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Figure S1: Osteoblast-specific deletion of Shn3 increases bone mass in the long bones. 

MicroCT analysis shows a significant increase in trabecular bone mass and cortical thickness of 

one-month-old Shn3Pdgfra (A), Shn3Prx1 (B), Shn3Dmp1 (C) femurs compared to Shn3fl/fl femurs 

(n = 5/group). A two-tailed unpaired Student’s t-test for comparing two groups (A–C; error bars, 

data represent mean ± SD). 
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Figure S2: Biodistribution of locally or systemically injected rAAV9 in mice. 

(A) The AAV vector genome containing the CMV enhancer/chicken b-actin promoter (CBA), an 

Egfp reporter gene (EGFP), amiR-ctrl, amiR-SHN3, b-globin polyA sequence (PA), and inverted 

terminal repeat (ITR) was packaged into rAAV9 or dss.AAV9 capsid. (B) Diagram of the study 
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and treatment methods for Figure 4A–D. 2-month-old mice were treated with EGFP-expressing 

rAAV9 (rAAV9.egfp) or dss.rAAV9 (dss.rAAV9.egfp) via intravenous (IV, 2.5 x 1013 vg/kg) 

injection or periodontal ligament (PL, 2.5 x 1012 vg/kg) injection to the mandibular first molar. 10 

days later, EGFP expression in individual tissues was assessed by fluorescence microscopy in 

cryosectioned tissues (C, D). Sham or OVX surgery was performed on 3-month-old female mice 

and 4 weeks later, mice were injected IV with dss.rAAV9 carrying amiR-ctrl or amiR-SHN3 (2.5 

x 1013 vg/kg). 8 weeks later, mRNA levels of Shn3, MyoD, and Myogenin in the skeletal muscle 

were measured by RT-PCR (n = 6 - 8/group, E). Alternatively, the skeletal muscle was stained with 

H&E (F), suggesting that SHN3 is dispensable of muscle homeostasis. PDL: periodontal ligament, 

ob: osteoblast, ocy: osteocyte. Scale bar, 100 µm, C, F; 50 µm, D. Ordinary one-way ANOVA with 

Dunnett’s multiple comparisons test (E; data represent mean ± SD). Representative images of three 

replicates are displayed (C, D, F).   
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Figure S3: Characterization of the liver/heart-detargeting AAV. 

(A) Expression of heart-abundant miR-208a and liver-abundant miR-122 in the mandible, liver, 

and heart was measured by RT-PCR analysis (n =3/group). (B) 2-month-old mice were injected IV 

with PBS, dss.AAV9.egfp, or dss.rAAV9.egfp.MIR-TS (2.5 x 1013 vg/kg) and ten days later, EGFP 

expression in the liver and heart was assessed by fluorescence microscopy (n = 3/group, scale bar: 

200 µm). (C) Diagram of the study and treatment methods for Figure 5G-K. Sham or ovariectomy 

(OVX) surgery was performed on 3-month-old female mice, and four weeks later, mice were 

treated with PBS or dss.rAAV9 carrying egfp, amiR-ctrl, amiR-SHN3, or amiR-SHN3-MIR-TS (2.5 

x 1012 vg/kg) via PL injection. Eight weeks after injection, egfp and Shn3 expression and alveolar 

bone mass were assessed (n = 5/group). Ordinary one-way ANOVA with Dunnett’s multiple 

comparisons test (A; data represent mean ± SD). Representative images of three replicates are 

displayed (B). 
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Figure S4: Vibration treatment does not affect the skull, mandible, and tooth structure. 

(A) Diagram of the study and treatment methods. Calvarial osteoblasts (COB) were incubated for 

two days and then transduced with dss.rAAV9.pLef/Tcf-egfp (4 x 106 vg/cell) for two days and 

cultured in osteoblast differentiation medium (DM) for two days. AAV-treated cells were 

stimulated with recombinant WNT3a or flow stress for 72 hours. EGFP expression was assessed 

by fluorescence microscopy and RT-PCR. (B-D) 2-month-old mice were treated with 

dss.rAAV9.pLef/Tcf-egfp (2.5 x 1012 vg/kg) via PL injection into the mandibular first molar and 

two days later, the mandible was stimulated daily with high-frequency vibration (HFV) for up to 

fifteen days. Representative photographs show that the molar structure of AAV-treated mandibles 

is grossly normal (B). Representative 2D microCT images and relative quantification show little 

to no effects of high-frequency vibration (HFV) treatment on skull length, intercondylar distance, 
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and mandible length (C, D). Ordinary one-way ANOVA with Dunnett’s multiple comparisons test 

(D; data represent mean ± SD). Representative images of three replicates are displayed (B, C). 
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Figure S5: Effects of HFV treatment on AAV’s biodistribution in mice.  

2-month-old mice were treated with dss.rAAV9.pLef/Tcf-egfp (2.5 x 1012 vg/kg) via PL injection 

into the mandibular first molar and two days later, the mandible was stimulated daily with HFV 

treatment for 10 days. EGFP expression in individual tissues was assessed by IVIS optical 

imaging system (A) and RT-PCR (n = 4/group, B). Ordinary one-way ANOVA with Dunnett’s 

multiple comparisons test (B; data represent mean ± SD). Representative images of three 

replicates are displayed (A).  
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Figure S6. Vibration-inducible AAV-mediated silencing of SHN3 or SHN3/SOST does not 

affect tooth dentin formation in osteoporotic mice. 

(A) Correlation analysis of mRNA expression of egfp and WNT-responsive genes, Axin2 and Lef1. 

The experiments were performed in Figure 6E. (B) Diagram of the mechanical stress-responsive 

AAV containing amiR-ctrl, amiR-SHN3, or amiR-SHN3/SOST. The CBA promoter was replaced 

with the LEF/TCF promoter (pLef/Tcf). (C) Diagram of the study and treatment methods for 
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Figure 7. Sham or OVX surgery was performed on 3-month-old female mice and four weeks later, 

mice were treated with dss.rAAV9.pLef/Tcf carrying amiR-ctrl, amiR-SHN3, or amiR-SOST/SHN3 

(2.5 x 1012 vg/kg) via PL injection to the mandibular first molar. Two days later, AAV-treated 

mandibles were stimulated daily with HFV for ten days. Seven weeks later, mice were treated with 

calcein and alizarin red via intraperitoneal injection at six-day intervals and then euthanized. (D) 

Representative calcein/alizarin red labeling images and relative histomorphometric quantification 

of dentin deposition rates in the mandibular incisor are displayed (E). Ordinary one-way ANOVA 

with Dunnett’s multiple comparisons test (E, F; data represent mean ± SD). Representative images 

of five replicates are displayed (D). 
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Figure S7. Comparison between constitutive and vibration-inducible silencing efficiency of 

Shn3 in alveolar bone using the CBA and pLEF-1/TCF promoter, respectively. 

2-month-old mice were treated with dss.rAAV9.pCBA carrying amiR-ctrl or amiR-SHN3 or 

dss.rAAV9.pLef/Tcf carrying amiR-SHN3 (2.5 x 1012 vg/kg) via PL injection into the mandibular 

first molar and two days later, the mandible was stimulated daily with HFV treatment for 10 days. 

Egfp, Shn3 and Alp mRNA expression was measured by RT-PCR (n = 5–7/group). Ordinary one-

way ANOVA with Dunnett’s multiple comparisons test (data represent mean ± SD). 
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Table S1: Sequences of primers and plasmids1 
Gene Forward Reverse 

Human SHN3 GCCCTATGTGTGCAAGCACTGT AGTCCTGGAACAGGTCGTCACT 

Mouse Shn3 AGAGGCCATTCAGACGAGTGT CTGCGGAAGCTGAGAGATGT 

Mouse Gapdh ACTGAGCAAGAGAGGCCCTA TATGGGGGTCTGGGATGGAA 

Mouse Actb AGGGAAATCGTGCGTGACAT GAACCGCTCGTTGCCAATAG 

Mouse Lef1 CCAAGCAAGGCATGTCCAGACACC GCCTGACAGTGAGGATGGGTAGGG 

Mouse Bglap GCAGCACAGGTCCTAAATAG GGGCAATAAGGTAGTGAACAG 

Mouse Dkk1 ATCTGTCTGGCTTGCCGAAAGC GAGGAAAATGGCTGTGGTCAGAG 

Human BGLAP AGAGTCCAGCAAAGGTGCAG TCAGCCAACTCGTCACAGTC 

Human IBSP CAACAGCACAGAGGCAGAAA TTGTGGTGGGGTTGTAGGTT 

Mouse Axin2 GCAGATGAACCTGAAGGATACC TTGATGCCATCTCGTATGTAGG 

Mouse Sost CTTCAGGAATGATGCCACAGAGGT ATCTTTGGCGTCATAGGGATGGTG 

Mouse Hprt CTGGTGAAAAGGACCTCTCGAAG CCAGTTTCACTAATGACACAAACG 

Human HPRT GCTATAAATTCTTTGCTGACCTGCTG AATTACTTTTATGTCCCCTGTTGACTGG 

Human COL1A1 GATTCCCTGGACCTAAAGGTGC AGCCTCTCCATCTTTGCCAGCA 

Human AXIN2 CAAACTTTCGCCAACCGTGGTTG GGTGCAAAGACATAGCCAGAACC 

EGFP AGCAAAGACCCCAACGAGAA GGCGGCGGTCACGAA 

EGFP-probe 6FAM-CGCGATCACATGGTCCTGCTGG-TAMRA 

(AspSerSer)62 GATTCATCAGATTCTTCTGATTCATCCGACTCTTCTGACAGTTCAGACAGCTCT 
miR-1223/ 
miR-208a4-TS 

acaagctttttgctcgtcttatacaagctttttgctcgtcttatacaagctttttgctcgtcttatacaaacaccattgtcacactccaaca 
aacaccattgtcacactccaacaaacaccattgtcacactcca 

CBA promoter5 

tctccccatctcccccccctccccacccccaattttgtatttatttattttttaattattttgtgcagcgatgggggcggggggggggggggg
gggggcgcgcgccaggcggggcggggcggggcgaggggcggggcggggcgaggcggagaggtgcggcggcagccaatcag
agcggcgcgctccgaaagtttccttttatggcgaggcggcggcggcggcggccctataaaaagcgaagcgcgcggcgggcggg
cgggatc 

Lef/Tcf promoter6 
cgagctcttacgcgagatcaaagggggtaagatcaaagggggtaagatcaaaggggcgcgagatcaaagggggtaagatca 
Aagggggtaagatcaaagggggtaagatcaaaggggcgcgcccgcgtgctagcccgggctcgagatctagactctagaggg 
tatataatggaagctcgaattccagcttggcattccggtactgttggtaaaaagcttggcattccggtactgttggtaaa 

amiR-33-ctrl 
(amiR-ctrl) 

tttgtcttttatttcaggtcccagatctagggctctgcgtttgctccaggtagtccgctgctcccttgggcctgggcccactgacagc
cctggtgcctctggccggctgcacacctcctggcgggcagctgtgttactgtaggatcgagagggatgttctggcaatacctgtc
cctctccttactacagtaacacggaggcctgccctgactgcccacggtgccgtggccaaagaggatctaagggcaccgctgag
ggcctacctaaccatcgtggggaataaggacagtgtcacccctgcaggggatccggtggtggtgcaaatca 

amiR-33-mouse 
shn3 (amiR-shn3) 

tttgtcttttatttcaggtcccagatctagggctctgcgtttgctccaggtagtccgctgctcccttgggcctgggcccactgacagc
cctggtgcctctggccggctgcacacctcctggcgggcagctgtgtacaaactacttgagagcaggtgttctggcaatacctgc
ctgctctgtaatagtttgtacacggaggcctgccctgactgcccacggtgccgtggccaaagaggatctaagggcaccgctga
gggcctacctaaccatcgtggggaataagg acagtgtcacccctgcaggggatccggtggtggtgcaaatca 

amiR-33-mouse 
sost (amiR-sost) + 

gatctagggctctgcgtttgctccaggtagtccgctgctcccttgggcctgggcccactgacagccctggtgcctctggccggct
gcacacctcctggcgggcagctgtgtgacctctgtggcatcattcctgttctggcaatacctgggaatgatcgcgcagaggtcac
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human amiR-33 
-mouse shn3 
(hs-amiR-shn3) 

acggaggcctgccctgactgcccacggtgccgtggccaaagaggatctaagggcaccgctgagggcctacctaaccatcgt
ggggaataaggacagtgtcacccctgcaggggatccggtggtggtgcaaatcaaagaactgctcctcagtggatgttgccttta
cttctaggcctgtacggaagtgttacttctgctctaaaagctgcggaattgtacccgcggccgatccaccggtcgccaccatggg
gcagccttggagtgggttcctgccccctcgggcacacaaacagagctgaagaccaccctgggcacctccttggctggccgca
tacctcctggcgggcagctgtgtacaaactacttgagagcaggtgttctggtggtacccacctgctctgtaatagtttgtacacag
aggcctgcctggccctcgagagactgccctgactgaaggccctatcaggtgggggaggggatcctgatagagggcactgctg
ccactgttggggcccaagaagct 

Human amiR-33-
human shn3 
(hs-amiR-hshn3)1 
 

ggcagccttggagtgggttcctgccccctcgggcacacaaacagagctgaagaccaccctgggcacctccttggctggccgc
atacctcctggcgggcagctgtgtttccatggtaagttcaaggctgttctggtggtacccagccttgaagatgccatggaaacac
agaggcctgcctggccctcgagagactgccctgactgaaggccctatcaggtgggggaggggatcctgatagagggcactg
ctgccactgttggggcccaag 
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