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ABSTRACT 1 

In diabetes mellitus (DM), high glucose (HG) and advanced glycation end products (AGEs) are 2 

involved in bone quality deterioration. Osteocytes produce sclerostin and receptor activator of nuclear 3 

factor-кB ligand (RANKL) and regulate osteoblast and osteoclast function. However, whether HG or AGEs 4 

directly affect osteocytes and regulate sclerostin and RANKL production is unknown. Here, we examined the 5 

effects of HG, AGE2, and AGE3 on the expression of sclerostin and RANKL and on apoptosis in 6 

osteocyte-like MLO-Y4-A2 cells. Treatment of the cells with 22 mM glucose, 100 g/mL either AGE2 or 7 

AGE3 significantly increased the expression of sclerostin protein and mRNA; however, both AGEs, but not 8 

glucose, significantly decreased the expression of RANKL protein and mRNA. Moreover, treatment of the 9 

cells with HG, AGE2, or AGE3 for 72 hours induced significant apoptosis. These detrimental effects of HG, 10 

AGE2, and AGE3 on sclerostin and RANKL expressions and on apoptosis were antagonized by pretreatment 11 

of the cells with 10
-8

 M human parathyroid hormone (PTH)-(1–34). Thus, HG and AGEs likely suppress bone 12 

formation by increasing sclerostin expression in osteocytes, whereas AGEs suppress bone resorption by 13 

decreasing RANKL expression. Together, these processes may cause low bone turnover in DM. In addition, 14 

HG and AGEs may cause cortical bone deterioration by inducing osteocyte apoptosis. PTH may effectively 15 

treat these pathological processes and improve osteocyte function. 16 

 17 

  18 
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1. Introduction 1 

Elderly people often have both osteoporosis and diabetes mellitus (DM); notably, the risks of hip and 2 

spine fracture are increased in patients with type 1 (T1) or type 2 (T2) DM. In our previous study, the presence 3 

of T2DM was a risk factor for prevalent vertebral fractures, with odds ratios of 1.86 in women and 4.73 in 4 

men; furthermore, BMD was not useful for assessing vertebral fracture risk in patients with T2DM (1). Thus, 5 

BMD does not reflect bone fragility, which is likely involved in the increased fracture risk of patients with 6 

T2DM; impaired bone quality likely exists in these populations.  7 

Non-enzymatic reactions of carbohydrates with proteins produce advanced glycation end products 8 

(AGEs); the accumulation of AGEs is a characteristic feature of the tissues of elderly people and patients with 9 

DM (2). Some complications of DM such as neuropathy, retinopathy, and nephropathy are related to the 10 

diverse biological activities of AGEs, especially AGE2 and AGE3 (3-5). AGEs are also known to affect bone 11 

tissue. In our previous studies, the combination of high glucose (HG) and AGE2 inhibited the mineralization 12 

of osteoblastic MC3T3-E1 cells through a glucose-induced increase in the expression of the AGE receptor 13 

(RAGE) (6); moreover, AGE2 and AGE3 inhibited the osteoblastic differentiation or mineralization of mouse 14 

stromal ST2 cells by decreasing osterix expression, increasing TGF-β expression, and suppressing 15 

endoplasmic reticulum stress proteins (7–9).  16 

In the process of bone remodeling, bone is constantly renewed by the balanced action of osteoblastic 17 

bone formation and osteoclastic bone resorption. A receptor activator of nuclear factor-кB ligand (RANKL) is 18 

a member of the tumor necrosis factor (TNF) cytokine family which is a ligand for osteoprotegerin and 19 

functions as a key factor for osteoclast differentiation and activation (10). Osteocytes account for 90%–95% of 20 

bone cells; they are a major source of the osteoclastgenic cytokine RANKL and have a greater capacity to 21 

support osteoclastgenesis than do osteoblasts and bone marrow stromal cells (11). In contrast, sclerostin is 22 

specifically expressed in osteocytes and inhibits osteoblast function and bone formation by antagonizing 23 

canonical Wnt signaling (12). Thus, osteocytes are likely the ‘commander cells’ of bone remodeling by 24 

regulating osteoblastgenesis and osteoclastgenesis through RANKL and sclerostin; however, it remains 25 

unclear whether HG or AGEs affect osteocytes or regulate the production of these factors, thereby causing 26 

http://en.wikipedia.org/wiki/Tumor_necrosis_factor
http://en.wikipedia.org/wiki/Cytokine
http://en.wikipedia.org/wiki/Osteoprotegerin
http://en.wikipedia.org/wiki/Osteoclast
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bone deterioration in patients with DM. 1 

In this study, we examine the effects of HG, AGE2, and AGE3 on the expressions of RANKL and 2 

sclerostin and on apoptosis in osteocytic MLO-Y4-A2 cells. In addition, we clarify the role of osteocytes in 3 

the impaired bone quality of patients with DM.   4 

 5 

  6 
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2. Materials and Methods 1 

2.1. Materials 2 

Human parathyroid hormone (PTH)-(1–34) and an anti-β-actin antibody were obtained from 3 

Sigma-Aldrich (St. Louis, MO, USA). Anti-sclerostin antibody was from Abcam (Tokyo, Japan). 4 

Anti-RANKL antibody was from Santa Cruz Biotechnology (Santa Cruz, CA, USA). Anti-RAGE antibody 5 

was from R&D Systems (Minneapolis, MN, USA). All other chemicals used were of analytical grade. 6 

 7 

2.2. Cell culture 8 

Mouse osteocyte-like MLO-Y4-A2 cells in this study were kindly provided by Dr. Y. Kato 9 

(AsahiKasei Medical Corporation, Tokyo, Japan), who worked with Prof. Bonewald (University of Missouri) 10 

and subcloned the more uniform MLO-Y4-A2 cells from MLO-Y4 cells. Cells were cultured on type I 11 

collagen-coated plates in -MEM containing 5.5 mmol/L glucose. The medium was supplemented with 10% 12 

fetal bovine serum (FBS) and 1% penicillin–streptomycin (Gibco-BRL) in 5% CO2 at 37°C and was changed 13 

twice a week.  14 

 15 

2.3. Preparation of AGEs 16 

AGEs were prepared as described previously (6). Briefly, AGE2 and AGE3 were prepared by 17 

incubating 50 mg/mL BSA (Sigma) with 0.1 M DL-glyceraldehyde (Nacalai Tesque, Kyoto, Japan) and 0.1 M 18 

glycolaldehyde (Sigma), respectively, under sterile conditions in 0.2 M phosphate buffer (pH 7.4) containing 5 19 

mM diethylene-triamine-pentaacetic acid at 37 °C for 7 days. As a negative control, nonglycated BSA was 20 

incubated under the same conditions except for the absence of DL-glyceraldehyde or glycolaldehyde. Then 21 

low-molecular-weight reactants and aldehydes were removed by using PD-10 column chromatography and 22 

dialysis against PBS. 23 

 24 

 25 

2.4. Protein extraction and Western blot analysis 26 
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Cells were lysed with radioimmunoprecipitation buffer containing 0.5 mM 1 

phenylmethylsulfonylfluoride, complete protease inhibitor mixture (Roche Applied Science, Tokyo, Japan), 2 

1% Triton X-100, and 1 mM sodium orthovanadate. Proteins were transferred in 25 mM Tris, 192 mM glycine, 3 

and 20% methanol to polyvinylidene difluoride membrane. Blots were blocked with 20 mM Tris-HCl (pH 7.5), 4 

137 mM NaCl, 0.1% Tween-20, and 3% dried milk powder. The membranes were immunoblotted with each 5 

primary antibody. The antigen–antibody complexes were visualized by using the appropriate secondary 6 

antibodies (Sigma) and an enhanced chemiluminescence detection system (LAS-4000 IR multi-color imager, 7 

FUJIFILM, Tokyo, Japan). The results depicted in each figure are representative of at least three independent 8 

cell preparations. Each experiment was repeated three times. 9 

 10 

2.5. Quantification of sclerostin and RANKL 11 

The concentrations of sclerostin and RANKL in whole-cell lysates or culture medium was 12 

determined by using commercially available diagnostic ELISA kits (R&D Systems, Minneapolis, MN and 13 

Abcam Corp., Tokyo, Japan, respectively). 14 

 15 

2.6. RNA extraction and real-time PCR 16 

Total RNA was prepared from the cells by using Trizol reagent (Invitrogen, San Diego, CA, USA). 17 

cDNA was synthesized by using a SuperScript- cDNA synthesis kit (Invitrogen). Specific mRNA was 18 

quantified by using an ABI PRISM 7000 sequence detection system (Applied Biosystems Inc.) with SYBR 19 

Premix Ex TaqTM  (Perfect Real Time) kits (TaKaRa), according to the manufacturer’s standard protocol. 20 

The mRNA value for each gene was normalized relative to the mouse GAPDH mRNA levels in RNA samples. 21 

Primer sequences (forward and reverse) were as follows: GAPDH, 22 

5 -́GTGTACATGGTTCCAGTATGAGTCC-3  ́ and 5 -́AGTGAGTTGTCATATTTCTCGTGGT-3 ;́ SOST, 23 

5 -́TCCTCCTGAGAACAACCAGAC-3´ and 5´-TGTCAGGAAGCGGGTGTAGTG-3 ;́ and RANKL, 24 

5 -́GGATCACAGCACATCAGAGCAGAG-3  ́and 5´-GTAAGGAGGGGTTGGAGACCTCG-3 .́ 25 

 26 
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2.7. RT-PCR 1 

For investigating the expression of RAGE mRNA in MLO-Y4-A2 cells and mouse stromal ST2 2 

cells, RT-PCR was performed from the cDNA. Primer sequences for RAGE (forward and reverse) were as 3 

follows: 5´-ACAACCAACTCGGACTTCCA-3  ́ and 5´-GTCGTTTTCGCCACAGGATA-3 .́ The PCR 4 

conditions were 95°C for 15 s, 60°C for 30 s, and 72°C for 1 min for 34 cycles. PCR products were separated 5 

by electrophoresis on 2% agarose gels and visualized by ethidium bromide staining with ultraviolet light by 6 

using an electronic ultraviolet transilluminator (Toyobo CO. Ltd, Tokyo, Japan). 7 

 8 

2.8. siRNA transfection 9 

Mouse RAGE siRNA and control siRNA duplexes were designed and synthesized by Ambion 10 

(Austin, TX, USA). MLO-Y4-A2 cells were seeded in 6-well plates and cultured at 37 °C for 48 hours in 11 

-MEM containing 10% FBS and antibiotics, followed by a 24-hour incubation in medium without antibiotics. 12 

Cells were transfected with siRNA (50 nM) by using Lipofectamine (Invitrogen), according to the 13 

manufacturer’s instructions. After another 48 hours of culture, cells were transferred to another plate 14 

containing fresh -MEM supplemented with 10% FBS and antibiotics. 15 

 16 

2.9. Measurement of apoptotic cell death 17 

MLO-Y4-A2 cells were seeded on 96-well plates at a density of 3000 cells/well and were incubated 18 

overnight in α-MEM with 10% FBS and antibiotics. On the next day, the cells were treated with either BSA 19 

(control), HG, AGE2, or AGE3 for 24, 48, and 72 hours. Then the cells were lysed, and the supernatant was 20 

analyzed in an ELISA for DNA fragments (Cell Death Detection ELISA Plus, Roche Molecular Biochemicals, 21 

Indianapolis, IN, USA).  22 

 23 

2.10. Statistics 24 

All experiments were repeated at least three times. Data are expressed as mean ± S.E. Statistical 25 

analysis was performed by using analysis of variance. A P value of less than 0.05 was taken to indicate a 26 
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significant difference.  1 

 2 
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3. Results 1 

3.1. Effects of HG, AGE2, and AGE3 on the expressions of sclerostin or RANKL in MLO-Y4-A2 cells 2 

We examined the effects of HG, AGE2, and AGE3 on the expression of sclerostin in MLO-Y4-A2 3 

cells. Treatments of the cells with 22 mM HG and 100 g/mL either AGE2 or AGE3 significantly increased 4 

the level of sclerostin protein in whole cell lysates by Western blot analyses (Fig. 1A) and in both whole cell 5 

lysates and supernatants by ELISA (Fig. 1B). Treatments of the cells with the HG, AGE2, or AGE3 alone 6 

significantly increased the level of sclerostin mRNA by real-time PCR; the combination of HG plus AGE2 or 7 

HG plus AGE3 did not show any additive or synergistic affects (Fig. 1C). Next, we examined the effects of 8 

HG, AGE2, and AGE3 on the expression of RANKL in MLO-Y4-A2 cells. Treatments of the cells with 100 9 

g/mL AGE2 or AGE3, but not 22 mM HG, significantly suppressed the level of RANKL protein in whole 10 

cell lysates by Western blot analyses (Fig. 1D) and in both whole-cell lysates and supernatants by ELISA (Fig. 11 

1E). Treatment of the cells with either AGE2 or AGE3 alone significantly suppressed the level of RANKL 12 

mRNA; however, HG alone or the combination of HG plus AGE2 or HG plus AGE3 did not show any effects 13 

(Fig. 1F). 14 

 15 

3.2. Expression of RAGE in MLO-Y4-A2 cells and effects of its reduced expression on AGE2- or 16 

AGE3-modulated expressions of sclerostin or RANKL 17 

Using mouse stromal ST2 cells as a positive control, we examined the expression of RAGE in 18 

MLO-Y4-A2 cells. By using RT-PCR with sequence analysis and Western blotting, we confirmed that RAGE 19 

mRNA and protein both were expressed in MLO-Y4-A2 cells (Fig. 2A and B, respectively). Next, we 20 

examined the effects of a reduction in RAGE expression by siRNA transfection on AGE2- or 21 

AGE3-modulated expressions of sclerostin or RANKL. By western blot analysis, RAGE protein was 22 

expressed less in the cells transfected with its siRNA (Fig. 2C). This reduction in RAGE expression 23 

suppressed AGE2- or AGE3-induced increases in sclerostin protein in the cells (Fig. 2D); furthermore, it 24 

recovered AGE2- or AGE3-induced decreases in RANKL protein (Fig. 2E). 25 

 26 
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3.3. Effects of human PTH-(1–34) on HG-, AGE2-, or AGE3-modulated expression of sclerostin or RANKL in 1 

MLO-Y4-A2 cells 2 

 Using Western blotting, we examined the effects of human PTH-(1–34) on the HG-, AGE2-, and 3 

AGE3-modulated expression of sclerostin or RANKL in MLO-Y4-A2 cells. Pretreatment of the cells with 10
-8

 4 

M human PTH-(1–34) suppressed the basal expression of sclerostin protein and the HG-, AGE2-, or 5 

AGE3-induced increases in sclerostin protein (Fig. 3A and B). Furthermore, the inhibitory effects on AGE2- 6 

and AGE3-induced ones were dose-dependent at the concentrations of 10
-10 

to 10
-8
 M (Fig. 3C). In contrast, 7 

pretreatments of the cells with 10
-8

 M human PTH-(1–34) increased the basal expression of RANKL protein 8 

and the AGE2- or AGE3-induced decreases in RANKL protein (Fig. 3D). These effects were also 9 

dose-dependent (10
-10

 M–10
-8
 M) (Fig. 3E).  10 

 11 

3.4. Effects of HG, AGE2, or AGE3 on the apoptosis of MLO-Y4-A2 cells 12 

We examined the effects of HG, AGE2, or AGE3 on the apoptosis of MLO-Y4-A2 cells. Treatment 13 

of the cells with 22 mM HG or 100 g/mL either AGE2 or AGE3 for 72 hours, but not 24 or 48 hours, 14 

significantly induced apoptosis (Fig. 4A). Next, we examined the effects of human PTH-(1–34) on HG-, 15 

AGE2-, or AGE3-induced apoptosis. Pretreatment of the cells with 10
-8

 M human PTH-(1–34) significantly 16 

reversed AGE2- or AGE3-induced apoptosis (Fig. 4B).  17 

We measured the concentration of RANKL protein in whole-cell lysates and supernatants at 72 18 

hours (when significant apoptosis occurred). Treatment of the cells with 100 g/mL either AGE2 or AGE3 for 19 

72 hours significantly suppressed the concentration of RANKL protein in whole-cell lysates (Fig. 4C). 20 

Although AGE2 or AGE3 treatment significantly increased the concentration of RANKL protein in the 21 

supernatant, the absolute value was small; thus, the overall RANKL concentration of the whole-cell lysate 22 

plus supernatant was still decreased by AGE2 and AGE3.  23 

 24 

25 
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4. Discussion 1 

In this study, treatment of osteocyte-like MLO-Y4-A2 cells with HG, AGE2, or AGE3 increased 2 

sclerostin expression and suppressed RANKL expression (Fig. 1). In addition, RAGE was expressed in 3 

MLO-Y4-A2 cells; a reduction in its expression suppressed the AGE2- or AGE3-induced increase in 4 

sclerostin expression and recovered the AGEs-induced decreases in RANKL expression (Fig. 2). Therefore, 5 

partly by binding to RAGE in osteocytes, AGE2 and AGE3 suppress bone formation by increasing sclerostin 6 

expression and suppress bone resorption by decreasing RANKL expression. According to several studies, 7 

serum sclerostin levels are significantly increased in patients with T2DM (13, 14). In an in vtiro study in 8 

MLO-Y4 cells, 30 mM HG increased sclerostin compared with control levels (15). Furthermore, compared 9 

with women without DM, women with DM had significantly decreased bone-resorption markers (16). These 10 

experimental and clinical observations about sclerostin increase and low bone resorption in DM are in accord 11 

with our present findings. 12 

In this study, treatments of MLO-Y4-A2 cells with HG, AGE2, or AGE3 for 72 hours induced 13 

significant apoptosis, which may cause bone fragility (Fig. 4). In T2DM, an increase in cortical porosity plays 14 

important roles in bone fragility. Specifically, cortical porosity is increased in postmenopausal patients with 15 

T2DM (17). However, the mechanism of increased cortical porosity in T2DM remains unclear. Continuous 16 

injection of human PTH-(1–34) increased cortical porosity in 6-month-old female Sprague-Dawley rats (18), 17 

suggesting the stimulatory action of PTH in the formation of cortical porosity. However, because high levels 18 

of glucose inhibit PTH secretion and patients with DM have lower PTH levels than do their non-DM 19 

counterparts (19), factors other than PTH (such as apoptosis of osteocytes and increased RANKL expression) 20 

may contribute to the formation of cortical porosity in T2DM. For example, compared with non-alcohol-fed 21 

rats, alcohol-fed rats have more intracortical femoral porosities and apoptosis of osteocytes (20). Furthermore, 22 

in murine parietal bones, apoptotic bodies derived from MLO-Y4 cells and primary murine osteocytes 23 

enhance osteoclastic bone resorption through TNF- (21). In contrast, mice have significantly increased 24 

intracortical femoral porosity when their osteoblasts and osteocytes lack genes essential for apoptosis, such as 25 

Bak and Bax (22). Therefore, it is controversial whether apoptosis of osteocytes is involved in the increase in 26 
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cortical porosity.  1 

We also evaluated RANKL in our investigation of bone fragility; treatment of MLO-Y4-A2 cells 2 

with HG, AGE2, or AGE3 for 72 hours induced a decrease in the total sum of RANKL protein in cell lysates 3 

and supernatants. However, according to several studies, increased RANKL expression may cause an increase 4 

of cortical porosity. Specifically, overexpression of human RANKL in transgenic mice causes severe cortical 5 

bone porosity (23). Furthermore, an anti-RANKL antibody, Denosumab, markedly inhibits cortical porosity in 6 

ovariectomized cynomolgus monkeys (24). Although our present RANKL data do not suggest the 7 

involvement of osteocytes in the increase in cortical porosity in DM, hyperglycemia and AGEs likely induce 8 

the apoptosis of osteocytes (Fig. 4); therefore, these agents may cause cortical bone deterioration in patients 9 

with DM. 10 

In our study, PTH had beneficial effects on the expression of sclerostin and RANKL and on the 11 

apoptosis of MLO-Y4-A2 cells induced by HG, AGE2, and AGE3 (Fig. 3 and 4). Specifically, PTH 12 

suppressed HG-, AGE2-, or AGE3-induced increases in sclerostin expression and recovered AGE2- or 13 

AGE3-induced decreases in RANKL expression. PTH also reversed HG-, AGE2-, and AGE3-induced 14 

apoptosis of the cells. Similarly, in mice, chronic elevation of PTH reduces sclerostin expression by osteocytes 15 

(25). Furthermore, the expression of RANKL in tibial diaphysis is lower in mice lacking the PTH/PTH-related 16 

peptide receptor (26). Compared with mice receiving placebo treatment, mice receiving prednisolone have 17 

148% greater apoptosis of their osteocytes; PTH treatment prevents this increase (27). Our findings seem to be 18 

in accord with these previous observations of the actions of PTH on bone; therefore, in patients with T2DM, 19 

PTH may be effective for treating low bone turnover and cortical bone deterioration by revitalizing bone 20 

metabolism and preventing osteocyte apoptosis.  21 

However, this study has some limitations. First, our clonal MLO-Y4-A2 cells may not be identical to 22 

natural osteocytes in vivo; we need further experiments with cultured primary osteocytes or animals to 23 

strengthen the present findings. Second, we did not investigate the signals that mediate the effects of HG, 24 

AGE2, or AGE3 on the expressions of sclerostin or RANKL and on apoptosis.  25 

  In conclusion, HG, AGE2, and AGE3 suppress bone formation via increased sclerostin expression, 26 
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and the AGEs suppress bone resorption via decreased RANKL expression by partly binding to RAGE in 1 

osteocyte-like cells. In these cells, HG, AGE2, and AGE3 also induce apoptosis. Notably, these detrimental 2 

effects were reversed by pretreatment of the cells with PTH. Therefore, impaired osteocyte function is 3 

involved in low bone turnover and cortical bone deterioration in DM; PTH may effectively treat these 4 

pathological conditions. 5 

 6 
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Figure Legends 1 

Fig. 1. Effects of HG, AGE2, and AGE3 on the expression of sclerostin or RANKL in MLO-Y4-A2 cells. 2 

All reagents were added after the cells reached confluence. (A and D) Control BSA, AGE2, AGE3, and HG 3 

were added for 48 hours. Western blot analyses for -actin, sclerostin, or RANKL were performed on total 4 

protein extracts. (B and E) Control BSA, AGE2, AGE3 and HG were added for 48 hours. Sclerostin or 5 

RANKL proteins were quantified from whole cell lysates by ELISA. Results are expressed as the mean  6 

SEM (n = 6). **P < 0.01 compared with control. (C and F) AGE2, AGE3, and HG were added separately or 7 

together for 24 hours. Real-time PCR for sclerostin or RANKL was performed on total RNA. Data are 8 

expressed relative to the GAPDH mRNA value. **P < 0.01 compared with control.  9 

 10 

Fig. 2. Expression of RAGE in MLO-Y4-A2 cells and effects of its reduced expression on AGE2- or 11 

AGE3-modulated expression of sclerostin or RANKL. 12 

(A) Expressions of RAGE mRNA in ST2 cells (positive control) and MLO-Y4-A2 cells by RT-PCR. (B) 13 

Expressions of RAGE proteins in ST2 cells and MLO-Y4-A2 cells. Western blot analyses for RAGE were 14 

performed on total protein extracts. (C) Effects of RAGE siRNA transfection on its protein expression in 15 

MLO-Y4-A2 cells. The cells were transfected with RAGE siRNAs (50 nM) by using Lipofectamine. Total 16 

protein was extracted on day 3, and Western blot analyses for RAGE and -actin were performed. (D and E) 17 

After reaching confluence, MLO-Y4-A2 cells were transfected by 50 nM either control siRNA or RAGE 18 

siRNA, and then 100 g/mL either AGE2 or AGE3 were added for 48 hours in -MEM medium. Total 19 

protein was extracted and Western blot analyses for sclerostin, RANKL, and -actin were performed. 20 

 21 

Fig. 3. Effects of human PTH-(1–34) on HG-, AGE2-, and AGE3-modulated expressions of sclerostin or 22 

RANKL in MLO-Y4-A2 cells. 23 

(A and B) HG, control BSA, AGE2, and AGE3 were added for 48 hours after pretreatments of human 24 

PTH-(1–34) for 24 hours. Western blot analyses for sclerostin and -actin were performed on total protein 25 

extracts. (C) AGE2 and AGE3 were added for 48 hours after pretreatment of human PTH-(1–34) for 24 hours. 26 
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Western blot analyses for sclerostin and -actin were performed on total protein extracts. (D) Control BSA, 1 

AGE2, and AGE3 were added for 48 hours after pretreatment of human PTH-(1–34) for 24 hours. Western 2 

blot analyses for RANKL and -actin were performed on total protein extracts. (E) AGE2 and AGE3 were 3 

added for 48 hours after pretreatment of human PTH-(1–34) for 24 hours. Western blot analyses for RANKL 4 

and -actin were performed on total protein extracts. The results are representative of three separate 5 

experiments. 6 

  7 

Fig. 4. Effects of HG, AGE2, and AGE3 on the apoptosis of MLO-Y4-A2 cells. 8 

(A) Cells were treated with AGE2, AGE3, or HG for 24, 48, or 72 hours. (B) Cells were treated with AGE2, 9 

AGE3, or HG for 72 hours after pretreatments with human PTH-(1–34) for 24 hours. Apoptosis was analyzed 10 

by an ELISA for DNA. **P < 0.01 compared with control. The results are representative of three separate 11 

experiments and are expressed as the mean  SEM over control values (n = 6). (C) Effects of apoptosis on the 12 

concentration of RANKL of whole-cell lysates and supernatants. Control BSA, AGE2, AGE3, or HG were 13 

added for 72 hours after the cells reached confluence. RANKL protein was quantified by ELISA on 14 

whole-cell lysates or supernatants. Results are expressed as the mean  SEM (n = 6). **P < 0.01 compared 15 

with control.  16 

 17 

 18 



0

0.5

1

0

2

4

Figure 1 

A 

B 

C 

-Actin 

Sclerostin 

Cont. HG AGE2 AGE3 

 S
cl

er
o

st
in

 c
o

n
ce

n
tr

at
io

n
 

(p
g
/m

L
) 

0 

** ** 

Cont. HG AGE2 AGE3 

0

5

10

HG 

0 

5 

10 

R
at

io
 o

f 
S

cl
er

o
st

in
/ 

  
  
  
  
  
  
  
  
  
 

G
A

P
D

H
 m

R
N

A
 

AGE2 

AGE3 

- 

+ 

- 

- 

- 

- 

+ 

- 

- 

+ 

- 

+ 

- 

- 

+ 

+ 

+ 

- 

** ** ** ** 

** 

** 

2.0 

4.0 

Whole cell lysate 

0 

0.5 

** 
** 

Cont. HG AGE2 AGE3 

** 

1.0 
Supernatant 

 S
cl

er
o

st
in

 c
o

n
ce

n
tr

at
io

n
 

(p
g
/m

L
) 

D 

-Actin 

RANKL 

Cont. HG AGE2 AGE3 

0

150

300

E 

0 

150 

300 

** ** 

Cont. HG AGE2 AGE3 

Whole cell lysate 

 R
A

N
K

L
 c

o
n
ce

n
tr

at
io

n
 

(p
g
/m

L
) 

0

45

90
Supernatant 

0 

45 

90 

** ** 

Cont. HG AGE2 AGE3 

 R
A

N
K

L
 c

o
n
ce

n
tr

at
io

n
 

(p
g
/m

L
) 

F 

0

0.5

1

HG 

0 

0.5 

1 

R
at

io
 o

f 
R

A
N

K
L

/ 
  
  
  
  
  
  
  
  
  

G
A

P
D

H
 m

R
N

A
 

AGE2 

AGE3 

- 

+ 

- 

- 

- 

- 

+ 

- 

- 

+ 

- 

+ 

- 

- 

+ 

+ 

+ 

- 

** 
** 

** ** 



A 

B 

D 

Figure 2 

E 

400 bp 

ST-2 MLO-Y4 

46 kDa 

C 

ST-2 MLO-Y4 

-Actin 

RAGE 

+  

- 

- 

+ 

Cont. siRNA 

RAGE siRNA 

-Actin 

Sclerostin 

Cont. AGE2 

Cont. siRNA 

AGE3 Cont. AGE2 AGE3 

RAGE siRNA 

-Actin 

RANKL 

Cont. AGE2 

Cont. siRNA 

AGE3 Cont. AGE2 AGE3 

RAGE siRNA 



A 

B 

C 

Figure 3 

-Actin 

Sclerostin 

Cont. HG Cont. HG 

PTH 10-8 M 

-Actin 

Sclerostin 

Cont. AGE2 

PTH 10-8 M 

AGE3 Cont. AGE2 AGE3 

-Actin 

Sclerostin 

PTH 

10-8 M 

     + 

0 M 

  + 

10-9 M 

     + 

10-10 M 

      + AGE2 

-Actin 

Sclerostin 

PTH 

10-8 M 

     + 

0 M 

  + 

10-9 M 

     + 

10-10 M 

      + AGE3 

-Actin 

RANKL 

Cont. AGE2 

PTH 10-8 M 

AGE3 Cont. AGE2 AGE3 

D 

-Actin 

RANKL 

PTH 

10-8 M 

     + 

0 M 

  + 

10-9 M 

     + 

10-10 M 

      + AGE2 

-Actin 

RANKL 

PTH 

10-8 M 

     + 

0 M 

  + 

10-9 M 

     + 

10-10 M 

      + AGE3 

E 



0

70

140

0

200

400

0

2

4

A 

B 

Figure 4 

0

2

4

0

2

4

AGE2 AGE3 HG Cont. 
0 

2 

4 

A
b
so

rb
an

ce
 (

A
4

0
5

n
m
/A

4
9

2
n

m
) 

(r
el

at
iv

e 
to

 c
o
n
tr

o
l)

 

** ** 

24 h 48 h 

72 h 

0

2

4

AGE2 AGE3 HG Cont. AGE2 AGE3 HG Cont. 
0 

2 

4 

A
b
so

rb
an

ce
 (

A
4
0
5
n
m
/A

4
9
2
n
m
) 

(r
el

at
iv

e 
to

 c
o
n

tr
o
l)

 

PTH 10-8 M 

** ** 

C 

* 

* 
* 

** 

200 

400 

** ** 

Whole cell lysate 

0 

70 

140 
** 

** 

Cont. HG AGE2 AGE3 

Supernatant 

AGE2 AGE3 HG Cont. 
0 

2 

4 

A
b
so

rb
an

ce
 (

A
4

0
5

n
m
/A

4
9

2
n

m
) 

(r
el

at
iv

e 
to

 c
o
n
tr

o
l)

 

AGE2 AGE3 HG Cont. 
0 

2 

4 

A
b
so

rb
an

ce
 (

A
4

0
5

n
m
/A

4
9

2
n

m
) 

(r
el

at
iv

e 
to

 c
o
n
tr

o
l)

 

0 

 R
A

N
K

L
 c

o
n
ce

n
tr

at
io

n
 

(p
g
/m

L
) 

Cont. HG AGE2 AGE3 

 R
A

N
K

L
 c

o
n
ce

n
tr

at
io

n
 

(p
g
/m

L
) 


