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Introduction

The bone is a hard organ composed of calcium salts that 
support the tissues of the body. Contrary to previous 
understandings, the bones continue to undergo highly 
dynamic reconstruction to maintain their structure 

and function (1,2). The main cells involved in bone 
reconstruction include osteoclasts, which absorb damaged 
bones (3), and osteoblasts, which build new bones (4). 
Osteoclasts are unique multi-nucleated giant cells formed 
from bone marrow hematopoietic stem cells through the 
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synergistic action of multiple systemic hormones and 
cytokines (1). Enhanced osteoclast differentiation and 
functional activities are the major causes of bone diseases, 
such as osteoporosis, rheumatoid arthritis (RA), and 
pathologic fractures (5), and hypoxia is a common feature of 
these diseases (6).

The RANKL is a major osteoclastogenic molecule (7). 
RAW264.7 cells are often regarded as suitable progenitors 
for inducing osteoclasts, and can be transformed into 
osteoclasts by treatment with RANKL makes it easier for 
researchers to study osteoclasts (8). The binding of RANKL 
and its receptor (RANK) activates tumor necrosis factor 
receptor–associated factor 6 (TRAF6) (9), nuclear factor-
kappa B (NF-kB), and mitogen-activated protein kinases 
(MAPKs), including extracellular signal-regulated kinase 
1/2 (ERK1/2), p38, and stress-activated protein kinase/c-
Jun N-terminal kinase (SAPK/JNK) (10-12), and induces 
c-Fos, c-Jun, and the nuclear factor of activated T cells, 
cytoplasmic 1 (NFATc1) (13-15). These cytokines stimulate 
osteoclast differentiation by regulating the expression of 
osteoclast-related genes, including tartrate-resistant acid 
phosphatase (TRAP) (16), cathepsin K, matrix metallo-
proteinase 9 (MMP9), and β3-Integrin (17).

Hypoxia-inducible factor (HIF) is a major transcription 
factor that induces cel lular responses to hypoxic  
conditions (18). It is composed of a subunit regulated by the 
oxygen content [i.e., hypoxia-induced factor 1 α (HIF1α)], 
and a subunit of sustained expression [i.e., hypoxia-induced 
factor 1 beta (HIF1β)], which play pivotal roles in bone 
formation (19-22). Other studies have shown that MAPKs 
and HIF1α influence each other (23-25); however, the effect 
of HIF1α on MAPKs in regulating osteoclast differentiation 
and activation is unknown. Prolyl hydroxylases (PHDs) act 
as cellular oxygen sensors (26), and HIF1α is degraded by 
PHDs under normoxia (27-29). L-mimosine, which is a 
PHD inhibitor, can be used to increase HIF1α expression in 
research (30,31).

The current studies mainly focused on the effect 
of hypoxia on the microenvironment which osteoclast 
survived in rather than exploring the direct effects on 
osteoclast differentiation. In our study, we hypothesized 
that L-mimosine-induced HIF1α would directly promote 
osteoclast differentiation. Evidence that L-mimosine-
induced HIF1α directly promotes osteoclast differentiation 
will provide novel ideas and directions for research on 
the treatment of bone loss diseases. We present the 
following article in accordance with the MDAR reporting 
checklist (available at https://atm.amegroups.com/article/

view/10.21037/atm-22-4603/rc).

Methods

Media, reagents, and antibodies

L-mimosine (>98% purity; see Figure 1A) was obtained 
from Sigma-Aldrich (St Louis, MO, USA) and dissolved in 
50 mg/mL of 1 M NH4OH (31). BAY-87-2243 (a HIF1α-
specific inhibitor; see Figure 1B) was provided by Sigma-
Aldrich (St Louis, MO, USA) and dissolved in 2 mg/mL  
of dimethyl sulfoxide (32). Fetal bovine serum (FBS), 
alpha modified Eagle’s medium (α-MEM), and Dulbecco’s 
modified Eagle’s medium (DMEM) were purchased 
from Gibco (Rockville, MD, USA). Soluble recombinant 
RANKL was obtained from PeproTech (Rocky Hill, NJ, 
USA). The TRAP kit was purchased from Sigma-Aldrich 
(St Louis, MO, USA). Primary antibodies for c-Fos and 
NFATc1 were purchased from Abcam (USA), and c-Jun, 
phosphor-ERK, ERK, phosphor-p38, p38, phosphor-JNK, 
JNK, β-actin, and HIF1α were purchased from Beyotime 
(Shanghai, China).

Cell cultures

The RAW264.7 cell lines were obtained from the American 
Type Culture Collection (ATCC, Manassas, VA, USA), 
maintained in complete DMEM (a high glucose medium) 
with 10% FBS at 37 ℃ in a 5% carbon dioxide atmosphere 
and 95% humidity. The RAW264.7 cells were passaged, 
and induction started from passages 10–15 after reaching 
70–80% density. To generate osteoclasts, RAW264.7 cells  
(2×103 cells/well) were seeded into a 96-well-plate with the 
DMEM for 12 h, after which the DMEM was discarded and 
the cells were further cultured in an induction media (α-MEM) 
in the presence of 35 ng/mL RANKL and different doses of 
L-mimosine at 50, 100, and 150 μM for 5 days.

Cytotoxicity assays

To evaluate the effects of L-mimosine and BAY-87-2243 on 
the activities of the RAW264.7 cells, the cells were seeded 
into 96-well plates at a density of 2×103 cells/well and left 
overnight. Different concentrations of L-mimosine were 
fixed at 0, 50, 100, 150, and 200 μM (22). Similarly, BAY-
87-2243 was added at various concentrations (0, 5, 10, 
20, and 40 nM). After 48 h, 10 μL of Cell Counting Kit-8 
(CCK-8) solution (KeyGen Biotech, Nanjing, China) was 
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added, and cytotoxicity assays were performed using the 
CCK-8 in accordance with the manufacturer’s instructions. 
The absorbance at 450 nm was measured using a microplate 
reader (Thermo Electron Corp., Waltham, MA, USA).

TRAP staining

After osteoclast differentiation, the cells were washed 
with phosphate-buffered saline (PBS), fixed with 4% 
paraformaldehyde for 10 min, and stained for TRAP using 
a leukocyte acid phosphatase cytochemistry kit (Sigma-
Aldrich, St Louis, MO, USA) in accordance with the 
manufacturer’s instructions. TRAP-positive multi-nucleated 
cells containing 3 or more nuclei were marked as osteoclasts 
under a light microscope (OLYMPUS, Japan).

F-actin ring staining

After washing 3 times with PBS, the cells were fixed with 4% 
paraformaldehyde, and the cells were then washed 3 more 
times with PBS before permeabilization with 0.1% Triton 
X-100 and incubation with Alexa Fluor 488-phalloidin 

(Thermo Fisher Scientific, USA) for 60 min. After washing 
with PBS, the cells were incubated with 4',6-diamidino-2-
phenylindole (Roche, Basel, Switzerland) for 10 min and 
photographed under a fluorescence microscope.

Western blot analysis

The RAW264.7 cells were seeded in a 6-well plate at a 
density of 2×106 cells/well and incubated for 12 h. Similar 
to the induction of the osteoclasts, the culture medium 
was changed to induction media with or without different 
concentrations of L-mimosine to induce HIF1α for 30 min 
before stimulating with 35 ng/mL of RANKL. To inhibit 
HIF1α expression, BAY-87-2243 was added to another 
group that already contained L-mimosine and RANKL. 
The proteins were extracted from the samples using 
radioimmunoprecipitation buffer (Sigma-Aldrich St Louis, 
MO, USA) with protease and phosphatase inhibitors and 
normalized to determine protein concentrations using the 
bicinchoninic acid method. Equal amounts of protein were 
loaded onto 10% sodium dodecyl sulfate–polyacrylamide gel 
electrophoresis gels and electro-transferred to polyvinylidene 

Figure 1 L-mimosine and BAY-87-2243 exerts no cytotoxicity at the experimental concentrations. (A) The chemical structure of L-MIM. 
(B) The chemical structure of BAY-87-2243. The RAW264.7 cells were treated with different concentrations of (C) L-mimosine (0, 50, 100, 
150, and 200 μM) and (D) BAY-87-2243 (0, 5, 10, 20, and 40 nM) for 2 days. Cell viability was measured by CCK-8 assays. The data are 
expressed as the mean ± SD of the 3 independent experiments; **, P<0.01 vs. control group. L-MIM, L-mimosine; CCK-8, Cell Counting 
Kit-8.
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difluoride membranes (Bio-Rad, Hercules, CA, USA). 
After blocking in 5% non-fat milk for 1 h, appropriately 
diluted primary antibodies were added, and the membranes 
were incubated at 4 ℃ overnight. Next, the membranes 
were washed and incubated with horseradish peroxidase–
conjugated secondary antibody for 2 h at room temperature 
and detected using enhanced chemiluminescence. Finally, 
densitometric values were quantified for each band using 
ImageJ software (version 1.53 K).

RNA extraction and quantitative real-time polymerase 
chain reaction (qRT-PCR)

The RAW264.7 cells were inoculated into a 6-well plate, 
as described preceding part of the text, in the presence 
of RANKL (35 ng/mL) and treated with or without 
L-mimosine and BAY-87-2243 for 24 h. Total RNA was 
isolated from the cells using TRIzol reagent (Thermo Fisher 
Scientific, USA) in accordance with the manufacturer’s 
instructions. Complementary deoxyribonucleic acid 
was synthesized using a reverse transcriptase kit (Takara 
Biotechnology, Japan) and used as a template for qRT-
PCR with SYBR® Premix Ex Taq™ II (Takara, Japan). The 
following primers were showed in Table 1. The conditions 
for the PCR amplification reaction were: 95 ℃ for 30 s, 95 ℃  
for 5 s, and 60 ℃ for 34 s, which was repeated for a total of 
40 cycles. β-Actin was used as an internal control.

Statistical analysis

All the data are expressed as the mean ± standard deviation 
(SD). The statistical analysis was performed using SPSS 
software package version 18.0 and GraphPad Prism 8.0 
(GraphPad Software, San Diego, CA, USA). Statistical 
differences between groups were calculated and analyzed 
using a 1-way analysis of variance with Tukey’s test, and 
statistical significance was set at P<0.05.

Results

L-mimosine increases the HIF1α expression in RAW264.7 
cells

The cytotox ic i ty  assays  revea led  that  only  h igh 
concentrations of L-mimosine (200 μM; see Figure 1C) and 
BAY-87-2243 (40 nM; see Figure 1D) exerted a cytotoxic 
effect on the RAW264.7 cells. HIF1α expression in the 
RAW264.7 cells cultured with RANKL (35 ng/mL) 
with or without L-mimosine (50, 100, or 150 μM) was 
analyzed using western blot assays, and the results showed 
that HIF1α expression was positively correlated with 
L-mimosine concentration (see Figure 2A,2B). Additionally, 
in another RAW264.7 group, the cells treated with the 
specific inhibitor of HIF1α (BAY-87-2243) (10 nM) reversed 
the induction effect of L-mimosine on HIF1α expression 
(see Figure 2C,2D).

HIF1α facilitates RANKL-induced osteoclast 
differentiation and F-actin ring formation

To exclude the possible effects of L-mimosine on cell 
viability, osteoclasts were induced from the RAW264.7 
cells by RANKL (35 ng/mL) to validate the HIF1α effects 
in the osteoclastogenesis. TRAP staining is considered 
a common and reliable way to identify osteoclasts; the 
cells can be treated as osteoclasts when TRAP staining 
is positive, and the nuclear number is ≥3. On day 5, the 
control group cultured with RANKL differentiated into 
mature TRAP-positive multi-nucleated cells (red), and 
cell differentiation increased in a dose-dependent manner, 
which was stimulated by L-mimosine (see Figure 3A,3B). 
However, osteoclastogenesis enhancement was eliminated 
by the addition of BAY-87-2243 (see Figure 3C,3D). The 
F-actin ring is critical for mature osteoclasts to achieve 
bone resorption. Using rhodamine-phalloidin staining, 
our results revealed that HIF1α, which was induced by 

Table 1 The primer pairs used in this study

Gene Primer forward Primer reverse

c-Fos 5'-CGACCATGATGTTCTCGGGT-3' 5'-TCGGCTGGGGAATGGTAGTA-3'

NFATc1 5'-AGGACCCGGAGTTCGACTT-3' 5'-AGGTGACACTAGGGGACACA-3'

TRAP 5'-TGTCCGCTTGAGGGTACATT-3' 5'-GCAGGACAGCCCTTAGCATC-3'

MMP9 5'-CCAGCCGACTTTTGTGGTCT-3' 5'-CTTCTCTCCCATCATCTGGGC-3'

cathepsin K 5'-CTGGAGGGCCAACTCAAGAA-3' 5'-TGGCCCACATATGGGTAAGC-3'
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Figure 2 L-mimosine induces HIF1α expression at the protein level in osteoclast differentiation. (A) The RAW264.7 cells were treated 
with or without L-mimosine (50, 100, and 150 μM) for 0.5 h and then treated with 35 ng/mL RANKL for 24 h. Total protein was extracted 
and subjected to western blot analysis using antibodies against HIF1α. (C) RANKL-stimulated RAW264.7 cells treated with L-mimosine 
were added to BAY-87-2243 (10 nM) for 24 h. (B,D) The relative protein expressions were normalized to β-actin and analyzed by ImageJ 
software. The data are expressed as the mean ± SD of the 3 independent experiments; *, P<0.05, **, P<0.01 vs. RANKL group. HIF1α, 
hypoxia-inducible factor 1 alpha; RANKL, receptor activator of NF-kB ligand.

increasing the concentration of L-mimosine, elevated the 
number and morphology of F-actin rings (see Figure 4A-4C).  
Similar to TRAP staining, the enhanced trend of osteoclast 
differentiation by HIF1α was attenuated by BAY-87-2243 
(see Figure 5A-5C).

HIF1α enhances the RANKL-induced mRNA expression of 
osteoclast-specific genes

TRAP, cathepsin K, MMP9, and β3-integrin are osteoclast-
specific genes that play essential roles in osteoclast 
differentiation. To verify the function of HIF1α in osteoclast 
differentiation, we examined the effect of L-mimosine-
induced HIF1α expression on the mRNA expression of 
these genes. The result showed that the mRNA levels of 
these genes were increased to different degrees compared 
to the RANKL control group correlated with L-mimosine 
concentrations (see Figure 6A-6D). As expected, the 
increasing trend in these genes was eliminated by the BAY-

87-2243 treatment (see Figure 6E-6H), indicating that HIF1α 
has a promoting effect on osteoclast-specific gene expression.

HIF1α upregulates NFATc1, c-Fos, and c-Jun expression 
during osteoclast differentiation

As NFATc1, c-Fos and c-Jun are significant transcription 
factors involved in osteoclast differentiation, we explored 
whether HIF1α increased their expression with or without 
RANKL and L-mimosine using RT-PCR and western blot 
assays. As Figure 7 shows, stimulation with L-mimosine 
enhanced the mRNA (see Figure 7B-7D) and protein levels 
(see Figure 7A) of NFATc1, c-Fos, and c-Jun, compared 
to the group cultured only with RANKL. However, when 
HIF1α was inhibited by BAY-87-2243, the mRNA (see 
Figure 7I-7K) and protein levels (see Figure 7H) decreased 
to different degrees. These results confirm the promoting 
effects of HIF1α on RANKL-induced NFATc1, c-Fos, and 
c-Jun expression.
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HIF1α promotes the RANKL-activated MAPK pathway

The MAPK (p38, ERK, and JNK) pathways are involved 
in numerous cellular processes, such as proliferation, 
differentiation, motility, apoptosis, and survival. They 

are critical pathways involved in RANKL-induced 
osteoclastogenesis. Thus, to determine whether HIF1α 
affects the MAPK pathways during osteoclast differentiation, 
the protein expression levels of p-p38, p-ERK, and p-JNK 
were investigated by western blot after 35 ng/mL RANKL 

Figure 3 HIF1α enhances RANKL-induced osteoclast differentiation. (A) RANKL-stimulated RAW264.7 cells were treated for 5 d with or 
without L-mimosine and (C) additionally treated with BAY-87-2243, and then underwent TRAP staining; representative images are shown 
(magnification =100×). (B,D) TRAP-positive multi-nucleated (nuclei ≥3) cells in each treatment group were considered mature osteoclasts. 
The data are expressed as the mean ± SD of the 3 independent experiments; ##, P<0.01, vs. control group; **, P<0.01 vs. RANKL group. 
HIF1α, hypoxia-inducible factor 1 alpha; RANKL, receptor activator of NF-kB ligand; L-MIM, L-mimosine; TRAP, tartrate-resistant acid 
phosphatase; SD, standard deviation.
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Figure 4 BAY-87-2243 inhibits F-actin ring formation promoted by HIF1α. (A) RANKL-induced RAW264.7 cells treated with L-mimosine 
were added to BAY-87-2243. F-actin (red) and nuclei (blue) images were acquired by fluorescence microscope (magnification =100×). 
(B,C) Quantification analyses of F-actin ring size and number of nuclei per osteoclast. The data are expressed as the mean ± SD of the 3 
independent experiments; ##, P<0.01, vs. control group. HIF1α, hypoxia-inducible factor 1 alpha; RANKL, receptor activator of NF-kB 
ligand; L-MIM, L-mimosine; SD, standard deviation. 

stimulation with or without L-mimosine (50, 100, and 
150 μM). The results indicated that HIF1α promoted the 
phosphorylation of MAPKs (p38, ERK, and JNK) in the 
presence of RANKL (35 ng/mL). As Figure 8A-8D show, the 
phosphorylation of p38, ERK, and JNK relative to total p38, 
ERK, and JNK were significantly increased by HIF1α in the 
RAW264.7 cells. Further, the inhibition of HIF1α expression 
by BAY-87-2243 eliminated the increased expression of 
L-mimosine-induced MAPKs (see Figure 8E-8H).

Discussion

As the only multi-nucleated macrophages with bone 

resorption capacity in vivo, osteoclasts are essential for 
maintaining normal bone structures (33). Abnormal 
osteoclast activity often leads to bone loss diseases, such as 
osteoporosis (34), RA (35), and pathologic fractures (5). A 
hypoxia microenvironment is a common feature of these 
diseases (36-38). In recent years, the relationship between 
osteoclasts and hypoxia has been extensively investigated. 
HIF1α acts as a major component of the cellular response to 
hypoxia; however, the direct effect of HIF1α on osteoclasts 
has yet to be fully elucidated. This study demonstrated 
for the first time that HIF1α has a direct positive effect 
on osteoclast differentiation by upregulating the MAPK 
pathways.
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Stimulation with RANKL differentiates osteoclasts from 
RAW264.7 cells, and in the absence of RANKL, RAW264.7 
cells stabilizes proliferation rather than differentiation (39). 
HIF1α was activated in osteoclasts using L-mimosine under 
normoxic conditions. L-mimosine suppressed the activity 
of PHDs, leading to the stabilization and accumulation 
of intracellular HIF1α (40). First, HIF1α expression was 
analyzed by western blot. Compared to the untreated cells, 
HIF1α expression increased in the L-mimosine-induced 
cells in a dose-dependent manner. To ensure that HIF1α was 
not affected by other factors, the HIF1α-specific inhibitor, 
BAY-87-2243, was used with L-mimosine (see Figure 2). 

Neither L-mimosine nor BAY-87-2243 cytotoxicity was 
observed at the experimental concentrations.

To assess the effect of HIF1α on RANKL-induced 
osteoclast differentiation from RAW264.7 cells, osteoclast 
differentiation experiments were performed, and the results 
indicated that HIF1α promoted RANKL-induced osteoclast 
differentiation in a concentration-dependent manner (see 
Figure 3). A tightly enclosed zone composed of F-actin rings 
surrounds the bone surface, allowing osteoclasts to secrete 
hydrogen ions and lytic enzymes into the resorption pit to 
dissolve the bone (41,42). Thus, as HIF1α enhances F-actin 
ring formation, it also partially strengthens osteoclast 

Figure 5 HIF1α promotes F-actin ring formation. (A) RAW264.7 cells were induced with RANKL with or without L-mimosine (0, 50, 100, 
and 150 μM) at the indicated concentrations for 5 d. Images of F-actin (red) and nuclei (blue) were acquired using a fluorescence microscope 
(magnification, 100×). (B,C) Quantification analyses of F-actin ring size and number of nuclei per osteoclast. The data are expressed as the 
mean ± SD of the 3 independent experiments; ##, P<0.01, vs. control group; **, P<0.01 vs. RANKL group. HIF1α, hypoxia-inducible factor 1 
alpha; RANKL, receptor activator of NF-kB ligand; L-MIM, L-mimosine; SD, standard deviation.
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function (see Figure 3). The results of this study were 
ultimately achieved by promoting the expression levels of 
osteoclast-specific genes (i.e., TRAP, cathepsin K, MMP9, 
and β3-integrin) (see Figure 6A-6D). These effects were 
suppressed by BAY-87-2243.

Previous research has revealed that NFATc1, c-Fos, 
and c-Jun are the leading factors involved in RANKL-
induced osteoclast formation (43-45). Another report 
indicated that the absence of mice osteoclast-specific 
gene (NFATc1) impairs osteoclastogenesis and eventually 
leads to osteoporosis (46). The significance of c-Fos in 
the early stages of osteoclast formation is remarkable (47).  
Additionally, c-Fos and c-Jun regulate the NFATc1 
promoter region to enhance NFATc1 expression and its 
downstream transcriptional targets (12,48). In this study, 
the western blotting and RT-PCR results indicate that 
HIF1α positively affects the expression levels of NFATc1, 
c-Fos, and c-Jun. This positive effect was minimal after the 
inhibition of HIF1α expression (see Figure 7).

The MAPK (p38, ERK, and JNK) pathways are 
among the most significant pathways that respond to 

stimulation and deliver stimuli from the extracellular 
space into the nucleus (12). P38 enhances the activity of 
the microphthalmia-associated transcription factor and 
TRAP expression to regulate the early stages of osteoclast 
differentiation (49,50). ERK and JNK are key factors in 
the proliferation and differentiation of osteoclasts; the 
phosphorylation of ERK and JNK can induce osteoclast 
proliferation and differentiation (51). Previous study has 
shown that the phosphorylation of ERK, JNK, and p38 
is significantly increased during RANKL-stimulated 
macrophage differentiat ion into osteoclasts  (52).  
The present study showed that HIF1α increases the 
phosphorylation of p38, ERK, and JNK in RANKL-
induced osteoclasts. After BAY-87-2243 stopped the 
stimulation of HIF1α, the phosphorylation levels of p38, 
ERK and JNK were significantly reduced (see Figure 8).

In conclusion, our results demonstrated for the first 
time that HIF1α serves as a promoter in RANKL-
induced osteoclast differentiation by directly simulating 
the osteoclast MAPK signaling pathways. However, while 
the expression of HIF1α was increased, the cells were not 

Figure 6 HIF1α enhances the RANKL-induced mRNA expression of osteoclast-specific genes. The expressed mRNA levels of TRAP 
(A,E), cathepsin K (B,F), β3-integrin (C,G), and MMP9 (D,H) were quantitatively measured using qRT-PCR with or without of different 
concentrations of L-mimosine and BAY-87-2243. The data are expressed as the mean ± SD of the 3 independent experiments; ##, P<0.01, 
vs. control group; *, P<0.05, **, P<0.01 vs. RANKL group. HIF1α, hypoxia-inducible factor 1 alpha; RANKL, receptor activator of NF-kB 
ligand; L-MIM, L-mimosine; TRAP, tartrate-resistant acid phosphatase; MMP9, matrix metallo-proteinase 9; qRT-PCR, quantitative real-
time polymerase chain reaction; SD, standard deviation.
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Figure 7 HIF1α upregulates NFATc1, c-Fos, and c-Jun expression during osteoclast differentiation. (A) RANKL-stimulated RAW264.7 cells 
were treated with or without different concentrations of L-mimosine (0, 50, 100, and 150 μM). (H) RANKL-induced RAW264.7 cells were 
treated with both L-mimosine and BAY-87-2243, and proteins, including NFATc1, c-Fos, and c-Jun, were measured using western blotting. 
(E-G,L-N) The protein expression level was quantitatively analyzed relative to β-actin and calculated using ImageJ software. (B-D,I-K) 
Quantitative analyses of the relative mRNA expression of osteoclasts specific genes: transcription factors NFATc1, c-Fos, and c-Jun were 
performed by RT-PCR in the RANKL-induced RAW264.7 cells treated with L-mimosine and L-mimosine + BAY-87-2243. All the data in 
the figures are presented as the mean ± SD of the 3 independent experiments; #, P<0.05, ##, P<0.01 vs. control group; *, P<0.05, **, P<0.01 
vs. RANKL group. HIF1α, hypoxia-inducible factor 1 alpha; RANKL, receptor activator of NF-kB ligand; L-MIM, L-mimosine; RT-PCR, 
real-time polymerase chain reaction; SD, standard deviation. 
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Figure 8 HIF1α promotes the RANKL-activated MAPK pathway. RAW264.7 cells were pretreated with L-mimosine or both L-mimosine 
and BAY-87-2243 for 0.5 h, followed by 35 ng/mL of RANKL for the indicated times, and the total proteins were extracted and evaluated by 
western blot assays for the MAPK (A,E) pathways. The average ratios of phosphor-p38 relative to p38, phosphor-ERK relative to ERK, and 
phosphor-JNK relative to JNK are shown. The relative intensities of the protein bands (B-D,F-H) were quantified by ImageJ software. The 
data are expressed as the mean ± SD of the 3 independent experiments; #, P<0.05, ##, P<0.01, vs. control group; **, P<0.01 vs. RANKL group. 
HIF1α, hypoxia-inducible factor 1 alpha; RANKL, receptor activator of NF-kB ligand; L-MIM, L-mimosine; MAPK, mitogen-activated 
protein kinase; ERK, extracellular signal-regulated kinase; JNK, Jun N-terminal kinase; SD, standard deviation.

in a real state of hypoxia and nutrient deficiency, and the 
mimicking of in vitro invariant hypoxia did not truly reflect 
the changing hypoxic environment under physiological or 
pathological conditions in vivo (53). Additionally, different 
degrees and durations of low-oxygen environments have 
diverse effects on osteoclasts (54). Overall, this study 
revealed that hypoxia is a common feature of bone loss 
diseases, such as osteoporosis, pathologic bone fractures, 

and RA. Our findings may provide novel ideas and 
directions for subsequent research and the treatment of 
bone loss diseases.
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