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Figure. S1 Mφ subpopulations distinguished by F4/80 and Csf1r expression, and 33 

osteoclasts targeted by various depletion strategies. 34 

(a) Immunofluorescent analysis of Col1-GFP(+) cells at the bone injury site at 7 dpi, n = 3.  35 

(b) Immunofluorescent analysis of osteocalcin(+) cells at the bone injury site at 7 dpi, n = 3.   36 

(c- f) Immunofluorescent analysis of F4/80(+)Csf1r(+) and F4/80(+)Csf1r(–) cells at the bone 37 

injury sites at 7 dpi from Ctrl-lip or Clo-lip-treated (c, e), and AFS98 or saline-treated mice (d, 38 

f), n = 3. 39 

(g- j) Immunofluorescent analysis of F4/80(+)Csf1r(+) and F4/80(+)Csf1r(–) cells at the bone 40 

injury site at 4 and 7 dpi in Csf1rMerCreMer; Csf1r fl/fl and control mice (genotypes of control 41 

mice: Cre–, Cre+/+, Crefl/+), n = 3.  42 

(k) Immunofluorescent analysis of F4/80(+)Csf1r(+) and F4/80(+)Csf1r(–) cells at the bone 43 

injury sites at 1, 3, 5 and 7 dpi.  44 

(l) Percentage of F4/80(+)Csf1r(+) and F4/80(+)Csf1r(–) cells at the bone injury sites at 1, 3, 5 45 

and 7 dpi, n = 3.  46 

(m- o) TRAP staining using the ELF 97 phosphatase substrate of the bone injury sites at 7 dpi 47 

by macrophage depletion methods using Clo-lip (m), macrophage-lineage cell specific 48 

deletion of the Csf1r gene (n), and AFS98 (o), n = 3. The region between the two dash lines 49 

indicates the injury site. 50 

(p) Summary of Figure 1 and Fig. S1: The effects of three Mφ depletion strategies (Clo-lip, 51 

AFS98, and Csf1r conditional knockout) on F4/80(+)Csf1r(–), F4/80(+)Csf1r(+) cell faction, 52 

and osteoclasts, as well as bone regeneration outcomes. Scale bars with its value are shown 53 

in each image. Data are shown in mean+ S.D. Statistical significance was determined by 54 

unpaired Student's t-tests. P- values are shown in each graph (**: p < 0.01; ***: p < 0.001). 55 
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Figure. S2 Osteodirective Mφs support the proliferation and differentiation of stromal 62 

cells.  63 

(a) Immunofluorescent analysis of Tomato(+) cells in LepR-Cre; tdTomato mice at the bone 64 

injury sites at 7 dpi. Dash lines indicate the cortical bone surface. 65 

(b) Immunofluorescent analysis of F4/80(+) cells in LepR-Cre; tdTomato mice in the bone injury 66 

sites at 2, 3 and 4 dpi. Dash lines indicate the boundary between injury site and uninjured 67 

bone marrow.  68 

(c) Immunofluorescent analysis of F4/80(+) cells in LepR-Cre; tdTomato mice in the bone injury 69 

sites at 4 dpi following treatment with Ctrl-lip and Clo-lip. The number of F4/80(+) cells (left) 70 

and Tomato(+) cells (right) at the bone injury sites at 4 dpi treated with Ctrl-lip and Clo-lip,.n 71 

= 3. Dash lines indicate the boundary between injury site and uninjured bone marrow. 72 

(d) Immunofluorescent analysis of Ki67(+) cells in LepR-Cre tdTomato mice at the bone injury 73 

site at 4 dpi and in the uninjured bone marrow area of the diaphysis following Ctrl-lip and 74 

Clo-lip treatment.  75 

(e) Percentage of Ki67(+) LepR-Cre-labeled Tomato(+) cells among all Tomato(+) cells at the 76 

bone injury sites and in the uninjured area at 4 dpi following Ctrl-lip and Clo-lip treatment, n = 77 

3.  78 

(f) Quantitative RT‑PCR analyses of Sp7 mRNA expression in bone tissues from bone injury 79 

sites (4 dpi) and from control uninjured region of contralateral tibiae following Ctrl-lip and Clo-80 

lip treatment, n = 4.  81 

Scale bars: 1 mm in (a), 200 µm in (b), (c) and (f). Data are shown in mean+ S.D. Statistical 82 

significance was determined by unpaired Student's t-tests. P- values are shown in each 83 

graph. 84 
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Figure. S3 Presentative gene expression pattern in bone marrow F4/80(+) and Csf1r(+) 90 

cells.  91 

(a) Heatmap pf top5 marker genes that were differentially expressed in each cluster.  92 

(b) Expression patterns of osteogenic factor encoding genes Bmp2 and Osm (encoding 93 

Oncostatin M) in the UMAP visualization. The dashed line enclosed macrophage-lineage 94 

clusters.  95 
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Figure. S4 The source of activin A production.  120 

(a) Heatmap of representative pseudotime-dependent genes from single-cell RNA-seq analyses 121 

of Cxcl12-CreERT2; tdTomato (+) cells isolated from femurs at 14 days after bone marrow 122 

ablation (GSE136973).  123 

(b) UMAP visualization of 6 clusters using Seurat, highlighting three major classes of 124 

osteoblastic cells.  125 

(c) Expression patterns of Inhba in the UMAP visualization.  126 

(d, e) Quantitative RT‑PCR analyses of Acvr2a and Acvr2b mRNA expression in bone tissues 127 

from bone injury sites at 0, 2, and 4 dpi, (n = 3 - 4 mice per each group). 128 
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Figure. S5 Wnt inhibtors gene expression in bone repair.  149 

(a) Quantitative RT‑PCR analyses of Wnt inhibitors including Dkk1 to 4, Sfrp1 to 5 and Sost 150 

mRNA expression in bone tissues from bone injury sites (4 dpi) and uninjured region of 151 

contralateral tibiae (ctrl at 4dpi). n = 3 mice per each group. 152 

(b) Quantitative RT‑PCR analyses of Sost mRNA expression in bone tissues from bone injury 153 

sites (4 dpi) and uninjured region of contralateral tibiae (ctrl at 4dpi) treated with Ctrl-lip and 154 

Clo-lip (n = 4 mice per each group). 155 
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Figure. S6 Wnt4 overexpression induced osteoblastogenesis in C3H10T1/2 cells. 178 

Detection of ALP activity of C3H10T1/2 cells after transfection by eGFP, mWnt4 and mWnt3a 179 

for 24 hours, and cultured in 96-well-plate for 7 days. 180 
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