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Supplementary Fig. S1. CIP2A does not affect osteogenic differentiation. (A-D) Representative ALP and ARS staining of MC3T3-E1 cells transduced with Ad-CIP2A, Ad-shCIP2A, or respective controls. (E-G) qPCR and Western blot of RUNX2 and ALP, showing unchanged osteoblast markers. (H-I) In vivo OCN immunohistochemistry and quantification in OVX mice. (J) Serum P1NP after AAV treatments. (K) CCK-8 assay showing similar MC3T3-E1 cells proliferation with TD52 (0–10 μM). (L–M) ALP and ARS staining with increasing TD52 concentrations, showing no effect on osteogenic differentiation. Data are presented as mean ± SD. N = 3 (A-G, K-M) or N = 8 mice/group (H-J). Scale bars: 200 μm (ALP), 100 μm (ARS), 500 μm or 200 μm (OCN). ns, not significant. 
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Supplementary Table S1. Small-molecule compounds used in this study
	Compound
	Supplier
	Catalog No.              
	Town  and country

	TD52
	MedChemExpress
	HY-135699
	Monmouth Junction, NJ, USA

	10058-F4
	MedChemExpress
	HY-12702
	Monmouth Junction, NJ, USA

	740 Y-P
	MedChemExpress
	HY-P0175
	Monmouth Junction, NJ, USA

	LY294002
	MedChemExpress
	HY-10108
	Monmouth Junction, NJ, USA





















Supplementary Table S2. Antibodies used in this study
	Antibody
	Supplier
	Catalog No.
	Town  and country

	CIP2A
	Santa Cruz Biotechnology
	sc-80659
	Dallas, TX, USA

	HMGA1
	Abclonal
	A4343
	Wuhan, China

	OTUD4
	Proteintech
	25070-1-AP
	Wuhan, China

	CTSK
	Santa Cruz Biotechnology
	sc-48353
	Dallas, TX, USA

	c-Myc
	Proteintech
	10828-1-AP
	Wuhan, China

	AKT
	Proteintech
	10176-2-AP
	Wuhan, China

	p-AKT
	Proteintech
	66444-1-Ig
	Wuhan, China

	MMP-9
	Proteintech
	10375-2-AP
	Wuhan, China

	OCN
	Proteintech
	23418-1-AP
	Wuhan, China

	ALP
	Abclonal
	A0514
	Wuhan, China

	RUNX2
	Abclonal
	A2851
	Wuhan, China

	β-actin
	Proteintech
	20536-1-AP
	Wuhan, China

	Goat anti-mouse IgG
	Jackson ImmunoResearch
	115-035-003
	West Grove, PA, USA

	Goat anti-rabbit IgG
	Jackson ImmunoResearch
	115-035-003
	West Grove, PA, USA









Supplementary Table S3. Assay kits used in this study
	Kit
	Supplier
	Catalog No.
	Town  and country

	TRAP staining kit
	Sigma-Aldrich
	387A
	St. Louis, MO, USA

	Alizarin Red S staining kit
	Beyotime
	C0148S
	Shanghai, China

	ALP staining kit
	Beyotime
	C3206
	Shanghai, China

	Mouse osteogenic induction medium
	Cyagen
	MUXMX-90021
	Santa Clara, CA, USA

	BCA protein assay kit
	Boster
	AR1046
	Pleasanton, CA, USA

	Reverse transcription kit
	Vazyme
	R302-01
	Nanjing, China

	RT-qPCR kit
	Vazyme
	Q321-02/03
	Nanjing, China

	PAGE gel kit
	Yeasen
	41101ES50
	Shanghai, China

	CCK-8 kit
	Boster
	AR1160
	Pleasanton, CA, USA

	ELISA kit (CTX-1)
	Bangyi
	RK00039
	Shanghai, China

	ELISA kit (P1NP)
	Westang
	F57610
	Shanghai, China











Supplementary Table S4. Other reagents and materials used in this study
	Reagent
	Supplier
	Catalog No.
	Town  and country

	α-MEM medium
	Gibco
	12561056
	Grand Island, NY, USA

	FBS
	Biological Industries
	04-001-1CS
	Kibbutz Beit Haemek, Israel

	RANKL
	R&D Systems
	462-TR
	Minneapolis, MN, USA

	M-CSF
	R&D Systems
	416-mL
	Minneapolis, MN, USA

	Trypsin
	Gibco
	25200056
	Grand Island, NY, USA

	Penicillin/Streptomycin
	Boster
	PYG0016
	Pleasanton, CA, USA

	DMSO
	Sigma-Aldrich
	D8418
	St. Louis, MO, USA

	RIPA lysis buffer
	Boster
	AR0102
	Pleasanton, CA, USA

	Protease/phosphatase inhibitors
	Boster
	AR1141
	Pleasanton, CA, USA

	Protein A/G beads
	MedChemExpress
	HY-K0202
	Monmouth Junction, NJ, USA

	Protein marker
	Yeasen
	20352ES90
	Shanghai, China

	Loading buffer
	Yeasen
	20315ES20
	Shanghai, China

	PVDF membrane
	Millipore
	IPVH00010
	Burlington, MA, USA

	ECL reagent
	Thermo Fisher
	32106
	Waltham, MA, USA

	Phalloidin
	Sigma-Aldrich
	P1951
	St. Louis, MO, USA

	Osteo Assay Surface
	Corning
	3988
	NY, USA

	DAPI
	Sigma-Aldrich
	D9542
	St. Louis, MO, USA

	4% paraformaldehyde
	Boster
	AR1069
	Pleasanton, CA, USA

	EDTA decalcification
	Boster
	AR1071
	Pleasanton, CA, USA






















Supplementary Table S5. RT-qPCR primer sequences used in this study
	Genes
	Forward (5′→3′)
	Reverse (5′→3′)

	Cip2a
	AGGAGGAGATGCTGGTGTTG
	CTGCTGTTGGTGATGTTGGC

	Hmga1
	GGTCGGGAGTCAGAAAAGAGC
	ATTCTTGCTTCCCTTTGGTCG

	Myc
	GTGTCTGTGGAGAAGAGGCA
	TTGGCACTAGAGACGGACAGA

	Ctsk
	CTCGGCGTTTAATTTGGGAGA
	TCGAGAGGGAGGTATTCTGAGT

	MMP-9
	TGTACCGCTATGGTTACACTCG
	GGCAGGGACAGTTGCTTCT

	Runx2
	CCGCACGACAACCGCACCATT
	CGCTCCGGCCCACAATCTC

	Alp
	GCCTTACCAACTCTTTGTGCC
	CACCCGAGTGGGTAGTCACAAT

	β-actin
	AGCTTCTTTGCAGCTCCTTCG
	CCTTCTGACCCATTCCCACC
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