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• All the components of the joint are 
involved in the process
➢ Cartilage ≈ chondrocytes + ECM
➢ Subchondral bone ≈ OC/OB
➢ Synovial ≈ inflammation
➢ Muscles, ligaments

• Therapeutic background
➢ No curative or chondro-protective 

treatment
➢ Moderate pain efficacy:

o Poor tolerance on high-risk subjects
o Moderate effectiveness: NSAIDs improve less 

than 50% of the WOMAC score

Robinson et al. Nat Rev Rheumatol 2016
Need to explore new targets and therapies

Introduction



Intra-articular treatment in OA

Jones IA. Nature Rev Rheum. 2018



Mesenchymal Stem Cells Market Size - Global Industry, Share, Analysis, Trends and Forecast 2022 – 2030. Healthcare and Pharmaceuticals. 
https://www.acumenresearchandconsulting.com/mesenchymal-stem-cells-market. Published 2022

Global mesenchymal stem cell market expected to 
double in less than 10 years !



Zhu C et al. Am J Transl Res 2021 

• MSC > Chondrocytes

• Sources available

• Cell differentiation

• Allo > autologous

Why stem cell therapy makes sense in OA ?
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Maumus M, Pers YM et al. Med Sciences 2019
Ter Huurne and Van Lent P et al. Arthritis and Rheumatol. 2012
Manferdini et al. Arthritis and Rheumatol.  2013

Secreted factors
PGE2, IDO, THBS1, 

TIMP-1, TIMP-2, HGF…

Mesenchymal stromal cells

Anti-inflammatory

Anti-apoptosis

Anti-fibrosis

Chondroprotective

Chondrocytes 
proliferation

Osteophyte 
formation

Cartilage 
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MSC

Application to 
osteoarthritis

Tissue engineering:
Repair of focal defects

ChondrocyteMSC

Differentiation
capacities

Immunoregulatory
functions

Synovial
Fibroblaste

IL1b,    IL8, 

TNF, PGE2, NO

MMP 

ADAMTS

TGFβ

BMP

Chondrocyte

MMP 

ADAMTS

TGFβ

BMP

Chondrocyte

Synoviocytes

IL1b,    IL8, 

TNF, PGE2, NO

Formation 

osteophytes

Damage 
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To block inflammation

Anti-inflammatory cell 
therapies

Chondroprotection and 
stimulation of endogenous

repair

Trophic functions

Differentiation in 
chondrocytes using

biomaterials

When MSC may be useful for cartilage damage ?



➢ Excellent safety: 4 local joint effusion during the first month
➢ Histological analysis at 3 months: no cell or ectopic proliferation
➢ TKR occurs for 18% of patients at 1 year and 55% at 4 years

➢ MRI with dGEMRIC (GAG) 
sequences

➢ 3 patients improved
➢ Possible structural effect?
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ADIPOA1 clinical study

Pers YM et al. Stem Cells Translational Medicine 2016



Agarwal et al. Cells 2021
Gadelkarim et al. JBS 2022

MSC clinical results in OA

Heterogeneity in the current literature
Risk of bias not negligible



ADIPOA

15% of ASCs are detected at 1 month

1,3% at 6 months.

ASCs are localised in synovial 
membrane

Maumus M et al. Arthritis and rheumatology. 2013 

ASC distribution after IA injection -> reduced lifespan



Zhu C et al. Am J Transl Res 2021 

MSC based therapies for cartilage repair

• Several advantages
• produce various ECM for the recovery of 

cartilage functions

• release cytokines, growth factors, and 
chemokines to drive endogenous MSCs

• combination of MSCs with the engineered 
scaffold

• Large cartilage lesions: surgery and 
tissue engineering



Col I Col II

Col X PG

BM-MSCs efficacy compared to autologous

chondrocyte implantation ? 

MSCs are as efficient as chondrocytes for cartilage repair (n=36)
➢ Improvement of patient QoL and activities in sports
➢ Hyalin cartilage formation (1 year)
➢ Less graft hypertrophy

Nejadnik et al, Am J. Sports Med, 2010

MSCs can be used as an alternative to chondrocytes for cartilage repair 
- reduced costs, better rate of cartilage cell proliferation
- only one surgery
- minimize morbidity at the donor site

MSC implant > chondrocyte implant ?



Kim et al. The Orthopaedic Journal of Sports Medicine 2020

Large experience of MSC implants in OA



Bin Abd Razak et al. Knee surgery Sports Traumatology, Arthroscopy 2023

Limited evidence of MSC implants in OA



Implant MSC with scaffold > implant MSC ?

➢ Pericellular Col I coating (PCC) for BM-MSCs enhance the quality of cartilage regeneration

Xia H et al .Stem Cell Res Ther 2018



Zhao X et al. Frontiers in Bioengineering and Biotechnology 2021

Choose the appropriate scaffold

• Biodegradable

• Biocompatible

• Support chondrogenesis and osteochondral tissue

• Mechanical properties

• Porous structure (nutrients vs adhesion) 

• Low immunogenicity

• Antimicrobial activity

Physical loading

Space for tissue regeneration



Choose the appropriate scaffold

➢ Positive: low degradation, extended lifespan, better 
mechanical features, easily design shape

➢ Negative: acid degradation, weaker cell interactions, 
risk of local pH increase, cell adhesion

NATURAL polymer SYNTHETIC polymer

➢ Positive: biocompatibility, biodegradability, favour 
cell interactions, cell adhesion

➢ Negative: mechanical properties, shape difficulty

Zhao X et al. Frontiers in Bioengineering and Biotechnology 2021



Lee E et al. IJMS 2023

Repair of focal defects with MSC+scaffold: Animals models

• High-quality integration was achieved

• Subgroup analysis showed better 
integration outcomes for studies 
using PLGA

• Limits:
➢ Cell source

➢ Implant composition

➢ MSC characteristics



Yamagata et al. Inflammation and Regeneration 2018

Repair of focal defects with MSC+scaffold: Humans

➢ Heterogeneous integration

➢ Few studies available



Song et al. The Orthopaedic Journal of Sports Medicine 2023

• CARTISTEM (Medipost)

• Retrospective study

• Large lesion (> 4 cm2)

• Located in medial femoral condyle

• Excluded other compartment lesions

• hUC-MSC + HA (+/- meniscectomy)

• 85 patients
➢ Significant improvement in all PRO scores

➢ MRI follow-up show repaired cartilage 
hypertrophy without correlation with PRO

Repair of focal defects with MSC+scaffold: Humans



•We know…
• Positive pre-clinical data

• Numerous published phase I/II

• Excellent tolerance

• Cost issues

• Risk of bias

• Standardisation of cell 
manufacturing

•We don’t know…
• Tissue repair ?

• Dose ? Frequency of delivery ?

• Type of scaffolds ? 3D printing

• The targeted population ?

• A potency test ? Priming cells ?

• Phase II/III studies ?

Conclusions: no definitive answer !!!

Limitation = cell integration / indications
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