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be conducted mostly during 
Years 1-3. Completion of final 
experiments and follow-up 
experiments required for 
publication are planned in 
Year 4.  

Advisory Committee. As a young Investigator, it is important to seek feedback fro trusted mentors with 
relevant expertise. As part of this study, the PI (Rios) will present to a team of mentors including experts in 
human genetics (Drs. Helen Hobbs and Jonathan Cohen-both at UTSW) and experts in evaluating mouse 
models of skeletal development (Dr. Jerry Feng-TAMUHSC in Dallas & Dr. Florent Elefteriou-Baylor College of 
Medicine in Houston). All advisors have agreed to meet twice annually (see letters of support) to provide critical 
feedback regarding the scientific progress and rigor of this study. The PI (Rios) has established relationships  
and/or collaborations with all advisors. 
Future Directions. This study establishes a framework to utilize patient-derived cell lines to discover novel 
genetic regulators of skeletal development and regeneration. Furthermore, this study presents an experimental 
design to understand the molecular mechanisms associated with fracture healing defects through time-series  
single-cell expression analyses. Finally, we show our ability to develop novel mouse models to functionally 
investigate how specific genetic alteration identified in children alter fracture healing in vivo. In subsequent 
years, we expect this study to continue identifying and characterizing novel genes (such as those identified in 
Aim 1), to continue investigating Met signaling in skeletal development and fracture healing (such as through 
generation of a MetY1003S mouse model), and to translate mechanistic discoveries made through time-series 
scRNAseq to test evidence-based therapies in vitro and in vivo. For example, we are currently funded to test a 
novel therapy to rescue osteogenic differentiation in NF1-associated bone regeneration defects. With regard to 

Year 1 Year 2 Year 3 Year 4

Aim 1a (WES, microarray) ✓

Aim 1b ✓ ✓ ✓

Aim 1c (CRISPR mice) ✓ ✓

Aim 2a (RNAseq) ✓

Aim 2b (scRNAseq) ✓ ✓ ✓ (continue analysis)

Aim 3a (MetΔJMD) ✓ ✓

Aim 3b (MetJMD-flox) ✓ ✓ ✓

Exon 14 Exon 15 (JMD) Exon 16aagtc tcctg aatgg aggtt

Deleted sequence

Exon 16Exon 14 aagtcaggtt

Met c.961+134 Met c.1007+541

Exon 14 Exon 15 (JMD) Exon 16

Met c.961+141 Met c.1007+529

Deleted sequence

Exon 16Exon 14

MetΔJMD 

MetJMD-flox

Fig 11. Generation of novel Met mouse lines. (top) MetΔJMD mice were generated 
using crRNAs flanking Met exon 15. Using Sanger sequencing, we resolved the 
exact breakpoints and show the resultant sequence lacks exon 15. (bottom) MetJMD-
flox mice were generated using the same crRNAs together with a single-stranded 
oligonucleotide donor to introduce LoxP sites flanking the exon. LoxP sites are 
located as shown.
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Figure S4
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Figure S6
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Figure S7
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Supplemental Figure 1. Confirmation of skeletal progenitor cell populations. (A) Schematic of 

the Met locus indicating the location of the exon 15 deletion in MetΔJMD mice. (B and C) Relative 

expression of the BMSC marker gene LepR (B) and the PEC marker gene Postn (C) in control 

(Met+/+; n=3-4) and MetΔJMD (n=3-4) BMSCs (black) and PECs (blue). Statistically significant 

differences were determined by 2-way ANOVA with Sidak multiple test correction. (D and E) 

Allele-specific expression of wild-type (D) and mutant (E) Met alleles in control (Met+/+; n=6-9) 

and MetΔJMD (n=8-9) BMSCs and PECs. Statistically significant differences were determined by 

2-way ANOVA with Sidak multiple test correction. (F) Western blot quantification of S6 

activation in serum-starved BMSCs and PECs from control (n=7) and MetΔJMD (n=6) mice. (G) 

Time-course cell count quantification of PECs from control (n=3) and MetΔJMD (n=3) mice. 

Statistically significant differences were determined by 2-way ANOVA with Sidak multiple test 

correction. (H) Quantification of cell cycle stage by flow cytometric analysis of PECs from 

control and MetΔJMD mice (n=3 per group). RT-qPCR from cultured cells and other quantification 

data are presented as mean ± SEM. **, p<0.01; ***, p<0.001; ****, p<0.0001. 

 

Supplemental Figure 2. Microstructure analysis of adult MetDJMD mice. (A-C) Relative 

expression of the osteogenic genes Runx2 (A), Osx (B), and Ocn (C) in control (n=4-6) and 

MetDJMD (n=6) PECs prior to (undifferentiated, black) and following osteogenic differentiation 

(Osteogenesis, blue). Statistically significant differences were determined by 2-way ANOVA 

with Sidak multiple test correction. (D-G) Distal femur trabecular bone volume/tissue volume 

(D; Tb. BVTV), trabecular spacing (E; Tb. Sp.), trabecular thickness (F; Tb. Th.), and trabecular 

number (G; Tb. N.) in control (black; n=49-52) and MetDJMD (blue; n=50-51) male and female 

mice. Statistically significant differences were determined by 2-way ANOVA with Sidak 



multiple test correction. (H-I) Osteoblast number per trabecular bone perimeter (H; N. Ob./B. 

Pm.) and osteoclast number per trabecular bone perimeter (I; N. Oc./B. Pm.) in control (black; 

n=3-7) and MetDJMD (blue; n=4-6) male and female mice. Statistically significant differences 

were determined by 2-way ANOVA with Sidak multiple test correction. (J-L) Relative 

expression of the osteogenic genes Runx2 (J), Osx (K), and Ocn (L) in control (n=4-6) and 

MetDJMD (n=4-6) PECs prior to (undifferentiated, black) or following standard osteogenic 

differentiation (Osteo., blue) or osteogenic differentiation with BMP2 (Osteo.+BMP2, orange). 

Statistically significant differences were determined by 2-way ANOVA with Tukey multiple test 

correction. RT-qPCR from cultured cells and other quantification data are presented as mean ± 

SEM. *, p<0.05; **, p<0.01; ***, p<0.001; ****, p<0.0001. 

 

Supplemental Figure 3. Response of MetDJMD PECs to capmatinib treatment. (A) Quantification 

of cell adhesion in control (Met+/+) or MetDJMD (blue) PECs treated with vehicle (Veh.) or 

capmatinib (capmat.) (n=5 per group). Statistically significant differences were determined by 1-

way ANOVA with Tukey multiple test correction. (B and C) Relative expression of cell 

adhesion genes Ncad (B) and Vim (C) in control or MetDJMD PECs treated with vehicle or 

capmatinib (n=4-5 per group). Statistically significant differences were determined by 1-way 

ANOVA with Tukey multiple test correction. (D) Representative Alizarin red and Crystal 

Violoet (CV) staining following osteogenic differentiation of control and MetDJMD PECs treated 

with vehicle or capmatinib. (E) Quantification of alizarin staining of control (Met+/+) and 

MetDJMD PECs prior to (Undiff.) or following osteogenic differentiation (Osteo.) with vehicle or 

capmatinib (capmat.) (n=3 per group). Statistically significant differences were determined by 2-

way ANOVA with Tukey multiple test correction. RT-qPCR from cultured cells and other 



quantification data are presented as mean ± SEM. *, p<0.05; **, p<0.01; ***, p<0.001; ****, 

p<0.0001. 

 

Supplemental Figure 4. Response of MetDJMD PECs to mirdametinib treatment. (A-C) Relative 

expression of the osteogenic genes Runx2 (A), Osx (B), and Ocn (C) in MetΔJMD PECs prior to 

(Undiff., black) or following osteogenic differentiation in the presence of vehicle 

(Osteo.+vehicle, blue) or mirdametinib (Osteo.+ mirdametinib, orange) (n=3-6 per group). 

Statistically significant differences were determined by 1-way ANOVA with Tukey multiple test 

correction. RT-qPCR from cultured cells and other quantification data are presented as mean ± 

SEM. *, p<0.05; **, p<0.01; ***, p<0.001; ****, p<0.0001. 

 

Supplemental Figure 5. Response of MetDJMD PECs to selumetinib treatment. (A and B) 

Representative western blot (A) and quantification (B) demonstrating reduced ERK pathway 

activation with selumetinib treatment (n=7 per group). Statistically significant differences were 

determined by T-test. (C and D) Relative expression of cell adhesion genes Ncad (C) and Vim 

(D) in control (Met+/+) or MetDJMD PECs treated with vehicle or selumetinib (n=5 per group). 

Statistically significant differences were determined by 1-way ANOVA with Tukey multiple test 

correction. (E-J) Relative expression of the osteogenic genes Alpl (E), Ibsp (F), Dmp1 (G), 

Runx2 (H), Osx (I), and Ocn (J) in MetΔJMD PECs prior to (Undiff., black) or following 

osteogenic differentiation in the presence of vehicle (Osteo.+vehicle, blue) or selumetinib 

(Osteo.+selumetinib, orange) (n=5-6 per group). Statistically significant differences were 

determined by 1-way ANOVA with Tukey multiple test correction. (K) Representative Alizarin 

red staining following osteogenic differentiation of MetDJMD PECs treated with vehicle (blue) or 



selumetinib (orange). (L) Quantification of alizarin staining MetDJMD PECs following osteogenic 

differentiation with vehicle (blue; n=5) or selumetinib (orange; n=6). Statistically significant 

differences were determined by T-test. RT-qPCR from cultured cells and other quantification 

data are presented as mean ± SEM. *, p<0.05; **, p<0.01; ***, p<0.001; ****, p<0.0001. 

 

Supplemental Figure 6. Somatic MET mutation in human sporadic OFD. (A and B) RT-PCR 

(A) and Sanger sequencing (B) confirmation of METDJMD expression in clonal amplicons from 

pseudarthrosis-derived primary cells from an OFD patient. (C and D) Sanger sequence 

confirmation (C) and droplet digital PCR quantification (D) of the somatic splice-site mutation 

c.3028+2T>C using DNA from cultured pseudarthrosis-derived primary cells or patient-matched 

blood from an OFD patient.  

 

Supplemental Figure 7. Molecular characterization of patient OFD-derived primary cells. (A) 

Quantification of ERK pathway activation in OFD lesion-derived primary cells treated with 

vehicle (Veh.), capmatinib, or selumetinib (n=5 per group). Quantification is presented as mean 

± SEM. with significant differences determined by 1-way ANOVA with Dunnett multiple test 

correction. (B) Principal component analysis from RNA-seq analysis of OFD pseudarthrosis-

derived primary cells treated with vehicle (orange), capmatinib (blue), or selumetinib (purple). 

(C and D) Volcano plot showing differentially expressed genes between capmatinib (C) or 

selumetinib (D) treated samples compared to vehicle. (E) Heatmap of genes differentially 

expressed following selumetinib treatment across all samples treated with vehicle (orange), 

capmatinib (blue), or selumetinib (purple). (F and G) Gene ontology analysis of differentially 



expressed genes with increased (F) or decreased (G) expression following selumetinib treatment. 

Enrichment values for each category are indicated. **, p<0.01. 


