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Abstract. This study investigated the effects of alendronate 
(ALN) on critical cell factors in osteoclasts. RAW 264.7 cells 
were induced by sRANKL to change to mature osteoclasts. 
On the sixth day of incubation, the osteoclasts were treated 
with ALN at various concentrations and for different incuba-
tion times. The concentration groups included 10-5 M, 10-6 M 
and 10-7 M ALN, respectively. The cells were incubated for 
0 (control group), 2, 4, 6 and 8 h for each dose group. The 
mRNA and protein expression of tartrate‑resistant acid 
phosphatase, carbonic anhydrase II, osteoclast‑associated 
receptor and FAS/FASL genes in osteoclasts was analyzed. A 
concentration- and time‑dependent decrease in the mRNA and 
protein expression levels of the five genes was observed, and 
no significant difference between the two control groups was 
observed (P>0.05). Notably, significant differences between 
any two experimental groups were observed (P<0.05). Thus, 
ALN significantly decreased the expression of critical factors 
involved in osteoclast function.

Introduction

Osteoclasts are involved in bone resorption by releasing 
important cell factors (1‑3). Several important proteins are 
involved in bone remodeling, including tartrate‑resistant 
acid phosphatase (TRAP), which is also a specific marker 
of osteoclasts. Immunohistochemical staining of TRAP is 

one of the most commonly used methods for distinguishing 
osteoclasts from other cell types (4,5). In addition, carbonic 
anhydrase  II (CAII) is involved in the acid demineraliza-
tion of osteoclasts  (6,7). CAII is a metal enzyme that 
possesses one active site containing Zn2+ and catalyzes the 
CO2+H2O↔HCO3

-+H+ reaction. CAII synthesizes H2CO3 by  
combining CO2 with H2O against the concentration gradient, 
which provides an abundance of H+ for the acid demineraliza-
tion of bone tissue. When CAII function is inhibited at the 
protein level or via gene mutation, osteosclerosis may occur. 
Previous studies demonstrated that the osteoclast-associated 
receptor (OSCAR) is involved in a series of osteoclast 
activities including differentiation, maturation and recruit-
ment  (8‑11). Moreover, OSCAR is overexpressed during 
the acute stage of arthritis; however, not during the resting 
stage. The inhibition of the OSCAR function also results in 
a reduction of bone loss. As osteoclasts are a type of termi-
nally differentiated cell, apoptotic mechanisms are critically 
important in the regulation of the cell. The FAS/FASL is an 
important pathway in apoptosis and is critical in osteoclast 
apoptosis (12‑14). The functional expression of TRAP, CAII, 
OSCAR and FAS/FASL in osteoclasts is an important focus 
of current research, and several studies have investigated 
potential inhibitors of these factors as a way of preventing or 
delaying bone loss.

Alendronate (ALN; 4‑amino‑hydroxybutylidene‑bisphos-
phonate) is a third generation bisphosphonate that has been 
shown to be a potent osteoclast inhibitor and treatment with 
ALN results in a reduction of bone loss (15‑20). ALN inhibits 
bone loss by decreasing bone turn‑over, increasing bone mass 
and reducing the number of bone fractures without leading 
to any type of mineralization disorder. However, osteoclasts 
are differentiated cells that cannot be passaged, and therefore 
it is difficult to assess the functions and responses of various 
cell factors on these cells. Thus, the effects of ALN on TRAP, 
CAII, OSCAR and FAS/FASL gene expression in osteoclasts 
remain to be elucidated.

Previously we hypothesized that ALN may exhibit an 
effect on critical factors involved in osteoclast function based 
on the correlation between stress stimuli and osteoclast 
response (4,7). In the present study, the mRNA and protein 
expression of TRAP, CAII, OSCAR and FAS/FASL were 
analyzed in osteoclasts following the treatment of cells with 
ALN at various concentrations and incubation times.
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Materials and methods

In vitro culture of RAW264.7 cells. RAW264.7 cells (ATCC 
TIB-71, Chinese Academy of Medical Sciences, Beijing, 
China) isolated from the murine mononuclear/macrophagic 
system were cultured in Dulbecco's modified Eagle's medium 
(high glucose, no. 21013024, Gibco BRL, Carlsbad, CA, USA). 
When the cells reached 80% confluence, the adherent cells 
were scraped away, using a cell scraper, from the 25 cm2 cell 
culture flask surface (no. 353108, BD Biosciences, Franklin 
Lakes, NJ, USA) and a uniform cell suspension was prepared 
for osteoclast culture.

In vitro osteoclast culture. The RAW264.7 cell suspension 
was seeded in 6‑well plates at a density of 1x104 cells/well. 
The osteoclast induction culture medium contained 80 µg/ml 
soluble recombinant murine soluble receptor activator of NF‑Kβ 
ligand (sRANKL; no. 315-11, Peprotech, Inc., Rocky Hill, NJ, 
USA), 10% fetal bovine serum (no. 16000-044, Gibco BRL), 
100 U/ml penicillin, 100 µg/ml streptomycin and 2 mmol/l 
glutamine. The medium was changed every three days. On 
the sixth day of culture, mature osteoclasts were observed and 
photographed under an inverted microscope and photo system 
(no. IX51-A21PH, Olympus Corp., Tokyo, Japan).

TRAP staining for osteoclast identification. On the sixth day 
of culture, mature osteoclasts were harvested and stained for 
TRAP according to the manufacturer's instructions of the 
TRAP staining kit (no. 387A, Sigma‑Aldrich, St. Louis, MO, 
USA). An inverted microscope and photo system were used to 
observe the stained mature osteoclasts.

Experimental groups. The induced mature osteoclasts were 
incubated with 0 M (control group), 10-7 M (low concentra-
tion), 10‑6  M (medium concentration) and 10-5  M (high 
concentration) ALN (no. 126855-100MG, Molar Mass 325.1, 
Merck KGaA, Darmstadt, Germany) for 2, 4, 6 and 8 h. The 
mRNA and protein expression of TRAP, CAII, OSCAR and 
FAS/FASL were then detected by qPCR and western blot 
analysis for each time point.

qPCR. Primers for the five genes were designed using Primer 
Premier 5.0 software (Premier Biosoft, Palo Alto, CA, USA) 
and then synthesized in the laboratory. The primer sequences 
for the five genes and annealing temperatures are listed 
in Table  I. The reagents included Fermentas RevertAid™ 
First‑Strand cDNA Synthesis kit (no. K1622, MBI Fermentas 
Corp., Hanover, NH, USA), RNA extraction kit (TRIzol, 
no. 15596018, Invitrogen Life Sciences, Carlsbad, CA, USA), 
Taq DNA polymerase (no. B1263, Promega Corp., Beijing, 
China), gel imaging analytical system (no. 2200, Alpha Corp., 
USA), GeneAmp PCR system (no. 9700, Applied Biosystems, 
Foster City, CA, USA) and ultraviolet spectrophotometer 
(no.  DU800, Beckman Coulter Inc., Miami, FL, USA). 
Routine PCR consisted of RNA extraction, first‑strand cDNA 
synthesis, PCR amplification of the target gene fragment, gel 
electrophoresis and imaging. The integrated optical density of 
the electrophoresis strips for the five genes was recorded for 
analysis and DNase treatment of the samples was performed. 
In addition, the amplification was confirmed to be in the linear 

phase when the measurements were taken. The PCR reaction 
conditions were as follows: Initial denaturation at 95˚C for 
2 min, 32 cycles of denaturation at 95˚C for 30 sec, renatur-
ation for 30 sec and extension at 72˚C for 30 sec.

Western blot analysis. The predominant reagents used were 
as follows: 10X Ponceau S (no. P0370, BioHao Corp., China), 
Tris-Glycine buffer (no. 28380, Thermo Fisher Scientific, 
Waltham, MA, USA), Tris‑buffered saline (TBS) solution 
(no. 0788-2PK, Amresco Inc., Solon, Ohio, USA), confining 
liquid (No. PA106-01, Tiangen Corp., Beijing, China), 10X 
TBS with Tween‑20 (TBST) solution (GMS12130, Genmed 
Corp., Zoetemeer, The Netherlands), polyvinylidene fluoride 
(PVDF) membrane (No.  IPVH00010, Millipore, Billerica, 
MA, USA), electrophoretic apparatus (no.  HV164‑5056, 
Bio‑Rad Hercules, CA, USA) and gel imaging system 
(no.  GelDoc2000, Bio-Rad). Osteoclasts were harvested, 
lysed in ice‑cold cell lysis solution (Western lysis buffer, 
no. P0013, Beyotime Biotech, Jiangsu, China) and centrifuged 
at 11,279 x g. The proteins encoded by the five genes were 
quantified by the bicinchonic acid assay method, resolved by 
8-12% sodium dodecyl sulphate‑polyacrylamide gel electro-
phoreses and transferred onto PVDF membranes. Following 
this, antibodies were added and incubated with the proteins, 
which were then washed with TBST and analyzed for the 
detection of the proteins. The primary antibodies used were: 
Anti-TRAP (N-17, no. sc-30832) -OSCAR (M-17, no. sc-34237) 
-CAII (G-2, no.  sc-48351), FAS (5F9, no.  sc-52394, Santa 
Cruz Biotechnology Inc., Santa Cruz, CA, USA) and ‑FASL 
(101624, no. ab10512 Abcam, Cambridge, UK). The antibodies 
were diluted to 1:2000, respectively. The membranes were 
placed into western eluant (no. P0023C, Beyotime Biotech) 
three times for 5 min. Secondary antibodies conjugated to 
horseradish peroxidase were diluted to 1:5000 and washed 
three times for 5 min. Protein bands were detected with an 
electrochemiluminesence kit (no. P0019/P0020, Beyotime 
Biotech).

Statistical analysis. Experiments were performed in triplicate 
for each sample with 3 parallel wells. Data were recorded as 
the mean ± standard deviation. In this study, the data were 
normally distributed. Analysis of variance was used to assess 
statistical differences using SPSS 17.0 software (SPSS, Inc., 
Chicago, IL, USA). P<0.05 was considered to indicate a statis-
tically significant difference.

Results

Observation of RAW264.7 cells in culture. When the 
RAW264.7 cells were seeded, the cells with 1‑2 nuclei initially 
displayed a round or oval shape. Subsequent to 2 days of 
culture in vitro, the RAW264.7 cells grew rapidly and began 
to form colonies. The RAW264.7 cells occupied 80‑90% of 
the flask surface area by the third day of culture in vitro, the 
number and properties of the cells were suitable for their use 
in osteoclast culture.

Observation of sRANKL-induced osteoclasts. Several large 
multinuclear cells were observed by the third day of culture 
when RAW264.7 cells had been treated with sRANKL. By 
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Table I. Annealing temperatures and primer sequences.

Primer name	 Sequence (5'-3')	 Annealing temperature (˚C)	 Amplified length (bp)

Actin	 F-CTAAGGCCAACCGTGAAA
	 R-TGGAAGGTGGACAGTGAG	 60	 724
TRAP	 F-CTCCCACCCTGAGATTTG
	 R-GTTTCCAGCCAGCACATA	 57	 263
CAII	 F-GATTGGACCTGCCTCACA
	 R-ACACCTGGGTCTTGCTTT	 54	 507
OSCAR	 F-TGATTGGCACAGCAGGAG
	 R-AAGGCACAGGAAGGAAATAGAG	 55	 272
FAS	 F-AGGAGGGCAAGATAGATG
	 R-CTGCGACATTCGGCTTTT	 56	 151
FASL	 F-TGGAGCAGTCAGCGTCAG
	 R-ACAGGTGGTGGTGGAGGTG	 56	 245

TRAP, tartrate‑reistant acid phosphatase; CAII, carbonic anhydrase II; OSCAR, osteoclast-associated receptor.

Table II. Relative RNA expression of TRAP, CAII, OSCAR and FAS/FASL genes in osteoclasts at various concentrations and 
administration times of ALN.

	 Expression
	 -----------------------------------------------------------------------------------------------------------------------------------------------------------
			   Low	 Medium	 High
Gene	 Time (h)	 Control	 concentration	 concentration	 concentration

TRAP	 2	 7.510±0.02	 7.413±0.03	 7.313±0.03	 7.273±0.07	 *
	 4	 7.490±0.03	 6.780±0.02	 6.693±0.02	 6.557±0.06	 *
	 6	 7.477±0.02	 6.660±0.06	 6.587±0.15	 6.420±0.04	 *
	 8	 7.453±0.05	 6.657±0.06	 6.523±0.05	 6.390±0.10	 *
	  	 **	 *	 *	 *	
CAII	 2	 7.557±0.04	 7.350±0.04	 7.213±0.03	 7.133±0.04	 *
	 4	 7.487±0.12	 6.907±0.03	 6.813±0.03	 6.760±0.06	 *
	 6	 7.460±0.14	 6.777±0.04	 6.613±0.10	 6.590±0.02	 *
	 8	 7.430±0.13	 6.637±0.05	 6.503±0.03	 6.357±0.05	 *
	  	 **	 *	 *	 *	
OSCAR	 2	 7.420±0.05	 7.347±0.03	 7.290±0.03	 7.257±0.04	 *
	 4	 7.340±0.05	 7.273±0.03	 7.140±0.07	 6.877±0.12	 *
	 6	 7.313±0.42	 7.027±0.03	 6.843±0.08	 6.760±0.04	 *
	 8	 6.900±0.07	 6.613±0.11	 6.520±0.06	 6.447±0.04	 *
	  	 **	 *	 *	 *	
FAS	 2	 7.533±0.06	 7.347±0.05	 7.270±0.04	 7.223±0.10	 *
	 4	 7.523±0.05	 7.277±0.04	 7.183±0.01	 7.083±0.04	 *
	 6	 7.490±0.02	 7.100±0.05	 6.747±0.06	 6.183±0.07	 *
	 8	 7.443±0.03	 6.190±0.02	 6.130±0.02	 6.000±0.10	 *
	  	 **	 *	 *	 *	
FASL	 2	 7.713±0.12	 7.583±0.02	 7.523±0.09	 7.423±0.07	 *
	 4	 7.693±0.12	 6.300±0.03	 6.173±0.03	 6.153±0.02	 *
	 6	 7.667±0.13	 6.280±0.03	 6.167±0.03	 6.040±0.03	 *
	 8	 7.647±0.16	 6.067±0.07	 5.860±0.06	 5.717±0.09	 *
		  **	 *	 *	 *	

Data are presented as the mean ± standard deviation. α=0.05; *P<0.05 and **P>0.05. TRAP, tartrate‑resistant acid phosphatase; CAII, carbonic 
anhydrase II; OSCAR, osteoclast-associated receptor.
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the fifth day, increased numbers of multinuclear cells were 
observed and by the sixth day there were large numbers of the 
cells present. The cells were large and irregular in shape, and 
several nuclei were observed (Fig. 1).

TRAP staining of osteoclasts. The multinuclear cells were 
confirmed to be osteoclasts by TRAP staining features, where 
the cytoplasm was a rose‑pink color and the nuclei appeared 
light yellow (Fig. 2). The nucleoli were also clearly observed.

mRNA expression of TRAP, CAII, OSCAR and FAS/FASL in 
osteoclasts. The mRNA expression of TRAP, CAII, OSCAR 
and FAS/FASL significantly decreased when osteoclasts had 
been exposed to ALN in a dose‑dependent manner for the 
indicated incubation times. In addition, the mRNA expres-
sion of TRAP, CAII, OSCAR and FAS/FASL significantly 
decreased when osteoclasts had been exposed to ALN in a 
time‑dependent manner for the indicated dose concentrations 
(Table II and Figs. 3 and 5; P<0.05). No significant differ-

ence in expression was identified between the control groups 
(P>0.05).

Protein expression of TRAP, CAII, OSCAR and FAS/FASL in 
osteoclasts. The protein expression of TRAP, CAII, OSCAR 
and FAS/FASL significantly decreased when osteoclasts were 
exposed to ALN in a dose‑dependent manner for the indi-
cated incubation times. Furthermore, the protein expression 
of TRAP, CAII, OSCAR and FAS/FASL also significantly 
decreased when osteoclasts were exposed to ALN in a 
time‑dependent manner for the indicated dose concentrations 
(Table III; Figs. 4 and 6; P<0.05). No significant difference in 
expression was observed between the control groups (P>0.05).

Discussion

The inhibitory mechanism of ALN occurs in a number of 
stages. Initially, ALN is selectively enriched in the bone 
tissue due to an infusion of ALN into the cytoplasm, which 

Table III. Protein expression of TRAP, CAII, OSCAR and FAS/FASL genes in osteoclasts at various concentrations and admini
stration times of ALN.

	 Expression
	 --------------------------------------------------------------------------------------------------------------------------------------------------------------
		  Control	 Low	 Medium	 High
Gene	 Time (h)	 concentration	 concentration	 concentration	 concentration

TRAP	 2	 55.167±2.07	 47.433±1.10	 34.337±0.37	 32.633±0.87	 *
	 4	 54.733±2.46	 43.250±0.80	 31.660±0.94	 31.367±1.10	 *
	 6	 53.967±3.10	 41.193±0.88	 30.727±0.80	 29.067±0.41	 *
	 8	 53.600±3.29	 40.440±1.06	 28.943±0.65	 28.543±0.89	 *
	  	 **	 *	 *	 *	
CAII	 2	 265.333±5.50	 235.600±8.66	 220.040±0.80	 183.467±3.53	 *
	 4	 263.333±5.19	 230.177±5.89	 185.173±4.94	 150.567±0.70	 *
	 6	 262.567±5.38	 229.133±5.77	 166.143±3.51	 133.833±1.30	 *
	 8	 261.167±6.63	 186.607±5.30	 142.633±2.95	 124.867±4.82	 *
	  	 **	 *	 *	 *	
OSCAR	 2	 5.863±0.04	 5.567±0.06	 5.210±0.04	 4.853±0.10	 *
	 4	 5.840±0.04	 5.250±0.05	 4.870±0.08	 4.177±0.04	 *
	 6	 5.810±0.05	 5.170±0.04	 4.867±0.06	 3.583±0.34	 *
	 8	 5.757±0.05	 4.753±0.14	 4.637±0.04	 3.937±0.08	 *
	  	 **	 *	 *	 *	
FAS	 2	 6.657±0.08	 6.267±0.04	 6.077±0.04	 5.433±0.05	 *
	 4	 6.620±0.11	 6.203±0.06	 5.903±0.04	 4.600±0.05	 *
	 6	 6.600±0.10	 5.950±0.17	 5.430±0.22	 4.193±0.04	 *
	 8	 6.487±0.17	 5.840±0.31	 5.233±0.09	 3.570±0.03	 *
	  	 **	 *	 *	 *	
FASL	 2	 6.900±0.04	 6.730±0.04	 6.493±0.08	 5.107±0.10	 *
	 4	 6.863±0.04	 6.333±0.10	 5.370±0.09	 4.750±0.09	 *
	 6	 6.837±0.05	 6.090±0.05	 4.827±0.06	 4.663±0.04	 *
	 8	 6.797±0.04	 5.823±0.34	 4.807±0.19	 4.383±0.10	 *
		  **	 *	 *	 *	

Data are presented as the mean ± standard deviation; α=0.05; *P<0.05 and **P>0.05. TRAP, tartrate‑resistant acid phosphatase; CAII, carbonic 
anhydrase II; OSCAR, osteoclast-associated receptor.
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Figure 3. qPCR analysis showing mRNA expression of tartrate‑resistant acid 
phosphatase (TRAP), carbonic anhydrase II (CAII), osteoclast‑associated 
receptor (OSCAR), and FAS/FASL genes in osteoclasts. Lanes 1, 2, 3 and 4 
are the control, and low, medium and high concentration groups, respectively. 
Cells were incubated for 2, 4, 6 and 8 h with alendronate. β-actin was used as 
an internal control.

Figure 4. Western blot analysis of tartrate‑resistant acid phosphatase (TRAP), 
carbonic anhydrase II (CAII), osteoclast‑associated receptor (OSCAR) and 
FAS/FASL protein expression in osteoclasts. Lanes 1, 2, 3 and 4 are the 
control, and low, medium and high concentration groups, respectively. Cells 
were incubated for 2, 4, 6 and 8 h with alendronate. β-actin was used as an 
internal control.

Figure 2. Tartrate‑resistant acid phosphatase staining of osteoclasts (magnifi-
cation, x400). The nuclei exhibit vacuolar shape in the cytoplasm.

Figure 1. A representative osteoclast containing several nuclei (magnifica-
tion, x400; no staining). The osteoclast has an irregular shape and several 
processes from the cytomembrane.
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interferes with osteoclast differentiation, maturation and 
recruitment. Osteoclasts then undergo apoptosis during which 
the ALN-mediated inhibition is most prominent. However, it 
has also been demonstrated that ALN may be metabolized as 
a quasi‑ATP decoy, thereby affecting ATPase in osteoclasts. In 
addition, ALN has been shown to inhibit the mevalonic acid 
pathway during cholesterol metabolism and subsequently inac-
tivate the prenylation of osteoclasts by affecting GTP‑binding 
proteins (19). Previously, several studies have demonstrated 
that ALN may inhibit osteoclast function. The addition of 
various concentrations of ALN to calcium phosphate bone 
cement was shown to inhibit osteoclastogenesis and osteoclast 
function (18). Another study indicated that bisphosphonate 
exhibited an inhibitory effect on osteoclast proliferation (15). 
Kawata et al (16) suggested that ALN inhibited the resorption 
of ectopic bone grafts when injected at specific concentrations. 
Another study demonstrated that ALN affected the mineral 
density and remodeling of bone tissue  (20). In addition, 

RANKL‑induced osteoclast differentiation of RAW264.7 cells 
was inhibited on ALN‑coated titanium surfaces and the mRNA 
expression of TRAP was downregulated (17). Therefore, based 
on these results, additional studies were required to investigate 
the mechanism of the ALN‑mediated inhibition of osteoclasts.

The ALN concentration and duration of incubation are 
critical parameters when assessing the effects of this bisphos-
phonate on osteoclasts. ALN, similar to numerous other 
inhibitors, is administrated based on a strict dose and time 
schedule. The results of this study suggested that ALN affected 
osteoclasts in a dose‑dependent manner and it has been shown 
that high doses of ALN exhibited deleterious effects on osteo-
clastic function (21). Koshihara et al (22) demonstrated that 
treatment of osteoclasts with 10‑4 M ALN for 6 h resulted in a 
breakdown of the actin ring and that cell mobility was decreased 
compared with that of cells treated with 10-5 M ALN. In addi-
tion, only a partial recovery from contraction was observed 
when the cells were treated with 10-4 M ALN compared with 

Figure 5. Histogram of tartrate‑resistant acid phosphatase (TRAP), carbonic anhydrase II (CAII), osteoclast‑associated receptor (OSCAR) and FAS/FASL 
mRNA expression in osteoclasts treated with ALN. (A, C, E, G and I) mRNA expression of the genes in the presence of alendronate (ALN) for the indicated 
incubation times. (B, D, F, H and J) mRNA expression of the genes in the presence of ALN at the indicated concentrations. 
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that of the other dose groups. However, the removal of ALN 
treatment completely restored the function and appearance of 
the cells. Therefore, the effects of ALN on osteoclast motility 
and morphology were reversible at a concentration of 10-5 M, 
suggesting that ALN did not lead to permanent cell damage 
in osteoclasts at this dose, and therefore it was an appropriate 
and effective dose for bone resorption (22). In another study, 
ALN inhibited bone resorption at concentrations ≤10-7 M. At 
the highest concentration of 10-5 M, the osteoclast number and 
resorption were markedly reduced (23).

In our previous study, it was demonstrated that osteoclasts 
possessed a time rhythm, which was not optimal for the 
detection of molecular changes when the cells were cultured 
for <24  h. The mRNA expression, osteoclastic apoptosis 
and other changes were only observed when the cells were 
cultured for >48 h (24). Based on these results, we previously 

concluded that osteoclast mRNA expression reached a peak 
level following 24 h of culture and exhibited higher sensi-
tivity to the surrounding stimuli at that time point (24). The 
results from the present study demonstrated that osteoclasts 
reached peak mRNA expression subsequent to 6  days of 
culture. In addition, the effects of ALN on the mRNA and 
protein expression of TRAP, CAII, OSCAR and FAS/FASL 
at specific concentrations (10-5 M, 10-6 M and 10-7 M) and 
duration of incubation (0, 2, 4, 6 and 8 h) were determined. 
It was demonstrated that that the expression of these genes 
decreased marginally over the indicated incubation time; 
however, the differences between time points were not signifi-
cant. Therefore, osteoclast apoptosis did not occur following 
8 h of treatment with ALN.

The mechanism of action of ALN on osteoclasts has been 
the focus of previous studies. D'Amelio et al (25) suggested 

Figure 6. Histogram of tartrate‑resistant acid phosphatase (TRAP), carbonic anhydrase II (CAII), osteoclast‑associated receptor (OSCAR) and FAS/FASL 
protein expression in osteoclasts treated with ALN. (A, C, E, G and I) Protein expression of the genes in the presence of alendronate (ALN) for the indicated 
incubation times. (B, D, F, H and J) Protein expression of the genes in the presence of ALN at the indicated concentrations. 
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that ALN predominantly acted on mature bone resorbing 
osteoclasts during short‑term treatment, but decreased 
osteoclast precursors and serum RANKL levels after long-
term treatment. Fisher et al (26) also concluded that ALN 
acted directly on osteoclasts and inhibited a rate‑limiting 
step in the cholesterol biosynthesis pathway, which was 
essential for osteoclast function. In addition, other studies 
have determined that ALN bound to resorption surfaces 
and was released locally during acidification. In addition, 
an increasing concentration of ALN prevented osteoclastic 
resorption and membrane ruffling  (27). However, Owens 
et al  (28) hypothesized that the inhibitory mechanism of 
ALN was not due to resorption.

Findings of another study showed that the reduced effi-
cacy of ALN to prevent bone erosion may be due to locally 
increased levels of tumor necrosis factor (TNF), which 
resulted in the upregulation of ETS‑2 expression in osteo-
clasts. Moreover, BCL‑XL expression was stimulated, which 
reduced cell susceptibility to ALN‑induced apoptosis (29). 
Wang et al (30) also demonstrated that ALN promoted the 
apoptosis of osteoclasts, which was related to expression of 
the FAS gene. However, another hypothesized mechanism 
suggested that ALN suppression of bone resorption was 
independent of its effect on apoptosis (31). In addition, ALN 
impaired intracellular vesicle transport in osteoclasts, which 
suggested that the effects on apoptosis may be a secondary 
mechanism (32).

Kum et  al  (33) hypothesized that the ALN inhibitory 
mechanism was not related to the inhibition of IL‑6 produc-
tion. Colucci et al (34) indicated that the inhibitory effect of 
ALN was due to the interference with receptors and bone 
matrix proteins, such as α5β3 integrins. Furthermore, ALN 
induced Ca2+‑mediated intracellular signaling in osteoclasts 
and triggered a 2‑fold increase in the intracellular calcium 
concentration. Moreover, the study by Schmidt et  al  (35) 
suggested that a tyrosine phosphatase may also be a putative 
molecular target of ALN.

The results of this study have shown that ALN inhibited 
osteoclasts partly by decreasing the mRNA and protein expres-
sion of important cell molecules, including TRAP, CAII, 
OSCAR and FAS/FASL. The expression of these proteins 
decreased in an ALN concentration- and time‑dependent 
manner. In addition, the results were concordant with previous 
studies. In conclusion, osteoclasts negatively responded  
to ALN treatment. In addition, ALN activated several signaling 
pathways in osteoclasts, such as Ca2+‑mediated intracellular 
signaling, tyrosine phosphatase activity and cholesterol 
biosynthesis pathways and ALN induced apoptosis in  
osteoclasts.
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