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Stem Cells in Regeneration of Bone, Cartilage and Nerve Injury
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Current Update of Cartilage Regeneration Using Stem Cells in
Osteoarthritis

Jong-Keun Seon, M. D.”

, Ik-Sun Choi, M.D., and Jee-Wook Ko, M.D.

Department of Orthopedic Surgery, Center for Joint Disease, Chonnam National University Hwasun Hospital, Hwasun, Korea

Osteoarthritis is a disease characterized by the progression of articular cartilage erosion, that increases pain during joint motion and
reduces the ability to withstand mechanical stress, which in turn limits joint mobility and function. Damage to articular cartilage due to
trauma or degenerative injury is considered a major cause of arthritis. Numerous studies and attempts have been made to regenerate
articular cartilage. In the case of partial degenerative cartilage changes, microfracture and autologous chondrocyte implantation have been
proposed as surgical treatment methods, but they have disadvantages such as insufficient mutual binding to the host cells, inaccurate
cell delivery, and deterioration of healthy cartilage. Stem cell-based therapies have been developed to compensate for this. This review
summarizes the drawbacks and consequences of various cartilage regeneration methods and describes the various attempts to treat
cartilage damage. In addition, this review will discuss cartilage regeneration, particularly mesenchymal stem cell engineering-based
therapies, and explore how to treat future cartilage regeneration using mesenchymal stem cells.

Key words: osteoarthritis, cartilage injury, cartilage regeneration, mesenchymal stem cell
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Figure 1. Extracellular matrix of articular cartilage.
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Figure 2. Cartilage regeneration method. (A) Focal cartilage damage,
(B) chondroplasty, (C) microfracture, (D) autologous chondrocyte
implantation, (E) matrix assisted autologous chondrocyte implantation.
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Figure 3. BioSeed C (BioTissue Technologies GmbH).

Figure 4. NeoCart (Histogenics Corporation), Novocart (B. Braun-Tetec), CaReS (Ars Arthro, Esslingen).
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Table 2. Clinical Studies of Adipose Tissue-Derived Stem Cells

Author (year) Bty o Patient no. Delivery method ~ Joint, disease Rultlie Outcomes Brief results
cells up (mo)

Joetal (2014 ASC 18 1-stage injection  Knee, OA 6 VAS, KSS, Al clinical outcomes and ICRS
WOMAC, grade were improved, Car-
MRI, 2nd look tilage defect decreased

Pers et al. (2016) ASC 18 1-stage injection  Knee, OA 6 VAS, WOMAC, Al clinical outcomes were im-
KOOS, MR, proved, MRI showed limited
histology possible improvement

Song etal. 2018  ASC 18 1-stage injection  Knee OA 24 EKG, vital signs, Pain, function, and cartilage
physical volume was improved
examination,
WOMAC score

Pak etal. 2013 ADSVF 100 Directinjection ~ Knee OA hip 26 VAS, MR Pain was improved, No tumor

4 additional ON formation
injections;
CaCl,-PRP

Bui etal. 2014)*>  ADSVF 21 Direct injection Knee, OA 8.5  Pain, Lysholm,  All clinical outcomes improved,

MRI cartilage thickness increased
in MR
Kohetal. 2016)*® ADSVF 40 ADSCs Injection under Knee, CD 243  VAS, Lysholm, Al clinical outcomes improved,
40 MFXs arthroscopy KOOS, MRI with better KOOS pain and

symptoms in SVF

Kim etal. (2016)*”  ADSVF 31 MSwith MSC  Injection under Ankle, OA 12.8  VAS, AOFAS, 2nd Al clinical outcomes improved
33 MS alone arthroscopy look with greater improvement
and better ICRS grades in

SVF

ASC, adipose tissue-derived mesenchymal stem cell; OA, osteoarthritis; VAS, visual analogue scale; KSS, Knee Society Score; WOMAC, Western
Ontario and McMaster Universities Osteoarthritis Index; MRI, magnetic resonance imaging; ICRS, International Cartilage Repair Society; KOOS, Knee
Injury and Osteoarthritis Outcome score; EKG, electrocardiogram; ADSVF, adipose tissue-derived stromal vascular fraction; ON, osteonecrosis; PRP,
platelet-rich plasma; ADSC, adipose-derived stem cell, MFX, microfracture; CD, chondral defect; MS, marrow stimulation.
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Figure 5. Human umbilical cord blood-

derived stem cell therapy.

Table 3. Clinical Studies of Human Umbilical Cord Blood-Derived Stem Cells

Author (year) e

Entity of cells

Delivery method

Joint,  Follow-up

Outcomes Brief results

Park et al. (2017)”® UCB-MSCs 6  1-stage injection

Matas etal. 2019 Allogenic UC-MSC 30 Intra-articular

injection at 0, 6 months

disease (mo)

MFC/LFC 84 VAS, IKDC, MRI, VAS, IKDC score were improved.
2nd look Hyaline like cartilage in
histology. MRI showed re-

generated cartilage
None 12 WOMAC, VAS,  Physical functions were im-
MRI, SF-36 proved by WOMAGC, VAS. QOL

improvement measured by
SF-36. Changes in WORMS
scale measured by MRI

UCB-MSCs, umbilical cord blood-derived mesenchymal stem cells; MFC, medial femoral condyle; LFC, lateral femoral condyle; VAS, visual analogue
scale; IKDC, International Knee Documentation Committee; ICRS, International Cartilage Repair Society; MRI, magnetic resonance imaging; UC-MSC,
umbilical cord mesenchymal stem cells; WOMAG, Western Ontario and McMaster Universities Osteoarthritis Index; QOL, quality of life; WORMS,
Whole-Organ Magnetic Resonance Imaging Score.
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