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Regenerative Medicine, a Novel Therapeutic Strategy
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Advanced Therapy Medicinal Products (ATMPs) in 
Regenerative Medicine

Cell Therapy Medicinal Products (CTMPs)

Gene Therapy Medicinal Products (GTMPs)

Tissue-Engineered Products (TEPs)

Immune Cell Therapy Products (GMCTs) –
Officially recognized as a separate category from CTMPs 

since 2021.
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Regenerative Medicine, 
What’s Real and What’s Hype?
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Miracle cures

Unproven & unregulated treatments

These therapies could transform treatment for chronic and 
degenerative diseases, with realistic expectations.

✔

❌

❌
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Bone and Cartilage, Success Rates of Cell Therapy

Pie chart was plotted using MSC clinical trial numbers obtained from clinical trials.gov (as of March 2023). 
Maldonado VV et al. Journal of biological engineering, 2023. 6



Bone and Cartilage, Interests of Regenerative Medicine

Bone and Cartilage • Mineralized structure allows for easier

biomimetic approaches like using

scaffolds

• Regeneration potential

• Mechanical rather than metabolic

• More accessible for biopsy and

harvesting cells

• Research and development progress

• Relatively straightforward structure

compared to internal organs
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Bone and Joint Disorders: 
Different common diseases

• By 2050, nearly one billion people globally are projected to be living 
with osteoarthritis (Lancet Rheumatology)

• Bone defects

• AVN
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Approved ATMPs for Bone and Cartilage Disorders, 
Around the world

Product Approved in: Approved for: Description

Cartistem Korea Knee Cartilage defects Human UC-MSCs

JACC Japan Knee Cartilage defects Autologous chondrocytes + Collagen gel

MACI USA Knee Cartilage defects Autologous chondrocytes + porcine 

Collagen Membrane

Novocart 3D EU Articular Cartilage 

Defects

Autologous Chondrocytes + 3D Collagen 

Chondroitin Sulphate Scaffolds

Ortho-ACI Australia Symptomatic Defects of 

Articular Cartilage 

Autologous Chondrocytes 

Ossron Korea and India Bone Defects Autologous Osteoblasts

Spherox EU Cartilage Defects Spheroids of Human Autologous Matrix-

associated Chondrocytes 

Chondron Korea and India Knee Cartilage Defects Autologous Chondrocytes 
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Bone and Joint Disorders: Not Purely Mechanical
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Multifactorial Nature
Biological/Inflammatory

Biochemical/Molecular

Mechanical

Immune signaling, synovitis, molecular remodeling

Cartilage matrix turnover, cytokine activity
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Bone and Joint Disorders: Not Purely Mechanical

310.2147/DDDT.S357386

Hemophilic Arthropathy

Rheumatoid Arthritis

➡ Structural damage is driven by immune biology, not wear-
and-tear.

➡ Joint degeneration results from a pathological biological 
environment, not primary biomechanics.
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How Regenerative Medicine Play a Role?
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Clinical Implication
•Mechanical correction alone is insufficient
•Effective treatment must target:

• Inflammation
• Tissue biology
• Regenerative capacity

➡ This is where regenerative medicine becomes relevant.
Bone and joint disorders in these patients are often driven by 
biological dysfunction, mechanical stress is only part of the story.
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How Regenerative Medicine Could Play a Role?
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Multipotent Differentiation Capacity

Strong Immunomodulatory Properties

Paracrine & Secretory Function

Low Immunogenicity

Different Tissue SourcesMesenchymal Stromal Cells (MSCs)
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10.1177/0963689719837897
10.3389/fcell.2021.661532

Mesenchymal Stromal Cells
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Mesenchymal Stromal Cells

Allogeneic MSCs Lack of co-stimulatory molecules (e.g., CD80, CD86)

MSCs express low or no MHC class II molecules

Minimal expression of MHC class I molecules
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Mesenchymal Stromal Cells

•Suppress T-cell and B-cell activation

•Modulate macrophages (M1 → M2)

•Inhibit NK cell cytotoxicity

•Reduce pro-inflammatory cytokines (TNF-α, IL-1β, IL-6)

•Paracrine & Secretory Function (IL-10,TGF-β, PGE2)

10.1016/j.tips.2020.06.009 16
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Mesenchymal Stromal Cells in Bone & Joint Disorders

✅ Modulate immune responses

✅ Suppress chronic synovial inflammation

✅ Reprogram the joint microenvironment

✅ Support endogenous repair via paracrine signaling
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2024

Jamshidi et al.

Local Transplantation of 
MSCs in combination core 
decompression in Kienbock 
disease.

2023

Sadri et al.

2022

Sadri et al.

Intra-articular Allogeneic 
AD-MSCs in KOA, Phase II

2019

Emadedin et al.

Intra-articular Allogeneic 
AD-MSCs in KOA, Phase I

2018

Emadedin et al.

Intra-articular Autologous 
BMSCs in KOA , Phase II

2016

Emadedin et al.
Percutaneous Autologous MSCs
for Reconstruction of
Human Lower Limb Long Bone 
Atrophic Nonunion.

2015

Labibzadeh et al.

MSCs in Combination
with Platelet Lysate Product 
in Long Bone Nonunion.

MSCs in Bone and Joint Disorders, Clinical Trials at Royan Institute
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2025

Beheshti Maal et al.

Intradiscal injection of 
allogeneic bone
marrow derived clonal 
mesenchymal stromal
cells in discogenic low back 
pain

2015

Emadedin  et al.

Intra-articular Autologous 
MSCs in Knee, Hip, Ankle 
Osteoarthritis.

2024

Sadri et al.

Allogeneic bone marrow 
derived clonal mesenchymal 
stromal cells in refractory 
rheumatoid arthritis

Autologous bone marrow-
derived CD133 cells with core 
decompression in AVN of 
Femoral Head,

2012

Emadedin et al.

Intra-articular Autologous 
BMSCs in KOA, Phase I.



19

2012

6 Patients
6 Month F/U
No AEs & SAEs
Improvement up to 6 M
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2015

18 Patients
30 Month F/U
No SAEs, 
Local rash and erythema
Improvement  
(VAS, WOMAC, WD)
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2016

7 Patients
12 Month F/U
No AEs & SAEs
Improvement in 4 Patients
(X-ray)



22

2017

5 Patients
12 Month F/U
No AEs & SAEs
Improvement in 3 patients
(X-ray)
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2018

43 Patients
6 Month F/U
No AEs & SAEs
Improvement VAS, WOMAC
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2019

9 Patients
12 Month F/U
No AEs & SAEs
Improvement 
(VAS, WOMAC, WD)
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2024

3 Patients
6 Month F/U
No AEs & SAEs
Improvement 
(VAS, DASH, ROM, X-ray)
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2025

5 Patients
6 Month F/U
No SAEs
Transient injection site pain
Improvement of VAS, ODI, 
SF-36 in 3 patients and MRI 
in 2 patients
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2022

3 Patients
6 Month F/U
No AEs & SAEs
Slight improvement in 2 patients (MRI)
Decrease in inflammatory biomarkers
(COMP, HA, IL-6)
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Sadri et al. 2022

3 Patients
6 Month F/U
No AEs & SAEs
Slight improvement in 2 patients (MRI)
Decrease in inflammatory biomarkers
(COMP, HA, IL-6)
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Sadri et al. 2022

S.5 Changes in the Expression level of serum biomarkers.(a): TNF-α, (b): CTX-II, (c): IFN- γ, (d): MMP-3 TNF-α,

Tumor necrosis factor-α; CTX-II, C-telopeptide fragments of type II collagen; IFN- γ, Interferon- γ; MMP-3, Matrix

metalloproteinase-3; AD-MSCs, Adipose derived mesenchymal stromal cells.

3 Patients
6 Month F/U
No AEs & SAEs
Slight improvement in 2 patients (MRI)
Decrease in inflammatory biomarkers
(COMP, HA, IL-6)
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2023

40 Patients
12 Month F/U
No SAEs
Swelling in 2 patients
Improvement 
(VAS, WOMAC, KOOS, SF-36, MRI,
Serum Biomarkers)
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Sadri et al. 2023

40 Patients
12 Month F/U
No SAEs
Swelling in 2 patients
Improvement 
(VAS, WOMAC, KOOS, SF-36, MRI,
Serum Biomarkers)
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2024

6 Patients
6 Month F/U
No SAEs
Improvement 
(VAS, Disease 
activity reduction), 
IL-10 reduction, 
TNF-α and IL-17 
reduction.
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Jamshidi et al.2024

6 Patients
6 Month F/U
No SAEs
Improvement 
(VAS, Disease 
activity reduction), 
Increase in IL-10, 
TNF-α and IL-17 
reduction.



Thanks for your Attention!

Bahareh.sadri@ut.ac.ir


