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Where are the Endogenous Fracture Progenitor Cells
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Preserve Endogenous Stem Cells in Periosteum and Muscle

Direct contribution of skeletal muscle mesenchymal
progenitors to bone repair

Anais Julien, Anuya Kanagalingam, Ester Martinez-Sarra, Jérome Megret, Marine Luka, Mickaél

Ménager, Frédéric Relaix & Céline Colnot

Nature Communications 12, Article number: 2860 (2021) | Cite this article
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Circulating Progenitor Cells are NOT the Primary Cell
Source In Fracture Repair
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Chondrocytes Give Rise to Osteoblasts During Fracture Healing
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Chondrocytes Give Rise to Osteoblasts During Fracture Healing

tdTomato

Unstable Osteotomy
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Chondrocyte-to-osteoblast transformation in mandibular
fracture repair

Sarah A. Wong, Diane P. Hu, Joshua Slocum, Charles Lam, Michael Nguyen, Theodore Miclau Ill, Ralf
S. Marcucio®, Chelsea S. Bahney 5

First published: 03 November 2020 | https://doi.org/10.1002/jor.24904




Cartilage Grafts as a Template for Bone Tissue Engineering

CARTILAGE PELLETS TIBIA DEFECT CARTILAGE HEALS
from HUMAN MSCs (4 weeks in vivo) BONE
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IHC for human mitochondria

CS Bahney et al. JBMR 2014



The Lifecycle of the Stem Cells within the Fracture Callus
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Exogenous Applications of Stem Cells: What is an MSC??
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There is no one MSC

Single-cell RNA sequencing deconvolutes the in vivo heterogeneity of

human bone marrow-derived mesenchymal stem cells

Zun Wang, Xiaohua Li, Junxiao Yang, Yun Gong, Huixi Zhang,
Jonathan Greenbaum, Liang Cheng, Yihe Hu, Jie Xie, Xucheng
Si-Yuan Tang, Hui Shen, Hong-Mei Xiao, Hong-Wen Deng

doi: https://doi.org/10.1101/2020.04.06.027904
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How do MSCs Impart a Regenerative Function?
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nature medicine

ovemlber 2000

Human mesenchymal stem cells engraft
and demonstrate site-specific
differentiation after in utero
transplantation in sheep

Article | Published:

Kenneth W. Liechty, Tippi C. MacKenzie, Aimen F. Shaaban, Antoneta Radu,
Anneldarie B. Moseley, Robert Deans, Daniel R. Marshalk & Alan W. Flake &2

International Journal of K\
Molecular Sciences M D\Py
Review

Mesenchymal Stem Cell Secretome: Toward Cell-Free
Therapeutic Strategies in Regenerative Medicine

Francisco J. Vizoso "*, Noemi Eiro !, Sandra Cid !, Jose Schneider > and
Roman Perez-Fernandez 3*



How do MSCs

Impart a Regenerative Function?
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Exosomes—the enigmatic regulators of bone homeostasis

Minhao Gao'~, Weiyang Gao®, J. M. Papadimitriou', Changging Zhang®, Junjie Gao'** and Minghao Zheng'?

REVIEW Open Access
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Exosomes from mesenchymal stem/stromal
cells: a new therapeutic paradigm

Kan Yin? Shihua Wang'" and Robert Chunhua Zhao'"

Microvesicle biogenesis Extracellular Vesicle
Nucleic
: h, o acidsj
: Tetraspanins
: Integrins
Proteins
s 0 MVB-related ¥
- 0 &~ proteins ¥
Transmembrane 2
) Proteins 7% Ceramide
w T ' Lipids
\ Exosome biogenesis Sphingomyelin _— Choloesterol




Clinical Application of “MSCs”

The FDA is going after stem cell clinics that peddie

unproven treatments

The clinics claim they can treat serious diseases with stem cells from fat. The l W
FDA doesn't buy it.

By Max Levy | Updated Jan 13,2019, 9:17am EST

Joint Surgery

Bone Joint J. 2020 Feb; 102-B(2): 148—154. PMCID: PMC7002842
Published online 2020 Feb 1. doi: 10.1302/0301-620X.102B2.BJJ-2019-1104.R1 PMID: 32009438

Rogue stem cell clinics

lain R. Murray, MD, PhD, Clinical Lecturer of Orthopaedic Surgery,1 Jorge Chahla, MD, PhD, Assistant Professor of
Orthopaedic Surgery,2 Rachel M. Frank, MD, Assistant Professor of Orthopaedic Surgery,3 Nicolas S. Piuzzi, MD,
Assistant Professor of Orthopaedic Surgery,4 Bert R. Mandelbaum, MD, Co-Chair of Medical Affairs,5 Jason L. Dragoo,
MD, Professor of Orthopaedic Surgery,6 and Members of the Biologics Association”
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Bone Marrow Concentrate: The Process

Bone Marrow Aspirate

—.

Density Separation
(Centrifugation)
Plasma

BMA (1mL) BMC (ImlL)
Total Nucleated cells + 4+
CTPs (CFU) - 4t
Platelets + et
Red blood cells ++ +
Growth factors and cytokines  + e+t

(PDGF, TGF-B2, VEGF, IL-8, etc.)

NS Piuzzi et al. J Knee Surgery 2018



Protein Composition of the MSC Secretome

Anti-Inflammation

IDO, PGE2, TGFB, IGF-I, IL-10, HGF, TSGS6, Nitric
Oxide, Hemo-oxygenase, HLA-G

Garcia-Bernal et al., 2021
Kouroupis et al., 2019

Anti-Apoptosis

VEGF, HGF, IGF-I, STC-1, TGF-B, GM-CSF

da Silva Meirelles et al., 2009

Mitogenesis

SCF, LIF, M-CSF, SDF-1, angiopoietin-1

da Silva Meirelles et al., 2009

ECM formation

MMPs, TIMP, ICAM, collagens, elastin, laminin

Ahangar et al., 2020

Angiogenesis

VEGF, MCP-1, FGF, Ang-1, Ang-2, angiostatin,
PDGF, EGF, MMPs, GM-CSF, CXCLS5, IL-8

Ahangar et al., 2020
H.K. Kim et al., 2019

Anti-fibrosis

HGF, PGE2, FGF

da Silva Meirelles et al., 2009
Dong et al., 2015

Migration & Homing

PDGF-AB, IGF-1, RANTES, MDC, SDF-1

Markov et al., 2021

Extracellular hMatrix

Other 7%

27%

Growth Factor
5.41%

Anabolic
145

Immune System
16%

Catabaolic
11%

K Miclau et al. Cellular Expansion of MSCs: Shifting the Regenerative Potential. Aging Cell 2022 (in press)



Does BMC Deliver the Complex Protein
Supplementation Beneficial to Repair??
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Shrivats et al. Bone Regeneration. Ch 55,
Principals of Tissue Engineering. 2014



Patient Factors Influencing BMC Secretome
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BMI V. Analyte in BMC
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Concentration increases the number of “stem cells”
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Bone Marrow Concentrate as a Clinical Application of Stem Cell Therapy

OPEN QUESTION: How many MSCs

are in BMC and how many do you need?
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“Values represent median + standard deviation (range) or number of patients Multiplex



Stem Cell Concentration is Consistent Across BM Fractions
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Secretome Differs Across Fractions =2
Therapeutic Application Matters!

[ Bone Marrow Concentration Improves Angiogenesis?

O First fraction is more anti-inflammatory and pro-osteogenic???
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OPEN QUESTION:

How many do you MSCs need to improve clinical outcome?




Orthobiologics and Age — Are These Effective When we Need Them?
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Orthobiologics and Age — Are These Effective When we Need Them?
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K Miclau et al. Aging Cell 2022 (in press)



Aging and Senescence
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Aging and Senescence: Impact on Orthobiologics
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The Use of Senolytic and Anti-Fibrotic Agents to Improve the
Beneficial Effect of Bone Marrow Concentrate for Osteoarthritis

Sponsor: Johnny Huard, Ph.D. NIAMS Regenerative Medicine Innovation Program
Clinical Principal Investigator: Leslie Vidal, M.D. (RMIP)

Principal Investigators: Scott Tashman, Marc Philippon, MD Phase I/Il Randomized 2x2 Factorial Clinical Trial
Funding: National Institutes of Health

Hypothesis 1:
Senolytic drugs will eliminate senescent cells and improve the beneficial effect of BMAC
treatment for knee OA Subjects.

Study Population: 100 subjects with symptomatic unilateral or bilateral knee OA (KL grade lI-IV).

Study Arms:
Group 1-n=25: Control (BMA concentrate + Fisetin Placebo + Losartan Placebo)

Group 2-n=25: BMA concentrate + Fisetin Placebo + Active Losartan .
Group 3-n=25: BMA concentrate + Active Fisetin + Losartan Placebo (5’ % T

Group 4-n=25: BMA concentrate + Active Fisetin + Active Losartan e e | US. OLYMPIC & PARALYMPIC

STEADMAN PHILIPPON NATIONAL
RESEARCH INSTITUTE MEDICAL CENTER

ly



The Use of Senolytic and Anfi-Fibrotic Agents to Improve the
Beneficial Effect of Bone Marrow Stem Cells for Osteoarthritis

Primary: Safety and tolerability of Fisetin and Losartan alone and both given in sequence as
compared to injection of BMAC alone

Secondary: To define in combination with injection of BMAC into the osteo arthritic knee the effectiveness of Fisetin
and Losartan alone and both given in sequence as compared with injection of BMAC alone:

Structural improvement of the injected joint;

Effect on pain, function, and quality of life;
Characterization of synovial fluid content prior to injection;
Characterization of BMAC cell content prior to injection;

Characterization of BMAC derived plasma biomarkers prior to injection;

o Uk w e

Effect on local and systemic SASP and OA-associated biomarkers as compared to placebo in peripheral

blood plasma/serum; = E=

Functional performance, strength and movement as compared to placebo; m o

~

(@
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8. Time to rescue treatment. STEADMAN PHILIPPON | — o OC  NanionaL.  PiC

RESEARCH INSTITUTE MEDICAL CENTER
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