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Paul Childress, PhD2; Todd McKinley, MD3; Benjamin Corona, PhD4; 
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2Indiana University; School of Medicine, Indianapolis, Indiana, USA; 
3IU Health Physicians, Indianapolis, Indiana, USA; 
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Background/Purpose: Segmental bone defects (SBDs), typically resulting from high-energy 
open fractures or infections, frequently have poor regional soft tissue and vascularity. Suc-
cessful treatment typically requires composite interventions that restore soft tissue, recon-
stitute regional vascularity, and augment SBDs with autograft or synthetic agents. BMP-2, 
a mesenchymal cell stimulant, has emerged as the primary synthetic compound for SBD 
healing. We have developed an alternative compound, TPO, to heal SBDs. In contrast to 
BMP-2-mediated mesenchymal stimulation, TPO stimulates hematopoietic stem cells. Our 
preliminary studies have shown that TPO-mediated hematopoietic stimulation effectively 
heals bone, but also stimulates muscle healing and angiogenesis. Furthermore, phenotypic 
features of SBD healing stimulated by TPO demonstrate robust thickened cortical mature 
bone in the defect (Figure 1a), in contrast to secondary woven bone typically seen with 
BMP-2. These observations indicate that TPO-stimulated angiogenesis plays a central role 
in its bone formation. Collectively, TPO’s expanded therapeutic footprint makes it an ideal 
agent for SBDs with compromised vascularity. The purpose of this study was to compare 
basic biologic signaling effects of TPO and BMP-2 on marrow cells using a computational 
biologic approach. We hypothesized that TPO and BMP-2 augmented transcriptomes would 
demonstrate fundamentally different signatures. We anticipated that both TPO and BMP-2 
would augment networks of transcripts directly involved in bone healing, but increased 
concentrations of transcripts that code for muscle healing and angiogenesis would be mea-
sured in TPO-stimulated cells. 

Methods: Femoral bone marrow cells were collected from 12 C57/BL6j mice and cultured 
in presence of BMP-2 (200 ng/mL), TPO (10 ng/mL), or saline as a negative control for 3 
days (n = 4/group). Post treatment, cells were retrieved in Trizol, and mRNA was extracted 
and converted to cDNA. Gene expression analysis was done with high throughput dual-
dye cDNA microarrays (Agilent). Pairwise t test with P < 0.005 found 756, 1033, and 2488 
transcripts differentially expressed between the BMP-2 vs. saline, TPO vs. saline, and BMP-
2 vs. TPO treatment groups, respectively. The genes were functionally annotated using a 
host of Systems Biology tools, including Ingenuity Pathway Analysis (IPA) and DAVID. 
Expression levels of select genes relevant to this study were validated using quantitative 
PCR (polymerase chain reaction) method. 

Results: Principal component analyses revealed that 98% of variation between TPO and 
BMP-2 were accounted for within the first two principal components, confirming that treat-
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ment differences were captured by our analyses. TPO-stimulated cells showed an expanded 
signature of transcripts for a variety of growth factors that augment muscle healing, angio-
genesis, and wound healing compared to BMP-2 treated cells (Figure 1b). In addition, TPO 
preferentially augmented transcription for networks of proteins located in the cell membrane. 
TPO-stimulated cells had particularly enriched genomic clusters that code for tubulin and 
actin, both cytoskeleton constituents, and plasma-membrane bound integrins suggesting 
that TPO plays an undiscovered role in orchestrating cellular mechanotransduction through 
the cell membrane into the cytoplasm. 

Conclusion: TPO is a novel bone-healing agent with ubiquitous healing effects. Our ini-
tial studies have shown that TPO is effective in healing SBDs, and subsequently we have 
demonstrated that TPO also has potent effects on muscle healing and angiogenesis. The 
results from this study indicate that TPO may be an ideal agent to treat SBDs with poor 
adjacent soft tissue and compromised vascularity. Physiologically, TPO primarily stimulates 
hematopoietic tissue, which is responsible for initiating and orchestrating wound-healing 
in all injured tissues. Our study demonstrated that stem cells stimulated by TPO produced 
an expanded signature of growth factors and healing factors. These results, in concert with 
our foundational experiments, support trials to explore TPO efficacy in healing SBDs with 
poor soft tissue and compromised vascularity (ie, infection, open fractures).
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