mM Tris (pH 7.4). The protein samples were heated 
at 100oC for 10 min in sample buffer and subjected 
to 10% SDS-polyacrylamide gel electrophoresis. The 
separated proteins were transferred electrically to a 
Hybond-P polyvinylidene difluoride transfer membrane 
(Amersham Pharmacia Biotech). This membrane was 
blocked with solution of 5% non-fat dried milk. Mem-
brane was then incubated with CaSR antibody (1: 
200), caveolin antibodies (1:200) for 1 h at room 
temperature and then incubated further with the hor-
seradish peroxidase-conjugated secondary antibody 
(1:3,000) for another 1 h at room temperature. After 
washing, the membrane was visualized by the ECL 
kit (Amersham Pharmacia Biotech. Buckinghamshire, 
UK).

Preparation of caveolae-enriched m em brane
fractionation
Caveolae-rich membrane fraction from Saos-2 cells 
was fractionated using sucrose gradient ultracentri-
fugation (Liou et al., 2001). In brief, Saos-2 cells were 
homogenized in 2 ml of lysis buffer (10 mM Tris-HCL, 
pH 7.5, 150 mM NaCl, 5 mM EDTA, 1 mM phenyl-
methylsulfonyl fluoride, 10 µg/ml leupeptin, 10 µg/ml 
trypsin inhibitor, and 1% Triton X-100) followed by 
sonication. The homogenate was brought to 40% 
sucrose by addition of an equal volume of 80% 
sucrose and loaded in an ultracentrifuge tube. A 
discontinuous sucrose gradient was layered on top of 
the sample by placing 4 ml of 30% and 4 ml of 5% 
sucrose, respectively. After centrifugation at 200,000
×g for 16-20 h at 4oC, the twelve 1-ml fractions from 
the top to the bottom were collected. Each fraction 
was analyzed by Western blot for its CaSR and Cav-1 
using specific antibodies, respectively. 

Im m uno-precip itation
The lysates of Saos-2 cells were incubated with anti-
bodies specific for CaSR, Cav-1, and Cav-2 or a 
pre-immune rabbit or mouse IgG at a final concen-
tration of 4 µg/ml for 4 h at 4oC. Protein-A-Sepharose 
was then added for 2 h at 4oC. Thereafter, the sam-
ples were centrifuged and the pellets were washed 
4 times with RIPA buffer (150 mM NaCl, 1 mM EDTA, 
1% triton X-100, 1% NP-40, 0.05% SDS, and 10 mM 
Tris; pH 8.0) and then prepared for the Western blot 
analysis by boiling in the sample buffer to determine 
whether interactive binding has occurred between 
CaSR and caveolins. 

C onfocal m icroscopy
The cultured Saos-2 cells on cover slips were fixed 
with 95% ice-cold ethanol for 10 min at room tem-
perature and permeabilized by 0.1% Triton X-100 
solution in PBS (10 min, room temperature). The 
nonspecific binding sites were blocked with 10% goat 
serum in PBS for 30 min in room temperature. 

Polyclonal CaSR antibodies (1:200), and Cav-1 (1:50) 
were treated to the fixed cells for 1 h in room tem-
perature. Secondary antibodies without prior antibody 
treatment were also included as controls. After wash-
ing, cells were double stained with FITC- and Texas 
Red-conjugated secondary antibodies for 30 min. 
After washing, samples were examined both at the 
green- and red-wavelengths under a Bio-Rad MRC 
1,000 confocal microscope. More than 50 cells have 
been inspected per experiment and the photos of 
cells with typical morphology and staining are pre-
sented.

Statistical analysis
Statistical analyses were performed using the ANOVA 
test for multiple comparison and a P value＜0.05 was 
considered significantly different.

R esu lts
Expression of CaSR and caveolins in Saos-2 cells
In order to identify levels of CaSR and caveolins 
(mRNAs and proteins) within Saos-2 cells, RT-PCR 
and Western blot analysis were performed. As shown 
in Figure 1A, the expressions of Cav-1 and Cav-2 
mRNA in the Saos-2 cells were observed at almost 
the same degree. The expression of CaSR mRNA 
was also detected. As shown in Figure 1B, protein 
expressions of CaSR, Cav-1 and Cav-2 were ob-
served. The Saos-2 cells did not express mRNA or 
the protein of Cav-3 (Figure 1A and 1B). The iden-
tities of PCR product were confirmed by nucleotide 
sequencing after subcloning to TA-cloning vector 
(data not shown). 
  In order to functionally demonstrate the existence 
of CaSR in Saos-2 cells, the [Ca2+]i increment by 
increment of the extracellular calcium concentration 
was measured. When [Ca2+]o was changed from 0.5 
mM to 5 and 10 mM, the [Ca2+]o-mediated [Ca2+]i was 
increased in a concentration-dependent manner. The 
basal level of [Ca2+]i was 83.2 ± 6.1 nM and peak 
values of [Ca2+]i were 195.6 ± 10.3 nM ([Ca2+]o = 5 
mM) and 289.3 ± 9.6 nM ([Ca2+]o = 10 mM). As 
shown in Figure 1C, fura 2 fluorescence showed a 
transient increase to a peak within 1 min after adding 
extracellular calcium and the fura 2 fluorescence de-
creased until a steady level was reached at between 
90-150 s after the peak. This [Ca2+]o-stimulated [Ca2+]i 
increment was significantly attenuated in a concen-
tration-dependent manner (1 and 10 µM) by the 
pretreatment for 2 min with NPS 2390 (Figure 1C), 
which is an antagonist of CaSR. 

C o-localization of C aSR  and caveolins in  the
caveolae-rich m em brane fraction or co-precipitates
by their antibodies
Figure 2A shows the results of Western blot analysis 
using the antibodies of CaSR, Cav-1, Cav-2 or Cav-3 



94  Exp. Mol. Med. Vol. 37(2), 91- 100, 2005

on the caveolae-enriched membranous fractions ob-
tained from the sucrose density gradient centrifuga-
tions of Saos-2 cells. In the membrane fractions of 
Saos-2 cells, both Cav-1 and Cav-2 proteins were 
observed mainly in the fractions number 4 and 5. In 
these fractions, Cav-3 protein was not observed 
(Figure 2A). In addition, CaSR protein was observed 
along with Cav-1 and Cav-2 in the same fractions 
numbered 4 and 5 (Figure 2A).
  To determine whether there is a direct binding 
between the CaSR and caveolins, the cell lysates of 
Saos-2 were initially immuno-precipitated with the 
antibodies directed against CaSR, Cav-1 or Cav-2. 
Subsequently, the obtained precipitates were elec-
trophoresed by SDS-PAGE and the separated pro-
teins were electrically transferred to a membrane. The 
formations of complexes between the CaSR and Cavs 
were analyzed by Western blot analysis using desi-
gnated antibodies. The CaSR or Cav-1 proteins did 
not precipitate with the control IgG (Figure 2B and 
2C, designated none). As shown in Figure 2B, the 
presence of CaSR and Cav-1 complex was detected 
upon precipitation with CaSR antibody (left panel of 
Figure 2B). The presence of CaSR and Cav-1 com-
plex could also be detected following precipitation with 
Cav-1 antibody (right panel of Figure 2B). Although 
Cav-2 protein was co-localized in the same fractions 
with the CaSR protein, formation of CaSR and Cav-2 
complex was not detected (Figure 2C).

C onfocal m icroscopy for determ ining the
localization of C aSR  and C av-1
Considering the experimental results of Figure 2, an 
immuno-cytochemical experiment using confocal mi-
croscope was performed to confirm the localization of 
CaSR and Cav-1 in the Saos-2 cells. Saos-2 cells 
were separately treated with the antibody for CaSR 
or Cav-1. This was followed by double staining with 
Texas Red (CaSR) and fluorescein isothiocyanate 
(Cav-1) antibodies. The green fluorescent Cav-1 
stains were localized to the plasma membrane (Figure 
3A). The red fluorescent CaSR stain was also 
localized to the plasma membrane (Figure 3B). Image 
overlays showed that both CaSR and Cav-1 are 
co-localized to the plasma membrane (orange color) 
(Figure 3C). To exclude any non-specific binding, the 
single effect of secondary antibodies was tested. No 
immuno-reactivity to the secondary antibodies was 
observed (Figure 3D and 3E).

The effect o f C av-1 antisense O D N  on C aSR - 
m ediated [C a2+]i changes
  To investigate the functional interaction of Cav-1 on 
CaSR function, the effect of Cav-1 on CaSR activity 
in Saos-2 cells was examined by employing an 
antisense ODN technique. The basal [Ca2+]i levels of 
scrambled or antisense ODN-treated cells were bet-
ween 70 to 85 nM. When the cells were treated with 
Cav-1 scrambled ODN, the [Ca2+]o (5 mM)-induced 

F ig u re  1 . Expression of CaSR and Caveolins (mRNAs and proteins),
determination of [Ca2+]o-mediated [Ca2+]i increment and antagonistic 
effect of NPS 2390 on CaSR-mediated [Ca2+]i increment in Saos-2 cells.
(A) Messenger RNA expression of CaSR and caveolins in Saos-2 cells.
Total RNA (500 ng) isolated from Saos-2 cells was reverse transcribed
and polymerase chain reaction was performed 35 cycles. PCR products
were separated using 1%  agarose gel and stained with ethidium 
bromide. (B) Isolated membrane protein (30 µg/lane) was separated by
electrophoresis and presence of each CaSR and caveolins were 
detected with respective antibodies. Data was shown typical result from
three independent experiments. (C) Cells were loaded in fura-2/AM (10
µM) for 30 min at 37oC. Fluorescence-loaded cells were washed three
times with the same solution to exclude the unloaded fura-2/AM. The
fluorescence in Saos-2 cells was measured at room temperature using
the InCaTM Imaging System. Calcium concentration of extracellular 
m ilieu was changed from 0.5 mM up to 10 mM. NPS 2390 (1 or 10
µM) was pretreated for 2 m in prior to increase extracellular calcium 
concentration. Arrow represents the time point of NPS 2390 treatment.
Data was shown typical result from three independent experiments.
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net [Ca2+]i increment was slightly decreased, but this 
change was not significant (113 ± 12.2 nM vs. 93.7 
± 26.1 nM for the treated versus the untreated cells, 
respectively) (Figure 4A). In contrast, for the result 
using antisense ODN, the peak value of the [Ca2+]i 
increment caused by [Ca2+]o (5 mM) was decreased 
by about 30% compared to that of the control (113 
± 12.2 nM vs. 31.6 ± 2.7 nM, respectively) (Figure 
4B).

D iscussion
The results obtained in the present study demonstrate 
that some portion of the CaSR protein in bone related 
cells (Saos-2) is bound to Cav-1, and the bound com-
plex is localized in the caveolae-enriched plasma 
membrane fraction. Several lines of evidences we 
have provided in the current study support this con-
clusion: 1) RT-PCR and immuno-blot analysis indi-
cated that CaSR, Cav-1 and Cav-2 are present in the 
Saos-2 cells and they are all co-localized in the cav-

eolae-enriched membrane fraction, 2) the results of 
cross-over immuno-precipitational experimentations 
show that the CaSR formed a bound complex with 
Cav-1, but not with Cav-2, and 3) the overlaid confo-
cal microscopic immuno-cytochemistry images of CaSR 
and Cav-1 show that at least a portion of the CaSR 
is co-localized with Cav-1 in the plasma membrane.
  Bone is an integral component of the Ca2+ homeo-
static system. Functional and molecular biological 
data have demonstrated the existence of CaSR in 
bone. In osteoclasts, changes in [Ca2+]o alter the cells' 
morphology and inhibit bone reabsorption, while in 
osteoblasts, raising the [Ca2+]o induces a proliferative 
response (Brown, 1991). Recent works have indicated 
that the osteoblast-derived cell lines MC3T3-E1, UMR- 
106, Saos-2 and MG-63 also express CaSR mRNA 
and protein, and that CaSR agonists stimulate che-
motaxis and proliferation (Yamaguchi et al., 1998a; b; 
2001). In spite of those reports, investigation on the 
relationship between CaSR and caveolins in oste-
oblast-derived cells can not be found. Thus, in this 
study, we first looked into the expressional patterns 

F ig u re  2 . Co-localization of CaSR and
caveolins in the caveolae-rich mem-
brane fraction or co-precipitates by their
antibodies. (A) The membrane fractions
were isolated from Saos-2 cells using
the sucrose density gradient centrifu-
gations. Fractions obtained from Saos-2
cells were subjected to W estern blot 
analysis with respective antibodies. B 
and C. The lysates of Saos-2 cells 
were immuno-precipitated initially with 
antibodies of CaSR or caveolins and 
the respective immuno-precipitated (IP)
proteins (15 µg) were loaded onto each
lane of a 10% SDS-polyacrylamide gel.
After separation of the proteins by 
electrophoresis and transferring the 
separated proteins to a membrane, the
membrane was immuno-blotted (IB) 
using the indicated respective anti-
bodies. (B) Cell lysates were immuno-
precipitated initially CaSR or Cav-1 
antibody. (C) Cell lysates were im-
muno-precipitated initially CaSR or Cav-2
antibody.
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of CaSR and caveolins in osteoblast-derived cells, the 
Saos-2 cell line. As shown in Figure 1C, the [Ca2+]o- 
stimulated [Ca2+]i was increased by [Ca2+]o in a dose- 
dependent manner and this increment was attenuated 
by NPS 2390 treatment in a concentration-dependent 
manner (Van Wagenen et al., 2000). In addition, 
RT-PCR and W estern blotting analyses showed that 
CaSR, Cav-1 and Cav-2 mRNA and their proteins 
were expressed in Saos-2 cells, while expression of 
Cav-3 was not observed (Figure 1). These results 
showed that Saos-2 cells expressed CaSR and they 
are a useful cell line in characterization for CaSR. 
  Caveolae were originally described in endothelial 

cells as the flask-shaped vesicular invaginations in the 
plasma membrane, and they are rich with cholesterol, 
glycosphingolipids and sphingomyelin, and they are 
not solubilized by detergents. Membrane receptor 
associated signaling molecules like the G-protein, Src 
family kinases, endothelial nitric oxide synthase and 
Ha-Ras are known to be anchored to caveolae via 
the caveolins, and the caveolae have been implicated 
to function as the portals for signal transduction and 
for vesicular transport processes (Lisanti et al., 1994; 
Couet et al., 1997). In the bone, osteoblast cells play 
an important role in bone remodeling. They have 
many functional proteins related to bone metabolism 

Fig ure  3 . Confocal microscopy of Saos-2 cells immuno-cytochemically stained with CaSR
and Cav-1 antibodies. Cells were double stained with fluorescein isothiocyanate- and 
Texas Red-conjugated secondary antibodies after an initial treatment with either CaSR 
(1:200) or Cav-1 (1:50) antibodies separately and then examined under a confocal 
microscope at their respective wavelengths. For each experiment, a least 50 cells were 
examined and the presented images represent typical staining pattern for the majority
of examined cells. A, Cav-1; B, CaSR; C, merged image of A and B; D and E, stained
only with secondary antibodies without the prior treatment of either CaSR or Cav-1 
antibodies to show the images of non-specific bindings.
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(Lisanti et al., 1994; Hikiji et al., 2004; Kondo and 
Togari, 2004; Tanimoto et al., 2004; Urano et al., 
2004). In this connection, osteoblast cells are known 
to contain many receptors and membrane associated 
signal molecules like the G-protein, protein kinase C 
and protein kinase A, among others. These mem-
brane associated signaling molecules are known to 
contain a common amino acid sequence motif (i.e., 
φXφXXXXφ  or φXXXXφXXφ , in which φ  designates 
aromatic amino acids like Trp (W), Phe (F) or Tyr (Y), 
and X can be any amino acids) that recognizes the 
scaffolding domains that are present in the caveolins. 
Generally, the functions of these signal molecules 
contained in caveolae are known to be inhibited upon 
binding to the caveolins via the scaffolding domains. 

In a recent study, we have reported the up-regulatory 
effect of caveolin on the sodium-calcium exchanger 
1 (Cha et al., 2005). As shown in Figure 5, a scan 
of the CaSR primary amino acid sequence indicated 
that two potential caveolin-binding motifs are located 
at amino acids 629-637 (FVLGYFIKF) and 801-809 
(FNEAKFITF). They are located at near the cyto-
plasmic face of the plasma membrane. These binding 
motifs are also well conserved those in rat and mouse 
CaSR.
  Caveolin also receives effect of phospholipase C 
(PLC). Among the PLC isoforms, PLCγ1 signaling 
occurs in caveolae (Jang et al., 2001). CaSR is also 
related with PLC. Chang and co-workers (Chang et 
al., 2000) have reported that second and third in-
tracellular loops of the CaSR is coupled with PLC. 
CaSR belongs to the type III family of G-protein- 
coupled receptors, which comprises the metabotropic 
glutamate receptor and putative vomeronasal organ 
receptors (Brown et al., 1993). When scanned the 
amino-acid sequences consisting of third intracellular 
loop of CaSR and mGluR1-8, high level of amino-acid 
homology (67 to 85%) was appeared. The cavolin- 
binding motif (801-809) was just fitted to this site. This 
fact strongly suggests that this site is Cav-1 binding 
motif of CaSR and probably CaSR function is 
regulated via PLC signaling pathway.
   As shown in Figure 2A, even though CaSR, Cav- 
1 and Cav-2 were co-localized in same caveolae- 
enriched fraction, Cav-2 was not directly bound with 
CaSR (Figure 2C). This result was also confirmed by 
confocal microscopy (data not shown). In the case of 
Cav-1, similar results were also obtained from cul-
tured bovine parathyroid cells, human parathyroid 
adenoma and CaSR-transfected HEK 293 cells (Kifor 
et al.,1998; 2003a; b). The interaction between CaSR 
and Cav-3 is at present unknown. Especially, future 
study on CaSR's interaction with caveolin-3, which is 
known to be muscle specific, will be necessary, be-
cause the calcium ion is very important in performing 
the contractile function of skeletal muscle and smooth 
muscle. 
  In order to demonstrate the relationship between 
CaSR and Cav-1, we investigated functional [Ca2+]i 
increments stimulated by [Ca2+]o by using human 
Cav-1 scrambled or antisense ODNs in Saos-2 cells. 
Although there were no detectable changes of the 
CaSR mRNA or protein expression with treatments 
using scrambled or antisense ODNs (data not shown), 
the increase of [Ca2+]i was significantly inhibited by 
treatment with antisense ODN, but not with scrambled 
ODN. Mice lacking the Cav-1 gene by excision of the 
exon-3, which encodes the transmembrane domain, 
show the complete absence of caveolae in all ob-
served organs, lung, adipose tissue, diaphragm, kid-
ney and heart (Drab et al., 2001). It has been re-
ported that the Cav-2 transcript was still present, but 
the protein could not be detected. Because Cav-1 and 
Cav-2 form hetero-oligomers (Scheiffele et al., 1998), 
Cav-2 may degraded in the absence of Cav-1. When 
the role of Cav-1 in knockout mice was investigated, 
the calcium-dependent contractile response of arteries 

F ig u re  4 . Effect of Cav-1 antisense ODN on [Ca2+]o-mediated [Ca2+]i
by CaSR in Saos-2 cells. Saos-2 cells grown on cover slips were
introduced scrambled and antisense ODN (1 µM) for 24 h by Lipofect
amine. The cells were then loaded with fura-2, and observed by 
fluorescent digital imaging. Extracelluar calcium concentration was 
changed from 0.5 mM to 5 mM after being stable in basal level of
[Ca2+]i. A. Typical signaling of [Ca2+]i increment stimulated by [Ca2+]o
(5 mM) in non-treated, scrambled or antisense ODNs treated Saos-2
cells. B. The effect of scrambled or antisense ODNs on [Ca2+]i increase
by [Ca2+]o. The values of bar graphs were presented by mean ±
standard errors of 11-15 cells/test of independent 3 experiments. 
ANOVA test were employed for statistical difference among groups.
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to angotensin II, endothelin-1 and phorbol ester was 
attenuated (Escriche et al., 2003). This result sug-
gests Cav-1 may be concerned with physiological 
phenomena that are related to calcium homeostasis 
in the body. Considering our experimental result using 
antisense ODN, Cav-1 bound with CaSR up-regulates 
the function of CaSR.
  In speculation, another possible regulatory mecha-
nism of caveolin for the function of receptor related 
with caveolin was the internalization of the caveolin- 
anchored receptor proteins (Okamoto et al., 2000; 
Escriche et al., 2003). There are many reports on 
receptor internalization by the activation of protein 
kinase C (PKC) (Mundell et al., 2003; Montiel et al., 
2004; Saito et al., 2004). The tyrosine or serine re-
sidue of Cav-1 was also phosphorylated down stream 
of the signal transduction pathway of ligand-stimulated 
receptor or that induced by stress (Maggi et al., 2002; 
Sanguinetti et al., 2003). It is interesting that the likely 
candidates for the caveolin-binding motif in CaSR are 
located closely near the PKC site (Figure 5). Even 
though in speculation, the relationship between PKC 
and caveolin will be concerned for functional re-
gulation of CaSR. The study on internalization of 
CaSR by caveolin-l phosphorylation that was followed 
by autocrine or paracrine stimulation by its ligand will 
be necessary.
  In conclusion, we report here on the protein-protein 
interaction of CaSR and Cav-1. CaSR and Cav-1 are 
co-localized in the caveolae of the plasma membrane 
and they form a protein-protein complex. The [Ca2+]o- 
stimulated [Ca2+]i increment is up-regulated by Cav-1 
under normal physiological conditions. It is necessary 
to investigate the regulatory mechanism of caveoin-1 

on caveolin phosphorylation and the internalization or 
recycling of caveolae, and so forth. Informations from 
this current study might help give us some important 
clues on the pathological and/or physiological pro-
cesses of bone remodeling or on the CaSR related 
disorders in the body.
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