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Supplementary Information 

 

Supplementary Figures 

 

Supplementary Figure S1. Evaluation of osteoclastic function by intravital 

imaging. (A) Assessment of the bone resorptive activity of mature osteoclasts. 

Areas containing mature osteoclasts were automatically binarized from the 

original images. The mean pHocas-3 fluorescence intensities were measured 

inside (pHocas-3 signal) and outside the mature osteoclast areas (pHocas-3 

noise). The bone resorption index was calculated as the ratio of pHocas-3 signal 

to pHocas-3 noise. Green, pHocas-3; red, TRAP-tdTomato+ mature osteoclasts. 

(B) Cell shapes were automatically recognized by the image analysis software, 

and three distinct areas were defined initially (t = 0, A, cyan), in the final frame (t 

= 5, C, orange), and overlapping between these two frames (B, green). The cell 

deformation index was calculated as (A+C)/(A+B), representing the ratio of area 

change over 10 min divided by the area change during the previous time frame. 
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Supplementary Figure S2. JAK inhibitor reduced the bone adhesion area of 

osteoclast precursors at the site of inflammation. (A) Three-dimensional (3D) 

osteoclast precursor–bone adhesion analysis. A representative intravital 

multiphoton microscopic 3D image of the skull bone tissues. Green, osteoclast 

precursors expressing CX3CR1-EGFP; blue, bone tissue (second harmonic 

generation) (left, original image). 3D surface rendering of osteoclast precursors 

and bone tissues from original image (middle, surface image). The contact area 

was defined as the adhesion area of osteoclast precursors and bone tissues 

(shown in red) (right, detection of osteoclast precursor–bone adhesion). Scale 

bar: 100 µm. (B) Representative osteoclast precursor-bone adhesion analysis. 

Upper panels show CX3CR1-EGFP+ cells. Middle panels show the adhesion area 

of CX3CR1-EGFP+ cells and bone tissues. Lower panels show merged images. 

Green, CX3CR1-EGFP; red, contact area of EGFP+ cell and bone tissue (second 

harmonic generation). Scale bar: 20 µm. (C) Adhesion area between osteoclast 

precursors and bone/visual field. Steady-state: n = 17 images from 3 mice; 
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vehicle: n = 15 images from 3 mice; JAK inhibitor (JAKi): n = 22 images from 4 

mice. Statistical significance was determined by Kruskal-Wallis test. Error bars 

indicate the means ± SDs. **: P < 0.01, ***: P < 0.001. 
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Supplementary Figure S3. RNA sequence-based transcriptional profiling of 

osteoclast precursors in JAK inhibitor-treated mice. (A) Heatmap of the 

genes downregulated by JAK inhibitor (JAKi) treatment. ≤ −2-fold change (P < 

0.05; n = 3 mice per group). (B) Enriched Gene Ontology (GO) categories of 

differentially expressed genes between JAKi-treated LPS-induced inflammatory 

bone destruction model mice and vehicle-treated controls. Dot size is proportional 

to adjusted P-value. 
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Supplementary Figure S4. JAK inhibitor acted directly on osteoclast 

precursors and decreased Ccr1 expression. (A) RAW 264.7 cells pretreated 

with 100 nM JAK inhibitor (JAKi) or vehicle for 1 h were stimulated with IL-6 at a 

concentration of 10 ng/mL for 5 min or 10 min. Cell extracts were prepared and 

subjected to immunoblot analysis to detect the level of STAT1 phosphorylation 

(pSTAT1). (B) RAW 264.7 cells pretreated with 2 µM JAKi or vehicle for 1 h were 

stimulated with IL-6 at a concentration of 1.0 ng/mL for 5 min or 10 min. Cell 

extracts were prepared and subjected to immunoblot analysis to detect the level 

of STAT3 phosphorylation (pSTAT3). (C) Relative mRNA expression of Ccr1 in 

RAW 264.7 cells. The cells were cultured for 24 h with 100 nM JAKi or vehicle in 

the presence of IL-6 at a concentration of 10 ng/mL. Control: n = 5 experiments; 

vehicle: n = 3 experiments; JAKi: n = 3 experiments. Statistical significance was 

determined in one-way ANOVA. Error bars indicate the means ± SDs. *: P < 0.05, 

****: P < 0.0001. 
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Supplementary Figure S5. CCR1 antagonist reduced the bone adhesion 

area of osteoclast precursors at the site of inflammation. (A) Representative 

osteoclast precursor-bone adhesion analysis. Upper panels show CX3CR1-

EGFP+ cells. Middle panels show the adhesion area of CX3CR1-EGFP+ cells and 

bone tissues. Lower panels show the merged images. Green, CX3CR 1-EGFP; 

red, contact area of EGFP+ cell and bone tissue (second harmonic generation). 

Scale bar: 20 µm. (B) Adhesion area between osteoclast precursors and 

bone/visual field. Vehicle: n = 26 images from 3 mice; CCR1 antagonist: n = 22 

images from 3 mice. Statistical significance was determined in Mann–Whitney U 

test. Error bars indicate the means ± SDs. **: P < 0.01. 
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Supplementary Figure S6. RNA sequence-based transcriptional profiling of 

osteoclast precursors in CTLA-4 Ig-treated mice. Heatmap of representative 

chemokine receptors and S1P receptors on CX3CR1-EGFP+ osteoclast 

precursors in CTLA-4 Ig-treated LPS-induced inflammatory bone destruction 

model mice and vehicle-treated controls. Green, downregulation; red, 

upregulation. The normalized fragments per kilobase of transcript per million 

mapped reads (FPKM) represents the mean FPKM for each group (n = 3 mice 

per group). Previously reported RNA-Seq data were modified [13]. 
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Supplementary Videos 

 

Supplementary Video 1. Intravital multiphoton imaging of TRAP-tdTomato+ 

mature osteoclasts in skull bone of LPS-induced inflammatory model mice 

treated with JAK inhibitor. LPS was injected into the calvarial periosteum. 

Sequential images of the same visual field are shown. Green, pHocas-3. Red, 

TRAP-tdTomato. Scale bar: 40 µm. 

 

Supplementary Video 2. Intravital multiphoton imaging of CX3CR1-EGFP+ cells 

in skull bone of LPS-induced inflammatory model mice treated with JAK inhibitor. 

LPS was injected into the calvarial periosteum. Sequential images of the same 

visual field are shown. Green, CX3CR1-EGFP. Scale bar: 30 µm. 

 

Supplementary Video 3. Intravital multiphoton imaging of CX3CR1-EGFP+ cells 

in skull bone of LPS-induced inflammatory model mice treated with CCR1 

antagonist. LPS was injected into the calvarial periosteum. Sequential images of 

the same visual field are shown. Green, CX3CR1-EGFP. Scale bar: 30 µm. 

 


