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Runx2 is required for the proliferation of osteoblast progenitors and 

induces proliferation by regulating Fgfr2 and Fgfr3 
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Supplemental Figure 1 

Real-time RT-PCR analysis 

(A) Runx1 and Runx3 mRNA expression in the calvariae of wild-type, Sp7–/–, and 

Runx2–/– mice. Data are the mean ± SE of 4-5 mice. * vs. wild-type mice. *p<0.05, 

**p<0.01. (B) Effects of the overexpression of Runx2 or Runx3 on the mRNA 

expression of Runx1, Runx2, Runx3, Fgfr1, Fgfr2, and Fgfr3 in osteoblast progenitors. 

n=3. * vs. GFP. *p<0.05, **p<0.01. Similar results were obtained in two independent 

experiments and representative data are shown. 
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Supplemental Figure 2 

Osteoblast progenitors in the perichondrium of hind limb bones in wild-type, Sp7–/–, and 

Runx2–/– mice at E18.5 

H-E stained sections (A-F) and in situ hybridization using Col2a1 (G-L) and Col1a1 

(M-R) probes in wild-type (A, D, G, J, M, P), Sp7–/– (B, E, H, K, N, Q), and Runx2–/– 

(C, F, I, L, O, R) mice. The boxed regions in A-C, G-I, and M-O are magnified in D-F, 

J-L, and P-R, respectively. Arrows indicate chondrogenic cells, which expressed both 

Col2a1 and Col1a1. Bars: 200 m. 



 4 

 

Supplemental Figure 3 

Reporter assay.  

The activation of a p6xOSE2 reporter vector by Runx2 was assayed in the presence of 

FGF2 (10 ng/ml) or FGF18 (10 ng/ml) in Runx2–/– calvaria-derived cells line (CA120-4) 

*1. * vs. Mock. **, ††p<0.01. 
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Supplemental Figure 4 

Skeletal preparation and histological analysis of limb skeletons in Sp7–/–Runx2+/+ and 

Sp7–/–Runx2+/– mice at E18.5 

(A, B) Skeletal preparation of Sp7–/–Runx2+/+ (A) and Sp7–/–Runx2+/– (B) mice. (C-F) H-

E stained sections of Sp7–/–Runx2+/+ (C, E) and Sp7–/–Runx2+/– (D, F) mice. The boxed 

regions in C and D are magnified in E and F, respectively. Arrows in A and B show  

tibiae and fibulae. 
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Supplemental Table 6 
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Supplementary method 

Analysis of mRNA expression using cDNA arrays  

Total RNA was extracted from E18.5 calvariae using the acid guanidine thiocyanate-

phenol-chloroform method according to the manufacturer's instruction (Isogen, Nippon 

Gene, Tokyo, Japan). Poly(A) mRNA was purified from total RNA using an Oligotex 

kit (Takara, Tokyo, Japan). The cRNA was amplified, labeled and hybridized to an 

Agilent SurePrint G3 Mouse Gene Expression Microarray 8 x 60 K (Agilent 

Technologies, Santa Clara, CA) according to the manufacturer’s instructions. The 

hybridized microarray slides were scanned by means of an Agilent scanner. Relative 

hybridization intensities and background hybridization values were calculated using 

Agilent Feature Extraction Software (ver. 9.5.1.1), and background hybridization values 

were calculated using Agilent Feature Extraction Software (ver. 9.5.1.1). 

 

CAGE library preparation and sequencing 

For CAGE analysis, 5x105 cells were subjected to electroporation with 1 g of each 

expression vector using the Neon Transfection System (Invitrogen) and cultured on 24-

well plates for 24h. Total RNA was extracted using ISOGEN (NipponGene) from 

cultured cells or calvarial tissue. A multiplexed CAGE library was constructed from 2 - 

5 μg total RNA sample based on nAnT-iCAGE protocol *2 (K. K. DNAForm, 

Yokohama, Japan). Briefly, total RNA was reverse transcribed using a random “N6 plus 

base 3” primer (TCTNNNNNN), using Superscript III reverse transcriptase (Thermo 

Fisher). Following oxidation (with sodium peroxide) and biotinylation of the m7G cap 

structures, first-strand-complete messenger RNA: complementary DNA 

(mRNA:cDNA) hybrids were bound with streptavidin beads, pulled down with a 
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magnet, and released. This was followed by RNaseH and RNaseONE treatments, 

ligation of the 5′ linker, and ligation of 3′ linker comprising 6 nt index sequence. 

Finally, second-strand synthesis was performed, creating the final double-stranded DNA 

product. Multiplex deep sequencing of cDNA libraries was performed on an Illumina 

NextSeq500 sequencer. The sequenced CAGE tags were mapped to mouse reference 

genomes, mm9, using the BWA software without changing any parameters. Unmapped 

reads are then mapped to mm9 using HiSAT2. For tag clustering, the CAGE-tag 5’-

coordinates were input for CAGEr clustering followed by differential expression 

analysis using R program DESeq2.  

 

*1  Enomoto H, Shiojiri S, Hoshi K, Furuichi T, Fukuyama R, Yoshida CA et al. 

Induction of osteoclast differentiation by Runx2 through receptor activator of nuclear 

factor-kappa B ligand (RANKL) and osteoprotegerin regulation and partial rescue of 

osteoclastogenesis in Runx2–/– mice by RANKL transgene. J Biol Chem. 2003; 278: 

23971-23977 

*2  Murata M, Nishiyori-Sueki H, Kojima-Ishiyama M, Carninci P, Hayashizaki Y, 

Itoh M. Detecting expressed genes using CAGE. Methods Mol Biol. 2014; 1164: 67-85.  
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