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Immune Cell Landscape Following Fracture Repair

Anastasio et al. (2021). Nanomaterial Nitric Oxide Delivery in Traumatic Orthopedic Regenerative Medicine. Frontiers in Bioengineering and 
Biotechnology. 8. 10.3389/fbioe.2020.592008. 



Inflammaging: A Root Cause of Delayed Fracture Healing

Andrade et al. DOI: 10.3390/ijms232315182

https://doi.org/10.3390/ijms232315182?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle


Macrophage Dysfunction with Aging Delays FX Repair 

Clark et al. Aging Cell 2020.

• Increased pro-inflammatory M1 in elderly

• Defective switch from M1 to M2 in elderly.

• High chronic inflammation prevents 

sufficient delta in the M1 response 



Early Immune Biomarkers of Poor Healing

Myeloid-derived suppressor cells (MDSCs) and the immunosuppressive cytokine 
interleukin-10 (IL-10) are negatively correlated with functional bone regeneration



Prognostic Implications of CD8+ TEMRA in Nonunion



Role for Senescence in Delayed Fracture Healing?

Diseases Associated 
with Senescence:

Diabetes/obesity 

Cardiac Dysfunction

Cancer 

Cognition/Alzheimer’s/ALS/Anxiety

Renal Dysfunction

Osteoporosis

Osteoarthritis

Sarcopenia

Rheumatoid Arthritis 

and others.. 

Shenghui He et al. Senescence 
in Health and Disease

Transformyou Causes of Aging

Mayo Clinic
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Patients enrolled in study between 

December 2019 and March 2022

n = 266 

Patients who dropped out of study n = 8

Patients excluded for:

Any cancer diagnosis or treatment within the last 2 years n = 13

Joint tissue injury or treatment within the last 6 months n = 30

Senolytic agents taken within the past 3 months n = 75

Eligible baseline patients 

with visit 1 data

n = 140

E. Bright T-Cells

B. Bright PBMCs

r = 0.1947

p = 0.0114

C. Bright Female PBMCs D. Bright Male PBMCs

F. Bright Female T-Cells G. Bright Male T-Cells

r = 0.255
p = 0.0242

r = 0.107

p = 0.3185

A.

r = 0.0415

p = 0.5558

r = 0.0433

p = 0.6719
r = 0.0464

p = 0.6367

Human Senescence Phenotype Increase with Chronological Age

Hambright et al. Aging Cell 2024



Accumulation of Senescent Cells Impairs FX Healing

Why senescence delays 
fracture repair:

Inflammaging

Loss of Stem Cell Proliferation

Decreased Stem Cell Differentiation

Telomer Shortening



Senolytics: Therapeutics to Reduce Senescence Phenotype

Senolytics



Short-Term Dasatinib + Quercetin may Improve Fracture Repair



Biomaterial Based D&Q Delivery to Reduce Systemic Toxicity



Safer Senolytics (Fisetin) as a Therapeutic to Increase BMD Loss 
and Reduce Systemic Inflammation
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Hambright et al. Osteoporosis 2022



Fisetin was Safe but not Superior to Placebo in OA

OUTCOMES

• Knee-function and performance measures were very close: TUG 5.93 vs 6.00 seconds, 6-minute walk 22.1 vs 21.7 m/s, stair-

climb 8.88 vs 8.66 seconds at month 6, and knee pain scores stayed similarly low and close across weeks 3–12.

• The MRI cartilage measure was also very similar overall: the sum-of-ranks T2 scores were 149.6 vs 150.3 at month 6 and 156.1 

vs 144.8 at month 12.



Is there a Bone Fountains of Youth?   
Key Take Aways

1. Fracture healing in elderly is disrupted due to 

inflammaging and cellular senescence

2. Immune biomarkers of inflammaging are emerging as 

potentially novel prognostic tools.

3. Removal of senescent cells improved fracture healing in 

preclinical models

4. Prospective Phase I/II trial of senolytic in OA found no 

benefit over placebo  



MISSION 
To mend the injured, inspire innovators, 
and empower leaders to restore lives.
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