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Appendix Figure S1 Effect of normoxia, physioxia and hypoxia on osteoclastogenesis.  

(A) Bone marrow cells were cultured with 10 ng/ml M-CSF under atmospheric air in a 

humidified incubator and then with 50 ng/ml RANKL in the presence of 10 ng/ml M-

CSF under atmospheric air or 10% oxygen for 3 days. TRAP-stained cells (left panel) 

and the number of TRAP-positive cells with more than three nuclei (right). Scale bar, 100 

µm. Data denote mean ± s.e.m. **P < 0.01 (n = 3 biological replicates; t-test). (B) BMMs 

were cultured with M-CSF and RANKL in the presence of 10 nM 1,25-dihydroxyvitamin 

D3, 100 nM prostaglandin E2 and 10 nM dexamethasone under 5%, 2% and 1% oxygen 

for 4 days. TRAP-stained cells (left panel) and the number of TRAP-positive cells with 

more than three nuclei (right). These results were similar to those from a previous 

study(Fukuoka et al., 2005), but were contrary to those from a study wherein the cells 

were cultured on ivory discs, which showed that changing the oxygen concentration from 

5% to 2% promoted osteoclast formation(Arnett et al., 2003). However, since the study 

showed that changing the oxygen concentration from 2% to 0.2% inhibited osteoclast 

formation, the ivory discs could be responsible for causing the shift in oxygen 

concentration threshold to attenuate osteoclast formation. Scale bar, 100 µm. Data denote 

mean ± s.e.m. **P < 0.01 (n = 3 biological replicates; ANOVA). (C, D) Percentage of 

BrdU-labeled CD11b+ BMMs (C) and Annexin V+ CD11b+ BMMs (D) cultured in 5% 

and 2% oxygen. Data denote mean ± s.e.m. NS, not significant (n = 3 biological 

replicates; t-test). 

  



 

  



Appendix Figure S2 Expression of Hif-1a, Hif-2a, Arnt, Vhl, Phds, ten-eleven 

translocation (TET), lysine demethylase (KDM), nucleotide hydroxylase, collagen 

prolyl hydroxylase and prolyl hydroxylase families during osteoclast differentiation.  

Bone marrow cells were cultured with 10 ng/ml M-CSF and then cultured with 50 ng/ml 

RANKL in the presence of 10 ng/ml M-CSF for 3 days. Total RNA was extracted from 

the cells 0, 24 and 72 h after RANKL stimulation and was then converted into cDNA by 

reverse transcription. Biotinylated cRNA was then synthesized by in vitro transcription. 

After cRNA fragmentation, hybridization with the mouse genome 430 2.0 array 

(Affymetrix) was performed. The data set has been deposited in the Genome Network 

Platform (http://genomenetwork.nig.ac.jp/). GeneChip analysis of Hif-1a, Hif-2a, Arnt, 

Vhl and Phds mRNA (A) (n = 1), and mRNA encoding for ten-eleven translocation 

enzyme (TET), lysine demethylase (KDM), nucleotide hydroxylase, collagen prolyl 

hydroxylase and prolyl hydroxylase families (B) (n = 1). 

  



 
  



Appendix Figure S3 Enzymatic activity of iron (II)- and 2-oxoglutarate-dependent 

dioxygenases.  

The KM values for oxygen in hydroxylation reaction by dioxygenases were determined as 

previously described(Hancock et al, 2017; Hirsila et al., 2003; Koivunen et al, 2004; 

Laukka et al., 2016). 

  



 
  



Appendix Figure S4 A plot of the difference in the reaction rate between pO2 of 36.9 and 

17.4 mmHg as a function of the Km values for oxygen in hydroxylation reaction by 

dioxygenases that obeys Michaelis-Menten kinetics (n = 1). 

  



 
  



Appendix Figure S5 Effect of physiological hypoxia on histone modifications and 

DNA methylation.  

(A) Methylation of histone H3 in BMMs stimulated with RANKL and cultured under 5% 

and 2% oxygen for 3 days. (B) DNA methylation in BMMs stimulated with RANKL and 

cultured under 5% and 2% oxygen for 3 days. Dot blot assay was performed using anti-

5mC antibody (Left). Ethidium bromide staining was used to monitor equivalent DNA 

loading (right).  

  



 

  



Appendix Figure S6 Bone phenotype of osteoclast-specific Tet2- and Tet3-deficient 

mice.  

μCT analysis of the femurs of 10-week-old control (n = 3) and Tet2CX3CR1
–/–; Tet3a CX3CR1

–

/– (n = 3) male mice (left top panel: longitudinal view; left bottom panel: axial view of the 

metaphyseal region). Scale, 0.5 mm. Data denote mean ± s.e.m. **P < 0.01 (n = 5 

(control) and n = 3 (Tet2CX3CR1
–/–; Tet3a CX3CR1

–/–) biological replicates; t-test). 

  



 
  



Appendix Figure S7 Effect of Tet2 and Tet3 deficiency on osteoclastogenesis.  

(A) Expression of osteoclastogenic genes in wild-type control and Tet2Rank
–/–; Tet3aRank

+/– 

BMMs stimulated with RANKL. Data denote mean ± s.e.m. **P < 0.01 (n = 4 biological 

replicates; t-test). (B) Effect of TETs overexpression on osteoclastogenesis of wild-type 

control and Tet2Rank
–/–; Tet3aRank

+/– BMMs stimulated with RANKL. For overexpression 

of TET derivatives, RNA transfection was performed with the Lipofectamine 

MessengerMAX according to the manufacturer’s instructions. Synthetic capped RNA 

was prepared with the mMESSAGE mMACHINE T7 ULTRA Transcription kit using 

linearized DNA of the pcDNA3-FLAG-tagged TET derivatives and then purified using 

the RNeasy Mini kit. Two hours after transfection with RNA, BMMs were cultured with 

50 ng/ml RANKL in the presence of 10 ng/ml M-CSF for 3 days. TRAP-stained cells 

(left panel), the number of TRAP-positive cells with more than three nuclei (upper right) 

and the expression of exogenous TET proteins (lower right). Scale bar, 100 µm. Data 

denote mean ± s.e.m. **P < 0.01; NS, not significant (n = 4 biological replicates; 

ANOVA). 

  



 

  



Appendix Figure S8 Effect of a broad-spectrum inhibitor of 2-oxoglutarate-

dependent oxygenase, IOX1, and a TET-specific inhibitor, Octyl-2-

hydroxyglutarate (2HG) on cell proliferation, survival and differentiation. 

(A) Effect of IOX1 and 2-HG on osteoclast formation. Scale bar, 100 µm. Data denote 

mean ± s.e.m. **P < 0.01; NS, not significant (n = 3 biological replicates; ANOVA). (B) 

Effect of IOX1 and 2-HG on the expression of osteoclatogenic genes. Data denote mean 

± s.e.m. **P < 0.01; NS, not significant (n = 3 biological replicates; ANOVA). (C, D) 

Percentage of BrdU-labeled CD11b+ BMMs (C) and Annexin V+ CD11b+ BMMs (D) 

treated with 50 µM IOX1 or 100 µM 2HG. Data denote mean ± s.e.m. NS, not significant 

(n = 3 biological replicates; ANOVA).  

  



 
  



Appendix Figure S9 Effect of NFATc1 overexpression on osteoclastogenesis. 

(A) MeDIP-qPCR analysis to validate regions that are hypermethylated in Tet2Rank
–/–; 

Tet3aRank
+/– BMMs stimulated with RANKL for 2 days. Data denote mean ± s.e.m. *P < 

0.05 (n = 3-4 biological replicates; t-test). (B) Gene expression of TET target candidates 

in BMMs stimulated with RANKL for 2 days. Data denote mean ± s.e.m. **P < 0.01 (n 

= 7 biological replicates; t-test). (C) Protein expression of exogenous NFATc1 in control 

and Tet2Rank
–/–; Tet3aRank

+/– BMMs stimulated with RANKL for 2 days. (D) Effect of 

NFATc1 overexpression on osteoclast formation from untreated BMMs or BMMs treated 

with IOX1 or 2HG. TRAP-stained cells (left panel), protein expression of exogenous 

NFATc1 (upper right) and the number of TRAP-positive cells with more than three nuclei 

(lower right). Scale bar, 100 µm. Data denote mean ± s.e.m. *P < 0.05; **P < 0.01 (n = 

3 biological replicates; t-test). (E) Protein expression of exogenous NFATc1 in BMMs 

stimulated with RANKL for 2 days under 5% and 2% oxygen. 
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