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Abstract Clinical studies have been performed to deter-
mine the effect of cinacalcet HCl (cinacalcet), an allosteric
modulator of the calcium-sensing receptor (CaR), on pri-
mary hyperparathyroidism (PHPT) and secondary hyper-
parathyroidism of uremia (SHPT). However, no in vitro
studies on human parathyroid cells have been reported to
date. In this study, the inhibitory effect of cinacalcet on
PTH secretion was analyzed in primary cultured parathy-
roid cells obtained from patients. The investigation in-
volved three PHPT and three SHPT patients subjected to
therapeutic parathyroidectomy. Notably, all SHPT patients
were resistant to intravenous vitamin D analogue therapy.
Removed parathyroid tumors were used for immunohis-

tochemistry and parathyroid cell primary culture. Immuno-
histochemical analyses revealed diminished expression of
CaR and vitamin D receptor (VDR) in all parathyroid
tumors. PTH secretion from cultured parathyroid cells of
PHPT and SHPT patients was suppressed by extracellular
Ca2+ and cinacalcet in a dose-dependent manner. Rates of
suppression of PTH secretion in PHPT and SHPT by
cinacalcet (1000nmol/l) were 61% ± 21% and 61% ± 19%,
respectively. Cinacalcet demonstrates significant potency in
the suppression of PTH secretion in primary cultured hu-
man parathyroid cells in vitro, despite reduced levels of the
target protein, CaR. Data from this in vitro analysis support
the clinical application of cinacalcet in PHPT and SHPT
therapy.

Key words calcimimetics · calcium-sensing receptor (CaR) ·
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Introduction

Primary hyperparathyroidism (PHPT) and secondary hy-
perparathyroidism of uremia (SHPT) are common causes
of parathyroid disease, characterized by hypersecretion of
parathyroid hormone (PTH) with sporadic parathyroid
tumors. Although the consequent genomic alterations are
distinct between parathyroid adenomas of PHPT and
uremia-associated parathyroid tumors [1,2], a common fea-
ture of the two tumor types is the diminished expression of
vitamin D receptor (VDR) [3] and calcium-sensing receptor
(CaR) [4]. The circulating PTH concentration is tightly
regulated by the extracellular calcium ion (Ca2+) concentra-
tion via CaR, a G-protein-coupling receptor [5] expressed
in parathyroid cells. Reduced CaR expression in parathy-
roid glands leads to an abnormal relationship between
serum Ca2+ and PTH response, as observed in primary
hyperparathyroidism model mice [6].

Cinacalcet HCl (cinacalcet), an allosteric modulator of
CaR, suppresses PTH secretion in patients with secondary
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hyperparathyroidism on maintenance dialysis. Cinacalcet, a
calcimimetic compound [7], inhibits PTH secretion with no
severe side effects in patients with PHPT [8,9] and SHPT
[10,11]. A suppressive effect of cinacalcet on the serum
PTH level was observed in cultured bovine parathyroid
cells [7] as well as primary hyperparathyroidism model mice
[12] displaying remarkably diminished parathyroid gland
CaR expression [6]. However, no studies on the effect of
cinacalcet on human parathyroid cells have been reported
to date. Notably, expression of CaR, a target molecule of
cinacalcet, is reduced in parathyroid cells obtained from
PHPT and SHPT patients.

In this study, we demonstrate a direct suppressive effect
of cinacalcet on PTH secretion in vitro from human
parathyroid cells exhibiting pathologically diminished CaR
expression.

Materials and methods

Materials

Cinacalcet HCl, N-[(1R)-1-(naphthalen-1-yl)ethyl]-3-[3-
(trifluoromethyl)phenyl]propan-1-amine monohydrochlo-
ride, and its enantiomer, (S)-1493, were generated by Kirin
Brewery (Takasaki, Japan). NPS Pharmaceutical (Salt Lake
City, UT, USA) kindly provided the anti-CaR 4638
polyclonal antibody. The anti-PTH antibody was purchased
from Santa Cruz Biotechnology (Santa Cruz, CA, USA)
and the antivitamin D receptor (VDR) antibody from
Neomarkers (Neomarkers, Fremont, CA, USA).

Patients

Our study included three patients with PHPT and three
with SHPT who underwent therapeutic parathyroidectomy
at Osaka City University Hospital or Shirasagi Hospital
between April 2003 and November 2003. All PHPT partici-
pants met the criteria for therapeutic parathyroidectomy
as outlined in the practice guidelines of the Consensus
Development Conference at NIH [13]. Single parathyroid
adenomas were removed from the PHPT patients. All
SHPT patients were resistant to intravenous vitamin D ana-
logues such as 22-oxacalcitriol. The SHPT patients also met
the criteria for therapeutic parathyroidectomy as outlined
in the K/DOQI guidelines [14]. Subjects provided written
informed consent before participation, which was approved
by the Institutional Ethics committees of Osaka City Uni-
versity Graduate School of Medicine and Shirasagi Hospital
and conducted in accordance with the principles of the Dec-
laration of Helsinki. Blood samples were obtained from
PHPT patients in the morning of the day of the parathy-
roidectomies. Blood samples were obtained from SHPT
patients just before starting hemodialysis sessions on the
day before the parathyroidectomies. No bisphosphonate
was administered to PHPT patients. No SHPT patients
were administered intravenous vitamin D analogues for
more than a month before the parathyroidectomies. Phos-

phate binders were prescribed for patient (Pt.) 4 and Pt. 5 as
calcium carbonate (1500mg/day), and for Pt. 6 as sevelamer
HCl (3000mg/day). Serum and plasma samples were ob-
tained before parathyroidectomy and stored at −80°C until
the assays were carried out.

Parathyroid histology

Immunohistochemistry analyses were performed as de-
scribed previously [12]. Three normal parathyroid glands
resected during thyroid surgery of patients with no parathy-
roid disease were employed as controls. Briefly, parathyroid
tissues were dissected into 3-µm sections, followed by inac-
tivation of intrinsic peroxidase by incubation in 3% hydro-
gen peroxide diluted in methanol. Sections were treated
with skimmed milk to prevent background staining and
incubated with anti-CaR, anti-VDR, or anti-PTH antibody
overnight at 4°C in a humidified chamber. After rinsing,
sections were incubated with biotinylated secondary
antibody and peroxidase-conjugated streptavidin, fol-
lowed by visualization using alkaline phosphatase or
diaminobenzidine (DAB) substrate kits (Vector Laborato-
ries, Burlingame, CA, USA), and counterstaining with
hematoxylin.

Immunostaining intensities were estimated by two indi-
viduals blinded to each other and to the diagnosis of
parathyroid tissues specimens, in keeping with a previous
report [12]. CaR and PTH levels were analyzed using Win
ROOF software (Mitani, Fukui, Japan). The positive areas
presented by alkaline phosphatase staining were altered to
red monotone and digitalized as intensities with software.
In this step, the threshold cutoff for the negative staining
area was established as background. The number of cells
expressing VDR antigen was determined by counting a
minimum of 1000 cells per slide using NIH image 1.62
(National Institutes of Health, Bethesda, MD, USA). Gene
expression was randomly analyzed over a minimum of 10
fields.

Human parathyroid culture and PTH secretion assay

Parathyroid glands excised from PHPT patients or the
largest removed glands from SHPT patients were used for
culture. In these cases, parts of gland sections were immedi-
ately fixed in 10% formalin and embedded in paraffin for
pathological diagnosis. Human parathyroid cells were
isolated for primary monolayer cell culture, as described
previously [15], with some modifications [16]. Briefly,
parathyroid tissues were finely minced with scissors, di-
gested for 60min with Ham-F10 medium containing 2.5mg/
ml collagenase P, and then filtered through fine gauze. Cells
were resuspended in Ham-F10 culture medium containing
4% heat-inactivated fetal bovine serum (FBS), 100µg/ml
streptomycin, and 100U/ml penicillin. The Ca2+ concentra-
tion in the culture medium was fixed at 0.5mM. Cells were
plated into culture plates at a density of 80000 cells/cm2.
After overnight culture to allow adherence to plates, cells
were washed twice with phosphate-buffered saline (PBS) to
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remove previously secreted PTH. Following 1h incubation
with fresh medium containing identical concentration of
Ca2+, cinacalcet, or (S)-1493 in the absence of FBS, media
were collected and stored at −20°C until assay for intact
PTH using the Allegro kit (Nichol’s Institute, San
Capistrano, CA, USA).

Statistics

PTH concentrations in the media were expressed as means
± SD of experiments performed in quadruplicate. Multiple
comparisons of dose-dependent PTH secretions were
performed using the nonparametric Dunnett’s test. The
Levenberg–Marquardt algorithm of Kaleidagraph 4.0 (Syn-
ergy Software, Reading, PA, USA) was employed to deter-
mine the IC50 value of PTH secretion in each parathyroid
culture [7].

Results

Clinical data

PHPT patients (cases 1–3) displayed hypercalcemia
with hypophosphatemia, while SHPT patients (cases 4–6)
exhibited normocalcemia with hyperphosphatemia,
which are indicative of typical primary and secondary
hyperparathyroidisms, respectively (Table 1). Serum PTH
levels, employed as diagnostic criteria, were elevated in
both cases, compared to the normal range (below 65pg/ml).
The histology of the excised parathyroid tumors showed
that they were solitary adenomas for all PHPT patients and
multigland hyperplasias for all SHPT patients.

Immunohistochemistry

Immunohistochemical staining of CaR protein revealed cy-
toplasmic localization in all cases (Fig. 1A–C). In PHPT and
SHPT parathyroid glands, CaR expression was significantly

Table 1. Clinical characteristics of patients with hyperparathyroidism

Patient no. Diagnosis Gender Serum I-PTH Serum calcium Serum phosphate Gland weight
(pg/ml) (mg/dl) (mg/dl) (g)

1 PHPT Male 245 11.4 2.5 0.5
2 PHPT Male 162 11.6 2.2 1.9
3 PHPT Female 115 11.6 2.4 0.9
4 SHPT Male 1500 9.0 8.7 2.9
5 SHPT Female 1522 9.6 7.2 1.5
6 SHPT Female 1248 10.4 7.1 2.8

I-PTH, intact-parathyroid hormone; PHPT, primary hyperparathyroidism; SHPT, secondary hyperparathyroidism of uremia

CaR

VDR

PTH

Control PHPT SHPT

G IH

D FE

A CB

Fig. 1. Immunohistochemical
analysis of calcium-sensing recep-
tor (CaR), vitamin D receptor
(VDR), and parathyroid hormone
(PTH). Parathyroid glands were
obtained from control (A, D, G),
primary hyperparathyroidism
(PHPT) (B, E, H), and secondary
hyperparathyroidism of uremia
(SHPT) (C, F, I) samples. Glands
were stained with anti-CaR (A, B,
C), anti-VDR (D, E, F), and anti-
PTH (G, H, I) antibodies. Bars
50 µm
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diminished, compared to controls (Fig. 2A). Immunohis-
tochemical staining for VDR disclosed that the protein is
located mainly in the nucleus, and to a lesser degree, in
cytoplasm (Fig. 1D–F). Analogous to CaR, in both PHPT
and SHPT parathyroid glands, VDR expression was signifi-
cantly reduced, compared to the control (Fig. 2D). In con-
trast, PTH expression was not altered among the three
sample types (control, PHPT, and SHPT) (Fig. 1G–I).

Effects of extracellular Ca2+ and cinacalcet on
PTH secretion

Primary cultured human parathyroid cells were incubated
for 1h with various concentrations of extracellular Ca2+ (0.5,
1.0, 2.0, 3.0mM) and cinacalcet (0, 3, 10, 30, 100, 300,
1000nM), and PTH secretion was assessed. In parathyroid
cells of PHPT and SHPT patients, PTH secretion was sup-
pressed by extracellular Ca2+ in a concentration-dependent

manner (Fig. 3). The rates of inhibition of PTH secretion by
extracellular Ca2+ (3.0mM) were 45% ± 16% and 55% ±
28% in PHPT and SHPT, respectively. Suppression rates
were widely variable in each case, and no trends in the
diagnostic categories assessed were evident. Cinacalcet ad-
ditionally suppressed PTH secretion in a dose-dependent
manner at a fixed extracellular Ca2+ concentration (0.5mM)
(Fig. 4). Rates of suppression by 1000nmol/l cinacalcet were
61% ± 21% and 61% ± 19% in PHPT and SHPT, respec-
tively. Again, suppression rates were widely variable, and
no diagnostic patterns were observed. The suppression
rates obtained with 1000nmol/l cinacalcet were significantly
correlated with extracellular Ca2+ levels (3.0mM) (P =
0.026, R = 0.864). The IC50 values of cinacalcet activity on
PTH secretion were 4, 49, and 3nmol/l in Pt. 1, Pt. 2, and Pt.
3, respectively. IC50 values of 35, 13, and 30nmol/l were
obtained for Pt. 4, Pt. 5 and Pt. 6, respectively. An enanti-
omer of cinacalcet, (S)-1493, did not exert a significant
effect up to a concentration of 1000nM (Fig. 4).

Fig. 2. Quantification of CaR (A)
and VDR (B) expression in par-
athyroid glands. Three parathy-
roid tumors were obtained from
three PHPT and three SHPT
patients each as listed in Table 1.
Three normal parathyroid glands
resected were obtained from
three patients with no parathy-
roid disease during thyroid
surgery. Values represent mean ±
SD. *P < 0.01, **P < 0.001 vs
normal parathyroid gland

Fig. 3. Inhibitory effects of extracellular Ca2+ on PTH secretion in
primary cultured parathyroid cells obtained from PHPT (A; Pt. 1–3)
and SHPT (B; Pt. 4–6) patients. The suppression rates of PTH secre-

tion by extracellular Ca2+ (3.0 mM) were 45% ± 16% and 55% ± 28% in
PHPT and SHPT, respectively. Each point represents mean ± SD of
four separate experiments. *P < 0.01, **P < 0.001 vs Ca 0.5 mM
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Discussion

Our study was designed to evaluate the direct suppressive
effect of cinacalcet on PTH secretion from primary cultured
human parathyroid cells in vitro. Primary cultures were
performed using parathyroid tumors displaying reduced
expression of CaR and VDR. PTH secretion was sup-
pressed in a dose-dependent manner by extracellular Ca2+

or cinacalcet in parathyroid cells obtained from PHPT and
SHPT patients. Cinacalcet demonstrated potency in PTH
suppression in primary cultured human parathyroid cells in
vitro, despite hypoexpression of the receptor.

In this study, all participants met the criteria for thera-
peutic parathyroidectomy in PHPT [13] and SHPT [14]
cases. SHPT patients were resistant to intravenous vitamin
D therapy. Decreased VDR expression was observed in all
parathyroid glands obtained from PHPT and SHPT
patients. Our data are concordant with previous reports
showing reduced VDR expression [3] in parathyroid glands
of PHPT or SHPT patients. Hypercalcemia, a common
feature of refractory SHPT, increases the risk of vascular
calcification accompanied by hyperphosphatemia. Reduced
VDR in parathyroid tumors of SHPT may cause resistance

to vitamin D analogue therapies. Moreover, adaptations
of vitamin D analogue administrations are limited, as
they facilitate the intestinal absorption of calcium and
phosphorus, thus increasing the risk of vascular calcification
[17].

CaR expression was reduced in parathyroid tumors
obtained from both PHPT and SHPT cases, as described
previously [4]. Impaired suppression of PTH secretion by
serum calcium was observed in SHPT [18], possibly because
of decreased CaR expression in parathyroid glands. In this
study, supraphysiological concentrations of extracellular
calcium suppressed PTH secretion in parathyroid cells in
vitro obtained from both PHPT and SHPT patients, indicat-
ing that despite reduced expression, the CaR protein retains
its biological function. Similarly, cinacalcet suppressed PTH
secretion from parathyroid cells of PHPT and SHPT pa-
tients with significantly reduced CaR expression in a dose-
dependent manner in our in vitro experiments. This finding
supports the theory that higher doses of cinacalcet can over-
come severe hyperparathyroidism resulting from dimin-
ished CaR expression in parathyroid tumors, concordant
with in vivo data on primary hyperparathyroidism model
mice [12]. Moreover, its enantiomer, (S)-1493, did not exert
a noticeable suppressive effect compared to cinacalcet. Our

Fig. 4. Inhibitory effect of cinacalcet (�) and its enantiomer, (S)-1493
(�), on PTH secretion in primary cultured parathyroid cells obtained
from PHPT (PT 1–3) and SHPT (PT 4–6) patients. To determine the
IC50 values of cinacalcet activity on PTH secretion, concentration–
response data were fitted to the measured PTH levels in each patient

using the Levenberg–Marquardt algorithm. For PHPT samples, IC50

values were 4, 49, and 3 nmol/l in Pt. 1, Pt. 2, and Pt. 3, respectively; for
SHPT samples, IC50 values were 35, 13, and 30 nmol/l in Pt. 4, Pt. 5 and
Pt. 6, respectively
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results confirm the previous finding that calcimimetic com-
pounds are stereoselective activators of CaR [7].

Interestingly, the IC50 values of cinacalcet-induced sup-
pression of PTH in human PHPT and SHPT parathyroid
cells were comparable to those obtained in normal bovine
parathyroid cells (IC50 = 27nmol/l) [7]. The IC50 values in
abnormal parathyroid cells such as PHPT and SHPT were
expected to be higher than those of normal parathyroid
cells because of the reduced CaR expression in the
abnormal cells. Actually, a negative correlation between
cinacalcet potency and CaR expression in parathyroid
glands has been noted in a mouse model of primary hyper-
parathyroidism in vivo [12]. A limitation of the present cell
culture study is that we were unable to compare the sup-
pressive effect of cinacalcet on abnormal parathyroid cells
displaying reduced CaR expression with its effect on normal
parathyroid cells because normal fresh parathyroid glands
were not available for cell culture.

Our in vitro study highlights the clinical application
of cinacalcet in PHPT and SHPT therapy. Parathyroi-
dectomy is currently the definitive treatment for both
PHPT and SHPT. However clinical applications of this
procedure are limited, as patients generally either refuse,
do not undergo surgery for other reasons, or have difficulty
in detecting enlarged parathyroid glands. The clinical
development of another calcimimetic compound, NPS
R-568, has been discontinued because of its pharma-
cokinetic properties [19]. This compound similarly sup-
pressed the serum PTH level [20] and parathyroid cell
proliferation [20] in vivo in 5/6-nephreectomized uremic
rats. In addition to its inhibitory effects [21], oral adminis-
tration of NPS R-568 upregulated CaR expression in hyper-
plastic parathyroid glands [22]. Further studies on this in
vitro model are required to establish the beneficial effect
of cinacalcet on parathyroid cell proliferation and CaR
expression.

In conclusion, cinacalcet demonstrates potency in sup-
pressing PTH secretion in primary cultured human parathy-
roid cells in vitro, despite diminished levels of CaR, its
target molecule. Our in vitro data support the clinical appli-
cation of cinacalcet in PHPT and SHPT treatment.
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