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IL-23 promotes osteoclastogenesis in 
osteoblast-osteoclast co-culture system
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ABSTRACT. The aim of this study was to determine the effect of IL-
23 on the activity and proliferation of osteoclasts (OC) in co-culture 
with osteoblasts (OB). OB and OC were individually separated from 
the skull and femoral bone of a SD rat. OB-OC co-culture with IL-
23 added was designed as the experimental group, while the OB-OC 
co-culture without IL-23 was the control group. In the experimental 
group, five different concentrations of IL-23 were added, and the cells 
were then cultured for 24, 48 and 72 h. For each concentration at these 
three time points, cell proliferation, tartrate-resistant acid phosphatase 
(TRAP) activity and the lacunae in the bone slices were evaluated, 
compared with control group at the same time points. Compared to the 
control group, proliferation and TRAP activity of OC were significantly 
increased at 24, 48 and 72 h with addition of 0.5 to 10 ng/mL IL-
23 (P < 0.05). In addition, a dose- and time-dependent correlation 
between the effect of IL-23 and osteoclastogenesis was noticed though 
the comparison. Moreover, the area of lacunar resorption in each 
experimental group was significantly larger than in the control group (P 
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< 0.05). In conclusion, IL-23 promotes the proliferation, TRAP activity 
and bone resorption of OC in OB-OC co-culture.
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INTRODUCTION

Osteoporosis is a serious health issue in human society. Since osteoclastogenesis is 
abnormally induced, it renders the osteoporosis patient susceptible to bone volume reduction 
and spontaneous bone fracture. Excessive osteoclastogenesis is the main pathophysiologic 
mechanism of osteoporosis. Many cytokines, variant cell types, and endocrine functions are 
involved in the complicated process of osteoclastogenesis.

Osteoclasts (OC) and osteoblasts (OB) are two critical cell types in osteoclastogen-
esis. OB takes charge of bone accumulation and bone formation; meanwhile, OC plays a piv-
otal role in bone resorption and reconstruction. It is assumed that there is a dynamic balance 
between OC and OB activities, leading to normal bone development. Osteoporosis typically 
reflects that bone resorption exceeds bone formation.

Recently, the function of several interleukins in OC-OB activities have been highlight-
ed. For example, IL-1β has been shown to improve the adhesion between OC and bone micro-
architecture and would thereby promote bone resorption (Tsutsumimoto et al., 1999). IL-6, an-
other important immune regulator, has been shown to be involved in enhancing the growth and 
activities of osteoclasts. Haden et al. (2000) studied the effect of age on a few serum, including 
IL-6, and radiological parameters. In addition, IL-4 and IL-13 have been reported to suppress 
osteoclastogenesis and bone resorption (Ura et al., 2000). Moreover, IL-18 may regulate the 
differentiation of OB by alerting the function of T cells (Dai et al., 2004).

Interestingly, as a clinically novel member of the IL-12 family (Boniface et al., 2008), 
IL-23 indirectly regulates the secretion of IL-6 and IL-8 by targeting RANKL of Th17 cells, 
leading to chronic inflammation and bone deformation (Sato et al., 2006; Paradowska et al., 
2007). Chen et al. (2010) hypothesized that IL-23 could stimulate osteoclast differentiation 
and bone formation. It has been demonstrated that lipopolysaccharide induces OB to secrete 
IL-23 (Chen et al., 2011), indicating that IL-23 also plays a regulatory role in the balance of 
bone formation and resorption. However, the pathologic mechanism is still unclear. 

To clarify the relation between IL-23 and OC activities in bone formation-resorption 
balance, we determined how IL-23 affected cell proliferation, tartrate-resistant acid phospha-
tase (TRAP) activity and bone resorption using an OB-OC co-culture system. OB-OC co-
culture had been previously well established, and all three major parameters, cell proliferation, 
TRAP activity and area of lacunar resorption, were deeply investigated in this study.

MATERIAL AND METHODS

Experimental animals

Newborn SD rats at 1 and 5 days were used in this experiment. Animals were pur-
chased from the Experimental Animal Center, Henan Province [Protocol No. SCXK (YU) 
2005-0001]. This study was carried out in strict accordance with the recommendations in the 
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Guide for the Care and Use of Laboratory Animals of the National Institutes of Health. The 
animal use protocol had been reviewed and approved by the Institutional Animal Care and Use 
Committee (IACUC) of the People’s Hospital of Zhengzhou.

Isolation and culture of rat osteoblasts

According to the literature (Wu et al., 2004; Chen et al., 2008), on the first day after 
birth, the rat skull was isolated in a superclean hood. The skull was gently washed three times 
with PBS. Soft tissue of the skull was cut into small pieces, and 0.25% trypsin was added for 
digestion. The tissue was digested at 37°C for 30 min, followed by another 1-h digestion with 
0.1% collagenase type α (Gibco, Grand Island, NY, USA). Single cells were obtained by filter-
ing the cell suspension with a 40-μm cell strainer. The cell suspension was centrifuged at 1000 
rpm for 10 min. The supernatant was then aspirated and 5 mL DMEM culture medium (Invit-
rogen, Carlsbad, CA, USA) containing 15% fetal bovine serum (FBS) (Sijiqing Inc, Hangzhou, 
China) and 1% 100X Pen/Strep were added. After gently mixing the cell pellets several times, 
the cells were cultured in the incubator until the formation of a cell monolayer. Cells were pas-
saged after treating with 0.25% trypsin, and the third passage was used for experiments.

Isolation and culture of rat osteoclasts

According to the literature (Chen et al., 2008), on the fifth day after birth, the rat femoral 
bone was isolated in a superclean hood and gently washed three times with PBS. Muscle and soft 
tissue were scraped off with scissors. Bone was dissected in 5 mL DMEM culture medium con-
taining 15% FBS. Bone marrow cells were collected in DMEM medium. The debris was sorted 
out by sedimentation at room temperature for 10 min. Single cells were obtained by filtering the 
cell suspension through a 40-μm cell strainer. The cell suspension was centrifuged at 1000 rpm 
for 10 min. The supernatant was aspirated and the cell pellet suspended in 5 mL DMEM culture 
medium containing 15% FBS and 1% antibiotic solution. After gently mixing the cell pellets sev-
eral times, the cells were cultured in the incubator until the formation of a cell monolayer. Cells 
were grown for 12 h after treating with 0.25% trypsin, and the attached cells used for experiments.

OB-OC co-culture

We prepared the culture plate according to the literature (Fu et al., 2006). Two con-
secutive wells were connected by drilling a 2-mm hole at the well bottom. A 0.45-μm filter 
was installed in this OB-OC well connection. First, OB were seeded in the OB-wells, and 4 h 
later, OC seeded in the OC well. The supernatant, but not the cells, could exchange between 
these two wells. The experimental cells were collected with similar cell cycles and then grown 
in no-serum medium.

Experimental groups

OB-OC co-culture cells were separated into two groups: IL-23 (Sigma, San Francisco, 
CA, USA) and control groups. In the IL-23 group, 5 subgroups were made by adding IL-23 
at concentrations of 0.5, 1, 2.5, 5 and 10 ng/mL. Each subgroup contained 6 wells. Cells were 
collected at 24, 48 and 72 h. In the control group, DMSO was added with the same conditions.
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MTT method for determining proliferation rate of osteoclasts 

D-Hanks solution was used to wash the cells at 24, 48 and 72 h, and no-serum culture 
medium with 62.5 μg MTT was then added to each well. Cells were cultured at 37°C for 4 h. 
Supernatant medium was discarded and fresh medium was added with 400 μL DMSO for each 
well. The plate was gently shaken and OD at 570 nm was measured for each group.

Diazonium salt method for detecting TRAP activities of osteoclasts

D-Hanks solution was used to wash the cells at 24, 48 and 72 h, and no-serum culture 
medium was then added. TRAP activity was measured according to the protocol of the diazo-
nium salt method kit (Jiancheng Inc., Nanjing, China).

Evaluate the area of lacunar resorption in co-culture system

OB-OC cells were co-cultured in the presence of dentin for 7 days according to 
Zhang et al. (2006). The dentin was then taken out and fixed in 2.5% glutaraldehyde for 
7 min. Ultrasonic wash with 0.25% ammonium hydroxide was used to clean the surface 3 
times. The dentin was dehydrated with alcohol and air-dried. A 1% toluidine blue solution 
was added, followed by incubation for 3-4 min at room temperature. After washing three 
times with ddH2O, the area of lacunar resorption was measured under a microscope (Olym-
pus, Tokyo, Japan).

Statistical analysis

SPSS 13.0 software (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. 
All data are reported as means ± SD. Statistical significance was determined by the Student 
t-test. P < 0.05 was considered to be statistically significant.

RESULTS

IL-23 regulated the proliferation of osteoclasts in OB-OC co-culture system

In the OB-OC co-culture system, the OC proliferation first increased and then de-
creased. OC proliferation peaked at 48 h. At all concentrations of IL-23, from 0.5 to 10 ng/mL, 
OC showed an increased proliferation rate. Interestingly, this increased proliferation appeared 
to be dose- and time-dependent. The difference relative to the control groups was statistically 
significant (N = 6, P < 0.05) (Figure 1).

IL-23 improved the TRAP activities of osteoclasts in co-culture system

In the co-culture without IL-23 added, TRAP activity peaked and then decreased with 
time. However, by adding IL-23 at concentrations from 0.5 to 10 ng/mL, it was significantly 
enhanced at 24, 48 and 72 h compared to the control group (P < 0.05). In addition, the treat-
ment for 72 h showed the strongest effect (Figure 2).
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IL-23 increased the area of lacunar resorption in co-culture system

Under the microscope, lacunar resorption could be seen in each dentin specimen. Pho-
tographs of this lacunar resorption were taken for each group. IL-23 significantly increased 
the area of lacunar resorption. Furthermore, the longer the IL-23 treatment, the larger the areas 
were (Figure 3).

Figure 1. Effects of IL-23 on the proliferation of osteoclasts in co-culture system. Compared to control group, *P 
< 0.05, **P < 0.01, ***P < 0.001.

Figure 2. Effects of IL-23 on the TRAP activity in co-culture system. Compared to control group, *P < 0.05, **P 
< 0.01, ***P < 0.001.

Figure 3. Effects of IL-23 on the resorption lacuna area in co-culture system. Compared to control group, *P < 
0.05, **P < 0.01, ***P < 0.001.
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DISCUSSION

Bone development and bone metabolism are determined by the dynamic balance be-
tween the OB and OC. OB secretes the bone matrix and induces bone mineralization. OC is 
responsible for osteolysis and dissolution of the bone matrix via bone resorption, leading to 
lacuna formation and bone reconstruction (Fu et al., 2006; Zhang et al., 2006). Recently, it was 
demonstrated that the functions of OB and OC showed correlative dependence (Choi et al., 
2012; Yamashita et al., 2012). OB could regulate OC maturation and activation by secreting 
interleukin and other cytokines (Quan et al., 2012). However, the mechanism is still unclear. 
The regulation functions of interleukins between OB and OC were well realized.

IL-23, which is a new member of the interleukin family, may be involved in the dif-
ferentiation process of OC. Chen et al. (2011) found that by adding lipopolysaccharide, OB can 
also secrete IL-23. Moreover, IL-23 could induce the secretion of IL-6 and IL-8 by stimulating 
RANKL in Th17 cells, leading to bone erosion (Cua et al., 2003; Hunter, 2005; Yago et al., 
2007). This impairment could be involved in the derangement of receptor for activation of nu-
clear factor kappa B (NF-κB) (RANK), RANK ligand (RANKL), and osteoprotegerin (Iwakura 
and Ishigame, 2006). As mentioned in the above studies, OB could secrete IL-23, which could 
promote osteoclast differentiation and bone formation. Chen et al. (2010) also found that IL-
23 could also increase lacunar resorption in mouse OC culture. However, it is still not clear 
whether IL-23 can regulate the proliferation and activation of OC in OB-OC co-culture.

All values of MTT, TRAP activity and lacunar resorption were increased when IL-
23 was added to the OB-OC co-culture. Moreover, the peak of the activation curve appeared 
at 48 h, and then declined. It could have been due to the apoptosis of OC, or the repressive 
effect of OC derived from OB, which is to maintain an appropriate concentration of IL-23. 
However, the values of the experimental group were all significantly higher compared to the 
control group at any test time. In addition to the TRAP activities, a dose-dependent curve was 
evident, indicating that IL-23 increased OC proliferation, suppressed OC apoptosis and en-
hanced TRAP activity. Furthermore, this phenotype could be improved with IL-23 treatment. 
Enhanced resorption was also correlated to the duration of treatment. Compared to the control 
group, all concentrations of IL-23 from 0.5 to 10 ng/mL had the same effect (P < 0.05).

In conclusion, this study provides strong evidence about how IL-23 regulates the pro-
liferation and activation of OC. It could relate to increased cell proliferation and enhanced 
TRAP activity. Since OB can also secrete IL-23, there is also a possibility that bone resorption 
was enhanced by OB activity. However, the exact mechanism of IL-23 regulation in osteoclas-
togenesis still needs to be further studied.
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