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We are a Small team (60 members) but a Complete team for bench to 
bedside translation!
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Snapshot of the SPRI footprint
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IMPROVE
ORTHOPAEDIC 

CARE

TSC
(surgeons)

Biomechanics/Robotics
• Understanding anatomy
• Evaluating procedures/devices

Biomotion
• Whole-body performance
• In vivo joint & tissue function

Imaging/MRI
• Assessing tissue 

structure
• Monitoring healing 

and/or degeneration

Clinical Outcomes
• Patient-focused 

outcomes assessment

Regenerative Medicine
• Biomarker assessment
• Strategies for advanced healing & 

tissue regeneration
• Blocking fibrosis
• Reducing inflammation
• Promoting angiogenesis 



SPRI’s Regenerative & Translational 
Medicine Program

Biologics
Regenerative 

Medicine 
Approaches

Therapeutics Animal 
modelling

Tissue Repair 
after Injury, 

Disease & Aging

• Adult stem cells 
• Muscle stem cells
• Adipose stem 

cells
• Bursa stem cells
• PDGFR+ cells
• IPS cells

• OrthoBiologics
• Platelet-Rich 

Plasma
• Bone Marrow 

Concentrate

• Gene therapy
• CRISPR-CAS9 gene 

editing technology
• Exosomes/vesicles
• Coacervate
• Microspheres
• PA nanofibers
• Magnetic 

nanoparticles

• FDA-approved drugs 
• Telomerase activity
• Senolytic drugs
• Senomorphic drugs
• mTOR inhibitors

• Rapamycin
• Metformin

• Anti-fibrotic agent
• Anti-angiogenic agent
• Epigenetic drugs

• Dystrophic mice
• Mdx, dKO

• Progeria mice
• Z24, ERCC mice

• Wild-type mice
• Parabiosis/Pregnancy
• Super-healer 

(MRL/MpJ)
• Microfracture
• Osteoarthritis model
• Ligament 

reconstruction



With a bench-to-bedside 
focus, SPRI has 
historically aimed to 
discover and validate 
treatments as quickly as 
possible

Idea for new 
surgical or non-

surgical 
innovation

Preclinical research,  
validation and 

modeling

Publish findings in 
top-tier journals

Translation to 
patients in Clinic

Feedback, training 
and education

*Yet the average research-to 
practice-gap is still 17 years.

Source: American Journal of Critical Care 



But our research will be 
expanded and 

accelerated with a 
multidisciplinary team 
that include physicians 

and scientists
working together on a 

daily basis! 

Discovery Cycle

Research with 
animal models

More clinical 
trials in 
humans

Faster, better 
treatment 

translation for 
patients

*DR. Huard’s Team had:
• 3 clinical trials after 20 years of work at 

PITT/UPMC; 
• 5 clinical trials after 4 years of work at SPRI



Implications of Seed Money to Greater Results
To Obtain Federally Funded Grant Awards:

NIH 1R21 AR079075-01A1. (Huard PI, 
Nakayama N and Guilak F, Co-PI). 

09/01/21 – 8/30/24. SMART stem cells that 
autonomously down-modulate TFG-β 

signaling for Articular Cartilage Repair has 
completed the first phase of peer review. 

NIH R21 AR072870-01 (Huard PI, Guilak F, 

Co-PI). 02/27/2018 – 01/31/2021
Muscle Stem Cells Reprogrammed Through 

Genome Engineering for Autonomously 
Regulated Anti- Fibrotic Therapy.

NIH 4UH3AR077748-02 (Huard PI ) 08/11/2021 
– 07/31/2025. The Use of Senolytic and Anti-

Fibrotic Agents to Improve the Beneficial Effect of 
Bone Marrow Stem Cells for Osteoarthritis.

State of Colorado Collaborative Infrastructure 

award through the Advanced Industries 

Accelerator Program (Huard PI). 06/15/2022 -
05/31/2025. The goal of this proposal is to develop the 

approaches to optimize stem cell banking.

NIH Administrative supplement. PA-20-227.

07/01/2021 - 07/31/2022. Administrative Supplement for
Research on Dietary Supplements. (Huard PI). Changes
in senescent cells and SASP from bone marrow, synovial
fluid, and peripheral blood after senolytic treatment.

Department of Defense (DoD) 

W81XWH18SBAA1 (Huard PI) 09/01/2022 

- 08/31/2024. The goal of this proposal is to 
develop the advanced tools for 
characterizing cellular senescence and its 
relationships to human biophysical health 
and performance with implications for 
military medicine.

DOD # N00014-18-RFI-0014 (Huard PI) 08/08/2019 -
12/30/2022. Office of Naval Research Request for 

Information (RFI) # N00014-18-RFI-0014. Response to 

the Treatment of Poly-Traumatic Injuries Using 

Orthobiologics, anti-fibrotic (Losartan) and senolytic 

agents (Fisetin). All the projects comprising in this 
proposal adapt a cross-disciplinary approach aimed at 
optimizing orthobiologic therapies for the treatment of 

joint injuries, with the ultimate goal to improving rates for 
return-to-duty and preserving long-term joint health and 

function. DOD BAA # N00014-21-2716 (Huard PI) 08/20/2021-
08/19/2024. The Use of a Senolytic Agent to Improve the

Benefit of Platelet-Rich Plasma and Losartan for

Treatment of Femoroacetabular Impingement and Labral

Tear: A Pilot Study. The long-term goal of this grant
proposal is, therefore, to evaluate a currently available
senolytic treatment for increasing the beneficial effect of
PRP/losartan when used in conjunction with surgical
treatment of FAI and labral tear.

Dr. Bahney is awarded her first NIH 
grant, Therapeutic Application of Painless NGF 

to Accelerate Fracture Repair. 



PRINCIPAL INVESTIGATORS: JOHNNY HUARD, PHD, PETER 
MILLETT, MD, MATT PROVENCHER, MD, ARMANDO VIDAL, MD, 

LESLIE VIDAL, MD, JON GODIN, MD, SCOTT TASHMAN, PHD.

PRINCIPAL INVESTIGATORS: JOHNNY HUARD, PHD, MARC 
PHILIPPON, MD.

PRINCIPAL INVESTIGATORS: JOHNNY HUARD, PHD, MARC 
PHILIPPON, MD, PETER MILLETT, MD, MATT PROVENCHER, MD, 

ARMANDO VIDAL, MD, LESLIE VIDAL, MD, JON GODIN, MD, 
SCOTT TASHMAN, PHD.

PRINCIPAL INVESTIGATORS: JOHNNY HUARD, PHD, MARC 
PHILIPPON, MD, PETER MILLETT, MD, MATT PROVENCHER, MD, 

LESLIE VIDAL, MD, ARMANDO VIDAL, MD, JON GODIN, MD, SCOTT 
TASHMAN, PHD.

PRINCIPAL INVESTIGATORS: JOHNNY HUARD, PHD, MARC 
PHILIPPON, MD.

Basic & Preclinical Research
Clinical Research & Application

DOD 2019 PROJECT 3: SENOLYTIC DRUGS ATTENUATE 
OSTEOARTHRITIS-RELATED ARTICULAR CARTILAGE DEGENERATION: A 

CLINICAL TRIAL .

DOD 2019 PROJECT 1: PROSPECTIVE EVALUATION OF PLATELET-RICH PLASMA 
AND BONE MARROW CONCENTRATE TREATMENT TO ACCELERATE HEALING 

AFTER ANTERIOR CRUCIATE LIGAMENT RECONSTRUCTION.

DOD 2022:THE GOAL OF THIS PROPOSAL IS TO DEVELOP THE ADVANCED TOOLS FOR 
CHARACTERIZING CELLULAR SENESCENCE AND ITS RELATIONSHIPS TO HUMAN 

BIOPHYSICAL HEALTH AND PERFORMANCE WITH IMPLICATIONS FOR MILITARY MEDICINE.

DOD 2020: THE USE OF SENOLYTIC AND ANTI-FIBROTIC AGENTS TO IMPROVE 
THE BENEFIT OF PLATELET-RICH PLASMA DURING HIP ARTHROSCOPY FOR 

TREATMENT OF FEMOROACETABULAR IMPINGEMENT & LABRAL TEAR  

RETROSPECTIVE DESIGN: THE PURPOSE OF THE STUDY IS TO COMPARE THE 
QUALITY OF CARTILAGE HEALING AFTER HIP MICROFRACTURE PERFORMED 

DURING HIP ARTHROSCOPY SURGERY BETWEEN PATIENTS WHO TOOK 
LOSARTAN FOLLOWING SURGERY AND THOSE WHO DID NOT.

PRINCIPAL INVESTIGATORS: JOHNNY HUARD, PHD, 
MARC PHILIPPON, MD.

NIH 1RO1AR077045-01A1: Articular cartilage tissue engineering with 
human pluripotent stem cells. The goal of this project is to understand 
mechanisms of AC formation leading to a novel therapeutic method for 

joint cartilage repair. 

NIH 1R21AR075997-01: Development of biological approaches to 
enhance skeletal muscle rehabilitation after anterior

cruciate ligament injury. 

NIH 1R21AR074132-01A1: Ablation of Non-Myogenic Progenitor Cells as a New 
Therapeutic Approach to Duchenne Muscular Dystrophy. The goal of this 

proposal is to test if genetic ablation of proliferating MSCs suppresses DMD 
progression and also to test if pharmacological ablation of adipose-derived 

MSCs suppresses DMD progression.

NIH Administrative supplement. PA-20-227: Administrative Supplement for 
Research on Dietary Supplements. Changes in senescent cells and SASP from 

bone marrow, synovial fluid, and peripheral blood after senolytic treatment. 
This administrative supplement is with a concurrent clinical trial (NIAMS 

UG3/UH3 AR077748-01 RMIP).

NIH 1R21 AR079075-01A1: SMART stem cells that autonomously down-
modulate TFG-β signaling for Articular Cartilage Repair.

NIH: Therapeutic Application of Painless NGF to Accelerate Fracture Repair.

State of Colorado Collaborative Infrastructure award through the 
Advanced Industries Accelerator Program: The goal of this proposal 

is to develop the approaches to optimize stem cell banking.

Department of Defense (DoD) W81XWH18SBAA1: The goal of this 
proposal is to develop the advanced tools for characterizing 

cellular senescence and its relationships to human biophysical 
health and performance with implications for military medicine..

NIH 4UH3AR077748-02: The Use of Senolytic and Anti-Fibrotic Agents to 
Improve the Beneficial Effect of Bone Marrow Stem Cells for Osteoarthritis.

DOD # N00014-18-RFI-0014: Office of Naval Research Request for 
Information (RFI) # N00014-18-RFI-0014. Response to the Treatment of Poly-

Traumatic Injuries Using Orthobiologics, anti-fibrotic (Losartan) and 
senolytic agents (Fisetin). 

DOD BAA # N00014-21-2716: The Use of a Senolytic Agent to Improve the 
Benefit of Platelet-Rich Plasma and Losartan for Treatment of 

Femoroacetabular Impingement and Labral Tear: A Pilot Study. 



Where we have been  & where we are going
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New 2023 initiatives at SPRI

Shaw Cancer Research Neurodegeneration Research

Healthy Aging program
Imaging cellular Senescence

Stem Cell Banking Program

Exosomes Therapeutics

Epigenetic Therapeutics for Healthy Aging



The Hallmarks of Aging

Paul Robbins
U. Minnesota

Johnny Huard & Marc Philippon 
Vail, Colorado

Laura Niedernhofer
U. Minnesota

James Kirkland 
Mayo Clinic

John Cooke
Methodist Inst. Houston

Healthy Aging Program

Eric Verdin
Buck Institute

Tamara Alliston
UCSF

Lopez-Otin et al. Cell 2013

Peter Millett, Johnny Huard, 
Crown Family
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Clearing Senescent Cells to Delay Age-Related 
Diseases and Conditions

Cancer Neurodegeneration OsteoarthritisCardiovascular  disease

How many senescent cells you 
have in your body? 

James L. Kirkland, M.D., Ph.D.



• Senescent cells (identified by C12FDG and CD87) increased with Age
• We have performed total 636 senescence profiling tests since 2019 to date.

• Senescent cells is significantly elevated in OA patients versus control

• Senescent cells is significantly elevated in OA patients with pain 
versus OA patients (asymptomatic, no pain)

• Fisetin can reduce senescent cells in all patients tested

• Increased of Senescent cells correlate with increase biomarkers of 
inflammation, pain and osteoarthritis   



Senescence Profiling of Peripheral Blood: 
IRB# 2019-58

Manuscript in preparation
Research reported in this publication was

supported by the National Institute of

Arthritis and Musculoskeletal and Skin

Diseases (NIAMS) of the National

Institutes of Health (NIH) under Award

Number UH3AR077748 (Huard). Major

philanthropic support to the institute and

this study were provided by the Shear

Family Foundation



Epigenetic, a new tool for regenerative medicine
Reprogramming 



Epigenetics is the study of how your behaviors and 
environment can cause changes that affect the way 

your genes work.
Funded by the Crown Family

Dnmt1 is the most prevalent DNA methyltransferase that maintains 
genomic methylation stability and loss of Dnmt1 lead to aging



Epigenetic drug BMP4 can reverse the loss of DnmT1 & HDAC6 and 
rejuvenate old stem cells 

Funded by the Crown family

Histone deacetylase 6 (HDAC6) is 
a unique member of the HDAC 
family that no only participates in 
histone acetylation and loss 
deacetylationoss of HDAC6 leads 
to reduced animal longevity

(Dnmt1) is the most prevalent DNA 
methyltransferase that maintains 
genomic methylation stability and 
loss of Dnmt1 lead to aging

Epigenetic drugs to reverse cellular senescence (Azacitidine, Decitabine, 
Vorinostat, Romidepsin, Panobinostat, Belinostat)



A key initiative of the regenerative medicine 
laboratory, in coordination with our ongoing 
clinical trials, is to optimize surgery

22

We’ve already begun 
investigating how supplements 

like Fisetin may enhance 
outcomes

Now Dr. Huard and Dr. 
Philippon are looking at 

updating protocols to further 
optimize surgery

• Take Fisetin for 
one month to 
eliminate 
senescent cells 
(less 
inflammation)

Pre-Surgery

• Use Cell from bone 
marrow aspirate 
during surgery

• 25% freeze for future 
use; remainder 
injected back to 
patient in surgery

Surgery
• Take Cozar or 

Losartan for one 
month to block 
fibrosis after 
surgery

Post-Surgery

Proposed Optimization Protocol



Our research team was recently awarded a 
$1.5M Stem Cell Banking Project from the 
State of Colorado’s Advanced Industries (AI) 
Accelerator Program Award The goal of the application is to develop a bone 

marrow aspirate concentrate (BMAC) harvesting, 
banking and delivery service that facilitates multiple 

injections from a single bone marrow harvest without 
expansion or significant manipulation of the cells.

Hematopoietic stem cell injection for reconstitute 
the bone marrow of leukemia patients

6-20 millions cells is needed to 
reconstitute the bone marrow (1.7L) of 

leukemia patients
We could do over 20 injections with a single 

bone marrow harvest
So why not freezing a few samples for 

subsequent injections!

120 ml of bone marrow 
is centrifugated to a 

final volume of 9-10 ml.
All of it is injected 
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These new protocols put the patient at 
the center—looking at ways to provide 

the best possible outcomes before, 
during and after surgery

These new initiatives are already being 
studied with our Regenerative Medicine 

Innovation Project (RMIP) clinical trial, with 
plans to add the banking component in the 

future—a transformative approach to 
patient recovery

• Take Fisetin for one 
month to eliminate 
senescent cells (less 
inflammation)

Pre-Surgery

• Use Cell from bone 
marrow aspirate 
during surgery

• 25% freeze for future 
use; remainder 
injected back to 
patient in surgery

Surgery
• Take Cozar or 

Losartan for one 
month to block 
fibrosis after surgery

Post-Surgery



Optimization Surgical Protocol can also Help Cancer Patients
Reducing senescent cells and 

inflammation prior surgery
Scar tissue, a major problem 

for recovery after surgery

Research collaboration between SPRI 
and the Shaw Cancer Center

Dr. Patricia 
Hardenbergh Me
dical Director of 
Shaw Cancer 

Center



Reducing senescent cells may help treat patients with brain disease & concussion
Concussion Epidemic Is Existential Threat To Football

Traumatic brain injury (TBI)
Upregulation of pro-inflammatory SASP factors 
in human multi-TBI cases compared to controls

Schwab et al, Acta Neuropath Comm, 2019

Fisetin provides neuroprotection after TBI
• Fisetin suppressed TBI-induced oxidative stress and 

neuron cell death; 
• Fisetin Improved neurologic function and reduced lesion 

size (Zhang et al, Neurochem Int, 2018)

Senotherapeutics reduce Tau protein & 
neurofibrillary tangle (NFT) accumulation, 
implication for Alzheimer disease 

Musi et al, Aging Cell, 2018

During the last five NFL seasons, an average of 247 concussions were reported per year



Am I too old for stem cell therapies?

The US population ages 90 & 
older will quadruple between 

2010 & 2050  

NIH 1RO1AR077045-01A1 (Nakayama
N, PI, Huard J, Co-I) 04/01/2021 -
03/31/2026.
Articular cartilage tissue engineering
with human pluripotent stem cells.

Dr. Naoki Nakayama

Induced Pluripotent Stem Cells Exosomes

Extracellular vesicles produced by MSCs 
have been recognized as a major source of 

pro-regenerative paracrine functions.



Gene Coding: The Future of Gene Editing & Therapy 

CRISPR-
Cas9: The 

Gene 
Editing Tool 
Changing 
the World

Gene editing of stem cells that will 
improve their regenerative potential 

by blocking their sensitivity to 
inflammation and fibrosis

NIH 1R21 AR079075-01A1. (Huard PI, Nakayama N and Guilak F, 
Co-PI). 09/01/21 – 8/30/24. SMART stem cells that autonomously 
down-modulate TFG-β signaling for Articular Cartilage Repair has 
completed the first phase of peer review. 

NIH R21 AR072870-01 (Huard PI, Guilak F, Co-PI).
02/27/2018 – 01/31/2021
Muscle Stem Cells Reprogrammed Through Genome Engineering
for Autonomously Regulated Anti- Fibrotic Therapy.

Stem cells Modified for 
Autonomous Regenerative 

Therapy (SMART)

X X

CRISPR-Cas9 has been used by us in Vail 
Colorado to correct the dystrophin gene in 

Duchenne Muscular Dystrophy

Shear family foundation



Thank You.



Dr. Patricia Harrigan Hardenbergh, MD, FASTRO
Radiation Oncology

27 years 
• Education: Dartmouth Medical School
• Residency : Harvard Medical School  
• Faculty: Duke University Medical School, Radiation Oncology Department
• Medical Director: Vail Health-Shaw Cancer Center

• American Society Clinical Oncology:   Improving Cancer Award Recipient
• Fellow of American Society of Therapeutic Radiation Oncology Award
• DOD grant for cardiac radiation avoidance in breast cancer patients
• Author: Guidelines, Consensus papers on the treatment of breast cancer
• American Board of Radiology

• board member 2017-2020
• Examiner : written and oral boards 2008-2020

• Design: SAVI partial breast radiation device treated over 10,000 patients
• Founder Chartrounds.org : Global educational website for radiation oncologists

SAVI

Commission on Cancer
Outstanding Achievement Award


