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Abstract
Osteoarthritis is a common disease of the musculoskeletal system 

that endangers the health of the elderly. It is manifested by the 
progressive degradation and loss of articular cartilage, osteophyte 
formation, subchondral bone remodeling, and synovial inflammation. 
There is no cure for joint dysfunction and joint deformity. With 
the development of tissue engineering and regenerative medicine 
technology, the multi-directional differentiation potential of stem cells 
is used to induce their differentiation into chondrocytes, so that they 
have cartilage repair function, improve the damaged cartilage and 
improve the quality of life of patients. Treatment brings new hope. 
This article summarizes the latest findings in pre-clinical and clinical 
studies using stem cells to treat osteoarthritis in the past five years, 
and provides references for stem cells from various sources to treat 
osteoarthritis.
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Osteoarthritis (OA) is currently the most common chronic 
degenerative joint disease in the world, characterized by 
progressive cartilage degradation and loss, osteophyte formation, 
subchondral bone reconstruction, synovial inflammation, 
meniscus injury, cells Osteoarthritis is seriously affected 
by the degradation of the outer matrix and the reduction of 
chondrocytes. Common risk factors include aging, obesity, genetic 
and systemic inflammation [1-3]. With the development of social 
aging, the prevalence of OA is increasing year by year, and it will 
become the fourth leading cause of disability by 2020[4]. The 
most common affected areas of OA are knees, hips, hands, ankles 
and neck weight-bearing joints. During the activity, joint swelling, 
pain, morning stiffness, dysfunction, and even complete loss of 
joint function will eventually result in disability. Seriously affect 
the patient’s quality of life. It is now clear that articular cartilage 
is hyaline cartilage, a type of connective tissue that lubricates 
joints, reduces joint friction, cushions shocks, and transfers loads. 
It plays an important role in cartilage joint activity. The main 
mechanism is the imbalance between catabolism and anabolism 
[5]. Because cartilage tissue lacks the nutritional support of blood 
vessels, nerves, and lymph fluids and chondrocytes are terminally 
differentiated cells, their proliferation ability is extremely weak, 
and it is difficult to regenerate after destruction [6]. Therefore, 
early detection, early diagnosis, and early treatment have become 

extremely challenging new goals.

At present, commonly used OA treatment methods mainly 
include drug treatment and surgical treatment. Non-steroidal 
anti-inflammatory drugs (NSAIDs) and paracetamol are 
commonly used in drug treatment, but their effects are limited 
to controlling pain. Long-term use will cause gastrointestinal 
bleeding and cardiovascular adverse reactions [7]. With the 
development of technology, people have tried to use surgery 
for treatment. Common surgical treatment methods include 
autologous chondrocyte transplantation (ACI), joint lavage and 
debridement, joint replacement, micro fracture technology, 
and more recently Nano fracture technology. Although these 
treatments can have a certain effect on the repair of cartilage 
damage, in most cases, the regenerated tissue does not have 
the same biochemical and biomechanical properties as natural 
cartilage tissue, and cannot withstand the continuous pressure 
exerted on it. Eventually, it leads to fibrocartilage formation 
and cartilage degradation. These treatments also have some 
side effects, such as loss of dedifferentiation phenotype during 
cell expansion, pain and deformity, thrombosis, and inevitable 
secondary surgery. Therefore, although these treatments have 
expanded the treatment of articular cartilage injury to a certain 
extent, the side effects they produce are still inevitable. In 
recent years, with the development of tissue engineering and 
regenerative medicine and the unremitting efforts of researchers, 
stem cell-based treatment has become a new hope for cartilage 
repair [8-9].

Stem cells are a type of cells with the potential for self-
renewal and multi-directional differentiation. They have the 
functions of inhibiting natural killer cells, macrophages, dendritic 
cells and anti-inflammatory. Stem cells are known as “universal 
cells” in the medical community. According to different sources, it 
can be divided into: adult stem cells (ASCs), embryonic stem cells 
(ESCs), induced pluripotent stem cells (iPSCs), etc. This article 
reviews the latest findings of different types of stem cells in the 
pre-clinical and clinical studies of OA in the past five years, and 
provides strategies for the treatment of osteoarthritis. Although 
embryonic stem cells are a good source of chondrocytes, the use 
of adult stem cells, especially various MSCs and iPSCs, as cartilage 
regeneration and OA repair cells has been introduced due to 
ethical issues and carcinogenicity that limit their use.
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Stem Cells from Different Sources to Repair 
Osteoarthritis

Adult Stem Cells Repair Osteoarthritis

One Marrow Mesenchymal Stem Cells

Bone marrow derived MSCs (BM-MSCs) are non-
hematopoietic stem cells isolated from bone marrow. They 
have the advantages of sufficient source, convenient material 
extraction, strong regeneration ability and multi-directional 
differentiation potential. Bone marrow mesenchymal stem cells 
are an ideal seed cell in cartilage tissue engineering. By adding 
dexamethasone, ascorbic acid and transforming growth factor 
(transforming growth factor-β, TGF-β) can induce BM-MSCs to 
differentiate into chondrocytes. The mechanism of BM-MSCs 
treatment of OA has previously been believed to adhere to the 
surface of damaged tissue to differentiate into damaged tissue 
cells to achieve repair of damaged tissue, and recent studies have 
shown that mainly by regulating the secretion of T cells, natural 
killer cells and dendritic cells, decreasing the pro-inflammatory 
factors TNF-α, interferon-γ, and increasing the levels of the anti-
inflammatory factors interleukin-4 and interleukin-10 allows 
cartilage repair. Pittenger first isolated MSCs from the bone 
marrow and demonstrated their multi-directional differentiation 
potential [10]. Subsequently, Wakitani transplanted BM-MSCs, 
and a type of hyaline cartilage-like tissue was observed 42 weeks 
later. Arthroscopy and histological grading scores showed the 
potential of BM-MSCs in cartilage repair [11]. Recent studies 
have shown that paracrine can produce therapeutic effects. 
BMSCs-derived exosomes have a complete membrane structure 
and can be loaded with proteins, nucleic acids, lipids and other 
substances. Zhang research showed that the injection of exosomes 
derived from BM-MSCs into the rat model of temporomandibular 
arthritis significantly improved the damage of rat cartilage tissue, 
and found that it mainly inhibits the occurrence of inflammation, 
restores the homeostasis of the matrix, and increases the 
proliferation capacity of chondrocytes by promoting CD73-
mediated AKT and ERK signaling pathways[12]. Cosenza 
established a model II collagenase-induced mouse OA model, 
and injected BMSCs-derived cell vesicles and exosomes into 
the joints of mice to alleviate the damage of articular cartilage 
in mice and exert cartilage protection and anti-inflammatory 
functions. It shows that exosomes can inhibit the expression of 
MMP-13 and ADAMTS-5 to promote cartilage matrix, and play an 
anti-inflammatory and anti-apoptotic role [13-14]. Studies have 
shown that co-culture of BMSCs with chondrocytes can promote 
BMSCs to chondrocyte proliferation, differentiation and synthesis 
of extracellular matrix. When the ratio of chondrocytes to BMSCs 
is 25% -50%, it can play the best induction effect, so co-culture 
is an effective method to induce differentiation. In addition, the 
reasonable addition of some small molecule compounds can help 
BMSCs differentiate into chondrocytes. Recent studies have shown 
that a novel non-protein heterocyclic small molecule compound 
Kartogenin (KGN) can promote the differentiation of MSCs into 
chondrocytes, and at the same time inhibit the degradation of 
extracellular matrix to exert cartilage protection[15-16], Its 
main mechanism is: KGN’s ligand envelope protein filamin A 

(FLNA) can bind to actin to regulate the cytoskeletal structure, 
destroy its binding to the core binding factor β subunit (CBFβ), 
Rearrangement of the cytoskeleton can induce cartilage 
differentiation[17]. Lubricin is a viscous glycoprotein secreted by 
chondrocytes. When it is lacking, it will accelerate joint cartilage 
damage. Some studies have found that KGN and TGF-β1, BMP-
7 cytokines have a synergistic effect to increase the content of 
Lubricin. Recent studies have shown that co-culture of KGN with 
BMSCs and chondrocytes into rat cartilage injury model can 
significantly increase the ability of cartilage repair. In addition 
to the small molecule KGN, Wang research shows that the 
combination of icariin and growth differentiation factor-5 (GDF-
5) can promote the chondrogenic differentiation of BMSCs, by 
detecting the expression of proteoglycan staining and cartilage 
differentiation marker genes Aggrecan and type II collagen. But 
icariin mainly reduces the level of TGF-β1, down-regulates the 
expression level of Wnt / β-catenin signaling pathway inhibitor 
DKK2, increases the activity of Wnt / β-catenin signaling pathway, 
corrects the formation of subchondral bone mineralization and 
It plays a protective role in OA subchondral bone[18]. Although 
the clinical trials of using small molecule compounds to promote 
the differentiation of BMSCs into cartilage have not been carried 
out, the dosage, method of use and adverse reactions are not 
yet clear, but the use of small molecules provides a new idea 
for the treatment of OA in the future. Recent studies have found 
that TGF-β1 mainly plays a role in cartilage differentiation by 
regulating the ERK / JNK signaling pathway[19]. Through the 
above research, it was found that BMSCs have a positive effect on 
the treatment of osteoarthritis, however, BMSCs will reduce the 
proliferation and differentiation ability with age. Bone marrow 
aspiration technique can only isolate a small amount of BMSCs, 
accounting for 0.001% -0.002 % [20-21].

Adipose mesenchymal stem cells
Adipose-derived mesenchymal stem cells (ADMSCs) have 

the advantages of easy material selection, abundant sources, 
less damage, weaker immune rejection, and faster proliferation 
in vitro. ADMSCs can induce differentiation and formation 
Chondrocytes through the addition of bone morphogenetic 
protein (BMP-6), fibroblast growth factor (FGF), and transforming 
growth factor-β (TGF-β) in vitro [22]. Studies have shown that 
paracrine or cytokines can make ADMSCs cartilage forming 
ability similar to BMSCs [23]. The treatment mechanism of 
ADMSCs for OA is mainly through the secretion of interleukin 10, 
interleukin 1RA (interleukin 1 receptor antagonist), indolamine 
2,3-dioxygenase (IDO) and other anti-inflammatory factors 
to promote chondrocyte proliferation and inhibit cartilage 
Inhibition of chondrocyte inflammation, apoptosis, hypertrophy, 
fibrosis and other methods to inhibit the destruction of cartilage 
tissue.

Frisbie first injected autologous ADSCs into the articular 
cavity to treat OA in horses, and no adverse reactions occurred 
but did not improve the OA situation [24]. Subsequent research 
found that the paracrine effect of fat sources can regulate T cell 
proliferation, reduce inflammation, and promote angiogenesis, 
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especially exosomes have a positive effect on OA repair [25].
The Tofi1o-Vian study found that the addition of ADSCs-derived 
exosome medium to the interleukin-1β (IL-1β) -mediated 
cartilage injury model not only down-regulated the aging-related 
β-galactosidase activity, but also reduced inflammation. It is 
proved that exosomes derived from ADSCs have a therapeutic 
effect on damaged chondrocyte metabolism [26]. Studies have 
shown that ADSCs combined with stents or vehicle suspensions 
can be used to treat OA. Anggraini Barlian research shows that by 
planting ADSCs on silk fibroin scaffolds and using ascorbic acid 
(LAA) and platelet-rich plasma (PRP) as bioactive factors, ADSCs 
can be promoted to differentiate into chondrocytes [27]. The 
Yamasaki study found that by establishing a pig femoral cartilage 
cartilage defect model, using 3D printing technology at 3 and 6 
months, histological scores, CT, and MRI showed good effect of 
cartilage after implantation [28]. Kuroda showed that intra-
articular injection of ADSCs and hyaluronic acid (HA) suspension 
into rabbit OA can significantly inhibit cartilage degeneration [29]. 
The Zhou study showed that by establishing a rat knee OA model, 
real-time fluorescence quantitative amplification of genes and 
Western blotting were used to detect the expression of cartilage-
related genes and proteins, and to assess the level of chondrocyte 
apoptosis, demonstrating that ADSCs can reduce the symptoms of 
OA in rats and mainly through autophagy to reduce the release of 
pro-inflammatory factors and inhibit cartilage apoptosis[30].T he 
study found that transfecting genes related to the differentiation 
of stem cells into cartilage into ADSCs can improve the ability to 
differentiate into cartilage cells. The Lee study found that after 
8 weeks of treatment with fibrin and ADSCs transfected with 
SOX-5, SOX-6, and SOX-9 genes in the OA joint cavity of rats, the 
symptoms of cartilage injury in rats were significantly improved 
[31]. In addition, there are reports that the addition of natural 
drugs and their derivatives can promote cartilage formation. 
Hyunjin Lee research shows that adding 1μg / ml quercetin can 
promote cartilage formation [32]. Another study showed that the 
addition of compound H-89 sulfonamide derivatives can increase 
the expression of GAG in hADSCs, promote the differentiation 
of hASCs into chondrocytes, and increase the phosphorylation 
level of extracellular regulatory protein kinase (ERK), It shows 
that H89 can promote cartilage formation by activating the 
ERK pathway [33]. Adipose tissue accounts for 1% -7% of the 
mononuclear cell population, and contains 500 times more MSCs 
than the same volume of bone marrow [34]. Studies have found 
that the proliferation potential of ADSCs is hardly affected by the 
age and gender of patients, but the number of ADSCs is negatively 
correlated with body mass index (BMI) [35-36].

Synovial Mesenchymal Stem Cells
The synovium is composed of A and B cells. A cell are 

macrophage-like cells and B cells are fibroblast-like cells. 
Synovium-derived mesenchymal stem cells (SMSCs) derived 
from B cells are closely related to cartilage differentiation. SMSCs 
are adult stem cells with rich sources of high proliferative activity, 
strong regeneration ability, and good cartilage-forming ability. 
In vitro addition of transforming growth factor-β (TGF-β), bone 
morphogenetic protein-2 (BMP-2), and fibroblast growth factor 

(FGF) can induce SMSCs to differentiate into chondrocytes. 
Studies have shown that SMSCs can maintain similar growth 
kinetic characteristics after being expanded for more than 10 
generations [37]. And the number of ADSCs cells obtained under 
the same conditions is 500 times that of BMSCs [38]. This high 
amplification capacity may be related to the transferase at the 
end of the telomere [39]. Interestingly, synovium and articular 
cartilage are developed from common mesenchymal precursor 
cells, so synovial mesenchymal stem cells may be an ideal source 
for repairing articular cartilage damage. For the first time, De Bari 
isolated SMSCs with multi-directional differentiation potential 
from the synovium near the knee joint and pointed out that it 
has the potential to treat OA [40]. Recent studies have shown 
that the administration of exosomes from rat synovial MSCs 
into the joint can partially prevent cartilage damage in injured 
rats. Tao research shows that exosomes released by SMSCs can 
increase the proliferation of chondrocytes through the Wnt5a 
/ b-YAP signaling pathway in vitro, while inhibiting SOX9 gene 
expression and inhibiting cartilage matrix synthesis [41]. Co-
culture of chondrocytes and synovial stem cells can promote 
cartilage formation. Tae Woo Kim uses different ratios of human 
chondrocytes and synovial-derived stem cells to co-culture. 
When the ratio is 1: 1, it can inhibit cartilage dedifferentiation and 
increase the expression of GAG, type II collagen and SOX9. The 
optimal ratio of cultivation is 25% to 50% [42]. Xing Hu research 
proved that SMSCs and chondrocytes were mixed and cultured 
in chitosan / type I collagen composite scaffold material, and 
transplanted into the body can form cartilage-like tissues, which 
is beneficial to the repair of knee joint cartilage. Studies have 
shown that low-glucose culture during the differentiation stage 
of SMSCs can increase the cartilage-forming ability of SMSCs. 
The mechanism of action is that glucose can regulate the TGF-β 
and PKC signaling pathways during the differentiation stage 
to affect cartilage-forming ability. The establishment of animal 
models to study the effectiveness of synovial mesenchymal stem 
cells to repair OA. Mak research showed that cartilage injury 
was significantly repaired after injection of SMSCs progenitor 
cells in the mouse joint injury model for 4 weeks [43]. Zhao feng 
Jia can detect hyaline cartilage after injecting SMSCs in a rabbit 
knee cartilage defect model [44].  At present, the use of small 
molecules to repair cartilage damage has attracted more and more 
attention.TD-198946 can increase the expression of cartilage 
marker type II collagen in a dose-dependent manner to play a 
role in cartilage repair. The gene chip technology researched the 
mechanism and targets found that the expressions of RUNX1, 
SOX5, SOX6 and other genes related to cartilage differentiation 
were up-regulated, indicating TD-198946 can play the role of OA 
treatment by regulating RUNX1.Chijimatsu research shows that 
the small molecule compound TD-198946 can promote hSMSCs 
cartilage differentiation and cartilage tissue formation. When the 
concentration is greater than 1 nm, the expression of GAG, SOX9 
and type II collagen increases [45]. Studies have reported that the 
ability of SMSCs to differentiate into chondrocytes is 100 times 
that of bone marrow cells [46 -47].
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Induced pluripotent stem cells repair 
osteoarthritis

Induced pluripotent stem cells (iPSCs) are derived from 
human or animal cells. After introducing multiple specific related 
transcription factors or chemicals into mature somatic cells 
through gene transfection technology, they are reprogrammed 
to have pluripotency. IPSCs have the characteristics of strong 
self-renewal capacity, tissue regeneration potential and multi-
directional differentiation potential, and there is no immune 
rejection and ethical issues. Researchers use a variety of different 
gene combinations to reprogram cells from different sources 
into iPSCs. With the in-depth study of iPSCs and the continuous 
improvement of preparation methods, the efficiency of iPSCs 
has been significantly improved. Compared with stem cells from 
other sources, iPSCs have the following advantages:

Wide source and can be obtained by reprogramming from 
various mature somatic cells;

The preparation process is more controllable;

Because it is taken from mature somatic cells, immune 
rejection is avoided. At present, there is no effective method for 
widely accepting differentiated cartilage from iPSC, so most of 
them use iPSC for three methods: 

use normal bone marrow MSC in vitro cartilage growth factor 
to induce MSC-like iPSC and differentiate these cells into cartilage 
Cells;

Co-culture of chondrocytes or other trophoblast cells derived 
from iPSCs-derived MSCs and primary cells;

Culture embryoid bodies (EB) from iPSCs, and then 
differentiate mesoderm in EB into chondrocytes by growth factor 
treatment. 

Induced pluripotent stem cells were originally obtained 
by Japanese scientists using viral vectors to reprogram the 
transcription factors Oct4, Sox9, Klf4, and c-Myc into somatic 
cells [48]. Koyama uses a multi-step culture method to 
differentiate human iPSC cells into chondrocytes. About 70% of 
iPSCs cells express type II collagen and aggrecan. IPSCs-MSCs 
can be passaged for more than 40 generations and maintain 
the self-renewal capacity of MSCs. Recent studies have shown 
that exosomes derived from iPSCs have a positive effect on the 
treatment of OA and can promote cartilage proliferation and 
migration [49]. Zhu research showed that exosomes secreted by 
iPSCs showed better chondrocyte proliferation in vitro compared 
with SMSCs, and iPSCs had stronger cartilage protection in the 
mouse knee OA model [50].At present, studies have shown 
that the use of different biomaterial scaffolds can enhance the 
cartilage formation of iPSCs. Kazutoshi Hontani and other studies 
have shown that the use of ultra-purified sodium alginate gel 
(UPAL gel) and three-dimensional culture of mouse iPSCs can 
upregulate the cartilage formation markers SOX9, COL2αl And 
GAG expression effectively promotes iPSCs to differentiate into 
chondrocytes [51].Hossein Mahboudi research shows that the 
use of nanofiber-based polyether sulfone (PES) scaffolds can also 

increase the differentiation of human iPSCs into cartilage [52-53]. 
Liu showed that PCL / gelatin scaffolds as nanofiber scaffolds 
enhance the cartilage formation of iPSCs in vitro and in vivo. The 
above results indicate that a reasonable scaffold can effectively 
promote the differentiation of iPSCs into cartilage. Yan Xia Zhu 
research showed that by transplanting human iPSCs into a rat OA 
model induced by monosodium iodoacetate (MIA), the gene and 
protein expression of Col2αl, GAG and Sox9 were significantly 
increased after 2 weeks. After 15 weeks of transplantation, CT 
showed improved chondrocyte plate integrity [54]. The above 
research results show that iPSCs provide a new strategy for 
cartilage formation.

Clinical study of stem cells in the treatment of 
osteoarthritis

The use of stem cells to treat damaged tissues is hailed as 
a breakthrough in the medical world in the 21st century and 
provides exciting results for the treatment of chronic degenerative 
diseases. Based on the above stem cells used in the treatment of 
OA, researchers in different countries have conducted clinical 
evaluations. As of “April 2019”, advanced search was performed 
on the US clinical trial website (WWW.clinicaltrials.gov) using 
“stem cells” AND “Osteoarthritis” as search terms, and 113 clinical 
trials were retrieved, among which completed trials there are 41 
items, including 5 sources of BMSCs and 5 sources of ADMSCs. 
The research in recent years is summarized in Table 1.

The current treatment using stem cells is only maintained in 
clinical phase I / II trials. So far, only two countries, South Korea 
and Iran, have completed phase III clinical trials in 2017 and 
2013, respectively, and no adverse reactions have occurred. It is 
proved that the use of stem cell therapy is safe and the clinical 
effect is good. The stem cells currently used in clinical trials are 
mainly concentrated on bone marrow, fat and synovium. With the 
progress of research, the separation of stem cells from trabecular 
bone, skeletal muscle, and urine has become the focus of research. 
In summary, using stem cells to treat OA is a promising, safe, 
effective, and well-tolerated treatment.

Summary and outlook
Osteoarthritis is a common chronic degenerative joint disease 

at present, with complex causes and weak self-regeneration 
ability. At present, some scholars believe that the repair degree 
of articular cartilage injury is related to the degree of injury. 
When the cartilage injury diameter is 1.0-2.0 mm, repair tissue 
similar to normal transparent cartilage will be produced. When 
the damage diameter is more than 3 mm, it is also called articular 
cartilage defect, and most of them cannot be completely repaired, 
and are filled by fibrous cartilage regeneration; When the 
diameter of articular cartilage injury is> 6 mm, the injury can not 
only be repaired, but also further damage the surrounding bone 
wall and surrounding articular cartilage, In turn, the cartilage 
surrounding the injury slips and the articular cartilage collapses, 
causing osteoarthritis.

Despite the potential advantages of using stem cell therapy to 
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Table 1: Clinical trials of MSC for the treatment of OA

NC T
number

Number 
of 
patients

Stem cell
 type

Average 
transplanted
 cell dose (pcs 
/ Kg)

Transplantation 
Method / 
Research Type

Cell 
algebra

OA 
grade

Follow-
up 
time

Evaluation 
indicators

evaluation
 result 

refere
nces

550524 3 Auto BMSCs  8.5×106 Knee injection 1 KL: 
II-III   
Class

5 years 6 months, 1 year, 2 
years, 5 years after 
injection: VAS,knee 
movement
  range pain score, 
X-ray 

after 12 months 
the test indicators 
show a gradual 
improvement

 [55]

1585857  18 (6 
people / 
group) 

Autologous 
adipose
 mesenchymal 
stem cell 

 Low dose: 2 
× 106, 
Medium dose 
10 × 106,
 High dose: 50 
× 106  

 Knee injection / 
I stage

1 KL: 
III-IV 
Class 

6 
months

1 week, 3 months, 
and
 6 months 
  after 

injection:WOMAC 
score, VAS 
score,KOOS 
score,knee injury, 
and OA score

Low-dose group 
for pain and 
improvement 
knee function

[56]

2037204 10 Allogeneic 
bone Marrow 
mesenchymal 
stem cells   

1.5-2×106  Implantation 
/ I / II 

3 KL: III-
IVClass

24 
months

3 months, 6 months, 
and 12months of 
injection KOOS
score, AS 
score,WOMACscore, 
EQSD 
healthquestionnaire, 
MRI 

After the follow-
up, the detection 
indicators were 
improved,
MRI results showed 
structural 
repair,and knee 
thickness of 
the knee Joint 
increased.

[57]

1809769 18 Autologous 
adipose 
mesenchymal 
stem Cells 

5×107 Intra-articular 
injection / I / IIa

4 KL: 
III-IV 
Class

24 
months

24-month injection 
indicators:WOMAC 
score, NRS-11score, 
SF-36 score,MRI

Pain 
relief,increased 
knee function, 
improved rate of 
improvement 

[58]

2118519 53 Autologous 
bone marrow 
mesenchymal 
stem cells

61×106 Intra-articular 
injection /Phase 
I / II 

4 KL: II 
/ III 
Class

24 
months

24 months 
of injection 
indicators:KOOS 
score,MRI, knee 
injury and OA score

Reduced pain, 
improved knee 
function, increased 
cartilage thickness

 [59] 

2123368 30 Autologous 
bone marrow 
mesenchymal 
stem cells 

10×106

100×106

 Intra-articular 
injection / Phase 
I / II 

 --  -- 12 
months

12-month injection 
indicators: VASscore, 
WOMAC score, MRI

WOMAC and VAS 
improved after 12 
months of follow-
up

[60]
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2658344 24  Autologous 
adipose 
mesenchymal 
stem cells

 1×108  Intra-articular 
injection / IIb

3 KL: 
ii-IV 
Class 

6 
months

1, 3, and 6-month 
injection:VAS 
score,WOMAC 
score, MRI,KOOS 
score, X-ray film 

pain relieved 
significantly and 
cartilage defects

 
weresignificantly 
improved  

 [61]

Table notes:
 VAS score; visual simulation score; KOOS score: knee injury and osteoarthritis score scale; WOMAC score: West Lake and McMaster University 
osteoarthritis index score; MRI: magnetic resonance imaging; KL Grading: Kallgren-Lawrence, the severity of image changes is graded. According to 
the changes of knee joint space and bone hyperplasia on X-rays, it is divided into 5 grades. Grade 0 is normal and grade 4 is the most serious

treat OA, there are still some outstanding issues:1) Stem cells are 
mostly sourced from human tissues, which are invasive and prone 
to infection; 2) Regulate the differentiation of stem cells, promote 
their stable differentiation into chondrocytes and avoid cartilage 
hypertrophy and ossification of cartilage; 3) Different materials 
have different differentiation ability, activity and content, which 
need to be verified by a section; 4) The optimal number and 
method of transplantation and the quality of cartilage repair 
after transplantation. These problems need to be overcome or 
circumvented in future research. In addition, there are still some 
shortcomings in the current clinical trials, mainly including: the 
limited number of cases reported in the clinical trials, the density 
and method of cell transplantation into the body, the cultivation 
method of stem cells and the number of transplants are not 
uniform, and the follow-up time after the trial is insufficient 
Therefore, the safety of MSCs transplantation and the existing 
problems need to be further expanded in the future to expand 
the sample and other studies to further optimize the treatment 
of stem cells. We believe that with continuous efforts worldwide, 
MSCs will be routinely applied in the treatment of osteoarthritis 
in the near future.

References

1. Palazzo C, Nguyen C, Lefevre-Colau MM, Rannou F, Poiraudeau S. 
Risk factors and burden of osteoarthritis. Ann Phys Rehabil Med. 
2016;59(3):134-138. doi: 10.1016/j.rehab.2016.01.006

2. Kong L, Zheng LZ, Qin L, Ho KKW. The Role of Mesenchymal Stem Cells 
in Osteoarthritis Treatment. J Orthop Translat. 2017; 9:89-103. doi: 
10.1016/j.jot.2017.03.006

3. O’Brien MS and McDougall JJ. Age and frailty as risk factors for the 
development of osteoarthritis. Mech Ageing Dev. 2019; 180:21-28. 
doi: 10.1016/j.mad.2019.03.003

4. Silverwood V, Blagojevic-Bucknall M, Jinks C, Jordan JL, Protheroe J, 
Jordan KP. Current evidence on risk factors for knee osteoarthritis in 
older adults: a systematic review and meta-analysis. Osteoarthritis 
Cartilage. 2015;23(4):507-515. doi: 10.1016/j.joca.2014.11.019

5. Decker RS, Koyama E, Pacifici M. Articular Cartilage: Structural and 
Developmental Intricacies and Questions. Curr Osteoporos Rep. 

2015;13(6):407-414. doi: 10.1007/s11914-015-0290-z
6. Chen R, Mian M, Fu, Zhao JY, Yang L, Li Y, et al. Attenuation of the 

Progression of Articular Cartilage Degeneration by Inhibition of 
TGF-β1 Signaling in a Mouse Model of Osteoarthritis. Am J Pathol. 
2015;185(11):2875-2885. doi: 10.1016/j.ajpath.2015.07.003

7. Reginster JY, Reiter-Niesert S, Bruyère O, Berenbaum F, Brandi 
ML, Branco J, et al. Recommendations for an update of the 2010 
European regulatory guideline on clinical investigation of medicinal 
products used in the treatment of osteoarthritis and reflections about 
related clinically relevant outcomes: expert consensus statement. 
Osteoarthritis Cartilage. 2015;23(12):2086-2093. doi: 10.1016/j.
joca.2015.07.001

8. Pintan GF, de Oliveira AS Jr, Lenza M, Antonioli E, Ferretti M. Update 
on biological therapies for knee injuries: osteoarthritis. Curr Rev 
Musculoskelet Med. 2014; 7(3): 263–269. doi: 10.1007/s12178-014-
9229-8

9. Pittenger MF, Mackay AM, Beck SC, Jaiswal RK, Douglas R, Mosca 
JD, et al. Multi lineage potential of adult human mesenchymal 
stem cells. Science. 1999; 284(5411):143-147. doi:10.1126/
science.284.5411.143 

10. S. Ricco, S. Renzp, M. Del Bue, V. Conti, E. Merli, R. Ramonp, Et Al. 
Allogeneic Adipose Tissue-Derived Mesenchymal Stem Cells in 
Combination with Platelet Rich Plasma Are Safe and Effective in The 
Therapy of Superficial Digital Flexor Tendonitis in The Horse. Int J 
Immunopathol Pharmacol. 2013; 26(1): 61-68.

11. Zhang S, Teo KYW, Chuah SJ, Lai RC, Lim SK, Toh WS. MSC exosomes alleviate 
temporomandibular joint osteoarthritis by attenuating inflammation 
and restoring matrix homeostasis. Biomaterials.2019;200: 35-47.doi: 
10.1016/ biomaterials.2019.02.006

12. Stella Cosenza, Maxime Ruiz, Karine Toupet, Christian Jorgensen, 
Danièle Noël. Mesenchymal stem cells derived exosomes and micro 
particles protect cartilage and bone from degradation in osteoarthritis. 
Scientific Reports.2017; 7(1):16214.

13. Feng Gao, Chuangang Peng, Changjun Zheng, Shanyong Zhang, Minfei 
Wu. miRNA-101 promotes chondrogenic differentiation in rat bone 
marrow mesenchymal stem cells. Exp Ther Med. 2019; 17(1): 175–
180doi: 10.3892/etm. 2018. 6959

14. Liu C, Li T, Yang Z, Liu D, Li Y, Zhou Z, et al. Kartogenin enhanced 

https://www.ncbi.nlm.nih.gov/pubmed/26904959
https://www.ncbi.nlm.nih.gov/pubmed/26904959
https://www.ncbi.nlm.nih.gov/pubmed/26904959
https://www.ncbi.nlm.nih.gov/pubmed/29662803
https://www.ncbi.nlm.nih.gov/pubmed/29662803
https://www.ncbi.nlm.nih.gov/pubmed/29662803
https://www.ncbi.nlm.nih.gov/pubmed/30898635
https://www.ncbi.nlm.nih.gov/pubmed/30898635
https://www.ncbi.nlm.nih.gov/pubmed/30898635
https://www.ncbi.nlm.nih.gov/pubmed/25447976
https://www.ncbi.nlm.nih.gov/pubmed/25447976
https://www.ncbi.nlm.nih.gov/pubmed/25447976
https://www.ncbi.nlm.nih.gov/pubmed/25447976
https://www.ncbi.nlm.nih.gov/pubmed/26408155
https://www.ncbi.nlm.nih.gov/pubmed/26408155
https://www.ncbi.nlm.nih.gov/pubmed/26408155
https://www.ncbi.nlm.nih.gov/pubmed/26355014
https://www.ncbi.nlm.nih.gov/pubmed/26355014
https://www.ncbi.nlm.nih.gov/pubmed/26355014
https://www.ncbi.nlm.nih.gov/pubmed/26355014
https://www.ncbi.nlm.nih.gov/pubmed/26187570
https://www.ncbi.nlm.nih.gov/pubmed/26187570
https://www.ncbi.nlm.nih.gov/pubmed/26187570
https://www.ncbi.nlm.nih.gov/pubmed/26187570
https://www.ncbi.nlm.nih.gov/pubmed/26187570
https://www.ncbi.nlm.nih.gov/pubmed/26187570
https://www.ncbi.nlm.nih.gov/pubmed/26187570
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4596155/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4596155/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4596155/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4596155/
https://www.ncbi.nlm.nih.gov/pubmed/10102814
https://www.ncbi.nlm.nih.gov/pubmed/10102814
https://www.ncbi.nlm.nih.gov/pubmed/10102814
https://www.ncbi.nlm.nih.gov/pubmed/10102814
https://journals.sagepub.com/doi/pdf/10.1177/03946320130260S108
https://journals.sagepub.com/doi/pdf/10.1177/03946320130260S108
https://journals.sagepub.com/doi/pdf/10.1177/03946320130260S108
https://journals.sagepub.com/doi/pdf/10.1177/03946320130260S108
https://journals.sagepub.com/doi/pdf/10.1177/03946320130260S108
https://www.ncbi.nlm.nih.gov/pubmed/30771585
https://www.ncbi.nlm.nih.gov/pubmed/30771585
https://www.ncbi.nlm.nih.gov/pubmed/30771585
https://www.ncbi.nlm.nih.gov/pubmed/30771585
https://www.nature.com/articles/s41598-017-15376-8
https://www.nature.com/articles/s41598-017-15376-8
https://www.nature.com/articles/s41598-017-15376-8
https://www.nature.com/articles/s41598-017-15376-8
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6307415/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6307415/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6307415/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6307415/
https://www.ncbi.nlm.nih.gov/pubmed/29281950


Page 7 of 8Citation: Qian yun Li, Jianhui Xiao (2020) Research Progress of Stem Cells in The Treatment of Osteoarthritis. SOJ Biochem 4(1):1-8 
http://dx.doi.org/10.15226/2376-4589/5/1/00136

Research Progress of Stem Cells in The Treatment of Osteoarthritis
Copyright: 

© 2020 Qian yun Li   et al.

chondrogenesis in co-cultures of chondrocytes and bone mesenchymal 
stem cells. Tissue Eng Part A. 2018;24(11-12):990-1000. doi: 10.1089/
ten.TEA.2017.0162

15. Johnson K, Zhu S, Tremblay MS, Payette JN, Wang J, Bouchez LC, et 
al. A Stem Cell-Based Approach to Cartilage Repair. Science. 2012 
;336(6082):717-721. doi: 10.1126/science.1215157

16. Jing H, Zhang X, Gao M, Luo K, Fu W, Yin M, et al. Kartogenin 
preconditioning commits mesenchymal stem cells to a precartilaginous 
stage with enhanced chondrogenic potential by modulating JNK and 
β-catenin-related pathways. FASEB J. 2019;33(4):5641-5653. doi: 
10.1096/fj.201802137RRR

17. Wang JY, Yin CC, Wu CC, Geng SG, Yin M. Icaritin promotes chondrogenic 
differentiation of BMSCs by Wnt/β-catenin signaling pathway. 
Zhongguo Zhong Yao Za Zhi. 2016;41(4):694-699. doi: 10.4268/
cjcmm20160425

18. Jiang X, Huang B, Yang H, Li G, Zhang C, Yang G, et al. TGF-β1 is Involved 
in Vitamin D-Induced Chondrogenic Differentiation of Bone Marrow-
Derived Mesenchymal Stem Cells by Regulating the ERK/JNK Pathway. 
Cellular Physiology & Biochemistry. 2017;42(6):2230-2241.

19. Bailey A M, Kapur S, Katz A J. Characterization of adipose-derived stem 
cells: an update. Current stem cell research & therapy. 2010;5(2):95-
102.doi:10.2174/157488810791268555

21. Stenderup K , Justesen J , Clausen C, et al. Aging is associated with 
decreased maximal life span and accelerated senescence of bone 
marrow stromal cells,[J].Bone, 2003, 33(6):0-926. doi.org/10.1016/j.
bone.2003.07.005

22. Diekman B O, Estes B T, Guilak F. The effects of BMP6 overexpression 
on adipose stem cell chondrogenesis: Interactions with 
dexamethasone and exogenous growth factors [J].Journal of 
Biomedical Materials Research Part A, 2010, 93A (3):994-1003. doi.
org/10.1002%2Fjbm.a.32589

23. Kim H J, Im G I. Chondrogenic differentiation of adipose tissue-
derived mesenchymal stem cells: Greater doses of growth factor are 
necessary [J].Journal of orthopedic research: official publication of 
the Orthopedic Research Society, 2009, 27(5):612-619.doi: 10.1002/
jor.20766

24. Frisbie D D , Kisiday J D , Kawcak C E, et al. Evaluation of Adipose-
Derived Stromal Vascular Fraction or Bone Marrow-Derived 
Mesenchymal Stem Cells for Treatment of Osteoarthritis[J].Journal 
of Orthopedic Research, 2009, 27(12):1675-1680.doi: 10.1002/
jor.20933

25. Miguel T V , Guillén Maria Isabel, Pérez del Caz María Dolores, et al. 
Extracellular Vesicles from Adipose-Derived Mesenchymal Stem Cells 
Downregulate Senescence Features in Osteoarthritic Osteoblasts[J].
Oxidative Medicine & Cellular Longevity, 2017, 2017:1-12.doi: 
10.1155/2017/7197598

26. Miguel T V , Guillén Maria Isabel, Pérez del Caz María Dolores, et al. 
Extracellular Vesicles from Adipose-Derived Mesenchymal Stem Cells 
Downregulate Senescence Features in Osteoarthritic Osteoblasts[J].
Oxidative Medicine & Cellular Longevity, 2017, 2017:1-12.doi: 
10.1155/2017/7197598

27. Anggraini, Barlian, Hermawan, et al. Chondrogenic differentiation of 
adipose-derived mesenchymal stem cells induced by L-ascorbic acid 
and platelet rich plasma on silk fibroin scaffold. [J].Peerj, 2018.doi: 

10.7717/peerj.5809
28. Atsushi, Yamasaki, Yoshihiro, e.tal. Osteochondral regeneration using 

constructs of mesenchymal stem cells made by bio three-dimensional 
printing in mini-pigs.[J]. Journal of orthopedic research: official 
publication of the Orthopedic Research Society.2018; 37(6).doi.
org%2F10.1002%2Fjor.24206

29. Kuroda K Kabata T，Hayashi K, et al. The paracrine effect of adipose-
derived stem cells inhibits osteoarthritis progression [J].Bmc 
Musculoskeletal Disorders, 2015, 16(1):236.doi: 10.1186/s12891-
015-0701-4

30. Jun, Zhou, Yu, et al. Adipose derived mesenchymal stem cells 
alleviated osteoarthritis and chondrocyte apoptosis through 
autophagy inducing.[J].Journal of Cellular Biochemistry, 2018.doi.
org%2F10.1002%2Fjcb.27530

31. Lee J M, Im G I.SOX trio-co-transduced adipose stem cells in fibrin gel 
to enhance cartilage repair and delay the progression of osteoarthritis 
in the rat [J]. Biomaterials, 2012, 33(7):2016-2024.doi: 10.1016/j.
biomaterials.2011.11.050

32. Lee H , Nguyen T T , Jeong J H, et al. Evaluation of the Effects of 
Biodegradable Microspheres Loaded with Quercetin on Adipogenic and 
Chondrogenic Differentiation of Cellular Spheroids[J].Macromolecular 
Research, 2018.doi.org%2F10.1007%2Fs13233-018-6073-5

33. Lee, Jiyun, Song, et al. Potential therapeutic application of small 
molecule with sulfonamide for chondrogenic differentiation and 
articular cartilage repair [J]. Bioorganic & Medicinal Chemistry 
Letters, 2016.

34. Hass R , Kasper C , Stefanie Böhm, et al. Different populations and 
sources of human mesenchymal stem cells (MSC): A comparison of 
adult and neonatal tissue-derived MSC[J].Cell Communication and 
Signaling, 2011, 9(1):12.doi: 10.1186/1478-811X-9-12

35. Simmons P J, Torok-Storb B. Identification of stromal cell precursors 
in human bone marrow by a novel monoclonal antibody, STRO-1[J].
Blood, 1991, 78(1):55-62.

36. Aust L, Devlin B, Foster S, et al. Yield of human adipose-derived adult 
stem cells from liposuction aspirates [J]. Cytotherapy, 2004, 6(1):7-14.
doi.org/10.1080/14653240310004539

37. Sakaguchi Y, Sekiya I, Yagishita K, et al. Comparison of human stem cells 
derived from various mesenchymal tissues: Superiority of synovium 
as a cell source [J].Arthritis & Rheumatism, 2005, 52(8):2521-2529. 
doi.org/10.1002/art.21212

38. Hass R , Kasper C , Stefanie Böhm, et al. Different populations and 
sources of human mesenchymal stem cells (MSC): A comparison of 
adult and neonatal tissue-derived MSC[J].Cell Communication and 
Signaling, 2011, 9(1):12. dx.doi.org/10.1186%2F1478-811X-9-12

39. Simonsen J L , Rosada C , Serakinci N, et al. Telomerase expression 
extends the proliferative life-span and maintains the osteogenic 
potential of human bone marrow stromal cells[J].Nature 
Biotechnology, 2002, 20(6):592-596.doi.org/10.1038/nbt0602-592

40. Wolfstadt J I , Cole B J , Ogilvie-Harris D J, et al. Current Concepts: 
The Role of Mesenchymal Stem Cells in the Management of Knee 
Osteoarthritis[J].Sports Health: A Multidisciplinary Approach, 2015, 
7(1):38-44.doi: 10.1177/1941738114529727

41. Shi-Cong T , Ting Y , Yue-Lei Z, et al. Exosomes derived from miR-
140-5p-over expressing human synovial mesenchymal stem cells 

https://www.ncbi.nlm.nih.gov/pubmed/29281950
https://www.ncbi.nlm.nih.gov/pubmed/29281950
https://www.ncbi.nlm.nih.gov/pubmed/29281950
https://www.ncbi.nlm.nih.gov/pubmed/22491093
https://www.ncbi.nlm.nih.gov/pubmed/22491093
https://www.ncbi.nlm.nih.gov/pubmed/22491093
https://www.ncbi.nlm.nih.gov/pubmed/30694703
https://www.ncbi.nlm.nih.gov/pubmed/30694703
https://www.ncbi.nlm.nih.gov/pubmed/30694703
https://www.ncbi.nlm.nih.gov/pubmed/30694703
https://www.ncbi.nlm.nih.gov/pubmed/30694703
https://www.ncbi.nlm.nih.gov/pubmed/28871695
https://www.ncbi.nlm.nih.gov/pubmed/28871695
https://www.ncbi.nlm.nih.gov/pubmed/28871695
https://www.ncbi.nlm.nih.gov/pubmed/28871695
https://www.karger.com/Article/FullText/479997
https://www.karger.com/Article/FullText/479997
https://www.karger.com/Article/FullText/479997
https://www.karger.com/Article/FullText/479997
https://www.ingentaconnect.com/content/ben/cscr/2010/00000005/00000002/art00002
https://www.ingentaconnect.com/content/ben/cscr/2010/00000005/00000002/art00002
https://www.ingentaconnect.com/content/ben/cscr/2010/00000005/00000002/art00002
https://www.ncbi.nlm.nih.gov/pubmed/14678851
https://www.ncbi.nlm.nih.gov/pubmed/14678851
https://www.ncbi.nlm.nih.gov/pubmed/14678851
https://www.ncbi.nlm.nih.gov/pubmed/14678851
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3616877/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3616877/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3616877/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3616877/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3616877/
https://www.ncbi.nlm.nih.gov/pubmed/18985688
https://www.ncbi.nlm.nih.gov/pubmed/18985688
https://www.ncbi.nlm.nih.gov/pubmed/18985688
https://www.ncbi.nlm.nih.gov/pubmed/18985688
https://www.ncbi.nlm.nih.gov/pubmed/18985688
https://www.ncbi.nlm.nih.gov/pubmed/19544397
https://www.ncbi.nlm.nih.gov/pubmed/19544397
https://www.ncbi.nlm.nih.gov/pubmed/19544397
https://www.ncbi.nlm.nih.gov/pubmed/19544397
https://www.ncbi.nlm.nih.gov/pubmed/19544397
https://www.ncbi.nlm.nih.gov/pubmed/29230269
https://www.ncbi.nlm.nih.gov/pubmed/29230269
https://www.ncbi.nlm.nih.gov/pubmed/29230269
https://www.ncbi.nlm.nih.gov/pubmed/29230269
https://www.ncbi.nlm.nih.gov/pubmed/29230269
https://www.ncbi.nlm.nih.gov/pubmed/29230269
https://www.ncbi.nlm.nih.gov/pubmed/29230269
https://www.ncbi.nlm.nih.gov/pubmed/29230269
https://www.ncbi.nlm.nih.gov/pubmed/29230269
https://www.ncbi.nlm.nih.gov/pubmed/29230269
https://www.ncbi.nlm.nih.gov/pubmed/30488014
https://www.ncbi.nlm.nih.gov/pubmed/30488014
https://www.ncbi.nlm.nih.gov/pubmed/30488014
https://www.ncbi.nlm.nih.gov/pubmed/30488014
https://www.researchgate.net/publication/329724234_Osteochondral_regeneration_using_constructs_of_mesenchymal_stem_cells_made_by_bio_three-dimensional_printing_in_mini-pigs_OSTEOCHONDRAL_REGENERATION_BY_USING_MSCS
https://www.researchgate.net/publication/329724234_Osteochondral_regeneration_using_constructs_of_mesenchymal_stem_cells_made_by_bio_three-dimensional_printing_in_mini-pigs_OSTEOCHONDRAL_REGENERATION_BY_USING_MSCS
https://www.researchgate.net/publication/329724234_Osteochondral_regeneration_using_constructs_of_mesenchymal_stem_cells_made_by_bio_three-dimensional_printing_in_mini-pigs_OSTEOCHONDRAL_REGENERATION_BY_USING_MSCS
https://www.researchgate.net/publication/329724234_Osteochondral_regeneration_using_constructs_of_mesenchymal_stem_cells_made_by_bio_three-dimensional_printing_in_mini-pigs_OSTEOCHONDRAL_REGENERATION_BY_USING_MSCS
https://www.researchgate.net/publication/329724234_Osteochondral_regeneration_using_constructs_of_mesenchymal_stem_cells_made_by_bio_three-dimensional_printing_in_mini-pigs_OSTEOCHONDRAL_REGENERATION_BY_USING_MSCS
https://www.ncbi.nlm.nih.gov/pubmed/26336958
https://www.ncbi.nlm.nih.gov/pubmed/26336958
https://www.ncbi.nlm.nih.gov/pubmed/26336958
https://www.ncbi.nlm.nih.gov/pubmed/26336958
https://www.researchgate.net/publication/328269051_Adipose_derived_mesenchymal_stem_cells_alleviated_osteoarthritis_and_chondrocyte_apoptosis_through_autophagy_inducing
https://www.researchgate.net/publication/328269051_Adipose_derived_mesenchymal_stem_cells_alleviated_osteoarthritis_and_chondrocyte_apoptosis_through_autophagy_inducing
https://www.researchgate.net/publication/328269051_Adipose_derived_mesenchymal_stem_cells_alleviated_osteoarthritis_and_chondrocyte_apoptosis_through_autophagy_inducing
https://www.researchgate.net/publication/328269051_Adipose_derived_mesenchymal_stem_cells_alleviated_osteoarthritis_and_chondrocyte_apoptosis_through_autophagy_inducing
https://www.ncbi.nlm.nih.gov/pubmed/22189147
https://www.ncbi.nlm.nih.gov/pubmed/22189147
https://www.ncbi.nlm.nih.gov/pubmed/22189147
https://www.ncbi.nlm.nih.gov/pubmed/22189147
https://www.researchgate.net/publication/323496112_Evaluation_of_the_Effects_of_Biodegradable_Microspheres_Loaded_with_Quercetin_on_Adipogenic_and_Chondrogenic_Differentiation_of_Cellular_Spheroids
https://www.researchgate.net/publication/323496112_Evaluation_of_the_Effects_of_Biodegradable_Microspheres_Loaded_with_Quercetin_on_Adipogenic_and_Chondrogenic_Differentiation_of_Cellular_Spheroids
https://www.researchgate.net/publication/323496112_Evaluation_of_the_Effects_of_Biodegradable_Microspheres_Loaded_with_Quercetin_on_Adipogenic_and_Chondrogenic_Differentiation_of_Cellular_Spheroids
https://www.researchgate.net/publication/323496112_Evaluation_of_the_Effects_of_Biodegradable_Microspheres_Loaded_with_Quercetin_on_Adipogenic_and_Chondrogenic_Differentiation_of_Cellular_Spheroids
https://yonsei.pure.elsevier.com/en/publications/potential-therapeutic-application-of-small-molecule-with-sulfonam
https://yonsei.pure.elsevier.com/en/publications/potential-therapeutic-application-of-small-molecule-with-sulfonam
https://yonsei.pure.elsevier.com/en/publications/potential-therapeutic-application-of-small-molecule-with-sulfonam
https://yonsei.pure.elsevier.com/en/publications/potential-therapeutic-application-of-small-molecule-with-sulfonam
https://www.ncbi.nlm.nih.gov/pubmed/21569606
https://www.ncbi.nlm.nih.gov/pubmed/21569606
https://www.ncbi.nlm.nih.gov/pubmed/21569606
https://www.ncbi.nlm.nih.gov/pubmed/21569606
https://www.ncbi.nlm.nih.gov/pubmed/2070060
https://www.ncbi.nlm.nih.gov/pubmed/2070060
https://www.ncbi.nlm.nih.gov/pubmed/2070060
https://www.ncbi.nlm.nih.gov/pubmed/14985162
https://www.ncbi.nlm.nih.gov/pubmed/14985162
https://www.ncbi.nlm.nih.gov/pubmed/14985162
https://www.ncbi.nlm.nih.gov/pubmed/16052568
https://www.ncbi.nlm.nih.gov/pubmed/16052568
https://www.ncbi.nlm.nih.gov/pubmed/16052568
https://www.ncbi.nlm.nih.gov/pubmed/16052568
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3117820/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3117820/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3117820/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3117820/
https://www.ncbi.nlm.nih.gov/pubmed/12042863
https://www.ncbi.nlm.nih.gov/pubmed/12042863
https://www.ncbi.nlm.nih.gov/pubmed/12042863
https://www.ncbi.nlm.nih.gov/pubmed/12042863
https://www.ncbi.nlm.nih.gov/pubmed/25553211
https://www.ncbi.nlm.nih.gov/pubmed/25553211
https://www.ncbi.nlm.nih.gov/pubmed/25553211
https://www.ncbi.nlm.nih.gov/pubmed/25553211
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5196895/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5196895/


Page 8 of 8Citation: Qian yun Li, Jianhui Xiao (2020) Research Progress of Stem Cells in The Treatment of Osteoarthritis. SOJ Biochem 4(1):1-8 
http://dx.doi.org/10.15226/2376-4589/5/1/00136

Research Progress of Stem Cells in The Treatment of Osteoarthritis
Copyright: 

© 2020 Qian yun Li   et al.

enhance cartilage tissue regeneration and prevent osteoarthritis of 
the knee in a rat model[J]. Theranostics, 2017, 7(1):180-195. dx.doi.
org/10.7150%2Fthno.17133

42. Kim T W , Lee M C , Bae H C, et al. Direct Co culture of Human 
Chondrocytes and Synovium-Derived Stem Cells Enhances In Vitro 
Chondrogenesis[J].Cell Journal, 2017, 20(1):53-60. doi.org/10.22074/
cellj.2018.5025

43. Mak J, Jablonski C L, Leonard C A, et al. Intra-articular injection of 
synovial mesenchymal stem cells improves cartilage repair in a mouse 
injury model [J]. Scientific Reports, 2016, 6:23076.

44. Jia Z , Zhu F , Li X, et al. Repair of osteochondral defects using 
injectable chitosan-based hydrogel encapsulated synovial fluid-
derived mesenchymal stem cells in a rabbit model[J].Materials 
science & engineering, 2019, 99(JUN.):541-551.doi: 10.1016/j.
msec.2019.01.115

45. Chijimatsu R, Yano F, et al. Effect of the small compound TD-198946 
on glycosaminoglycan synthesis and transforming growth factor β3-
associated chondrogenesis of human synovium-derived stem cells 
in vitro.[J].Journal of Tissue Engineering & Regenerative Medicine, 
2019;13(3):446-458.doi: 10.1002/term.2795

46. Yoshimura H, Muneta T, Nimura A, et al. Comparison of rat mesenchymal 
stem cells derived from bone marrow, synovium, periosteum, adipose 
tissue, and muscle [J]. Cell & Tissue Research, 2007, 327(3):449-462. 
doi.org/10.1007/s00441-006-0308-z

47. Chen S , Xu Z , Shao J, et al.MicroRNA-218 promotes early 
chondrogenesis of mesenchymal stem cells and inhibits later 
chondrocyte maturation[J].BMC Biotechnology, 2019, 19(1).

48. Takahashi K. Induction of pluripotent stem cells from mouse 
embryonic and adult fibroblast cultures by defined factors [J].Cell, 
2006;126(4):663-76.doi.org/10.1016/j.cell.2006.07.024

49. Bari C D , Dell’Accio F , Tylzanowski P, et al. Multipotent mesenchymal 
stem cells from adult human synovial membrane[J].Arthritis & 
Rheumatism, 2001, 44(8):1928-1942.doi.org/10.1002/1529-
0131(200108)44:8%3C1928::AID-ART331%3E3.0.CO;2-P

50. Zhu, Wang Y, Zhao B, et al. Comparison of exosomes secreted by 
induced pluripotent stem cell-derived mesenchymal stem cells and 
synovial membrane-derived mesenchymal stem cells for the treatment 
of osteoarthritis [J].Stem Cell Research & Therapy.2017;8(1):64.doi.
org/10.1186%2Fs13287-017-0510-9

51. Hontani K , Onodera T , Terashima M, et al. Chondrogenic differentiation 
of mouse induced pluripotent stem cells (iPSCs) using the three-
dimensional culture with ultra-purified alginate gel (UPAL gel)[J].
Journal of Biomedical Materials Research Part A.2019;107(5):1086-
1093.doi: 10.1002/jbm.a.36615

52. Mahboudi H, Soleimani M, Enderami S E, et al. The effect 
of nanofiber-based polyether sulfone (PES) scaffold on the 
chondrogenesis of human induced pluripotent stem cells[J].
Artificial Cells Nanomedicine & Biotechnology.2017;46(8):1-9.DOI: 
10.1080/21691401.2017.1396998

53. Mahboudi, Hossein, Soleimani, et al. Enhanced chondrogenesis 
differentiation of human induced pluripotent stem cells by 
MicroRNA-140 and transforming growth factor beta 3 (TGF 
beta 3)[J].Biologicals: Journal of the International Association 
of Biological Standardization.2018;52:30-36.doi: 10.1016/j.

biologicals.2018.01.005
54. Zhu Y, Wu X, Liang Y, et al. Repair of cartilage defects in osteoarthritis 

rats with induced pluripotent stem cell derived chondrocytes [J].BMC 
Biotechnology, 2016, 16(1):78.

55. Davatchi F , Abdollahi B S , Mohyeddin M, et al. Mesenchymal stem cell 
therapy for knee osteoarthritis: 5years follow-up of three patients[J].
International Journal of Rheumatic Diseases.2016;19(3):219-25.doi: 
10.1111/1756-185X.12670

56. Pers Y M , Rackwitz L , Ferreira R, et al. Adipose Mesenchymal 
Stromal Cell-Based Therapy for Severe Osteoarthritis of the 
Knee: A Phase I Dose-Escalation Trial[J].Stem Cells Translational 
Medicine.2016;5(7):847-56.doi: 10.5966/sctm.2015-0245

57. Windt TS, Vonk LA, et al. Allogeneic Mesenchymal Stem Cells Stimulate 
Cartilage Regeneration and Are Safe for Single-Stage Cartilage Repair 
in Humans upon Mixture with Recycled Autologous Chondrons[J].
Stem cells.2017;35(1):256-264.doi: 10.1002/stem.2475

58. Song Y, Du H, Dai C, et al. Human adipose-derived mesenchymal stem 
cells for osteoarthritis: a pilot study with long-term follow-up and 
repeated injections [J]. Regenerative Medicine, 2018: rme-2017-0152. 
doi.org/10.2217/rme-2017-0152

59. Al-Najar M , Khalil H , Al-Ajlouni J, et al. Intra-articular injection of 
expanded autologous bone marrow mesenchymal cells in moderate 
and severe knee osteoarthritis is safe: a phase I/II study[J].Journal 
of Orthopedic Surgery and Research.2017, 12(1):190.doi: 10.1186/
s13018-017-0689-6

60. Lamo-Espinosa José María, Gonzalo M, et al. Intra-articular injection 
of two different doses of autologous bone marrow mesenchymal stem 
cells versus hyaluronic acid in the treatment of knee osteoarthritis: 
multicenter randomized controlled clinical trial (phase I/II)[J].Journal 
of Translational Medicine.2016, 14(1):246.

61. Woo-Suk, Lee, Hwan, et al. Intra-Articular Injection of Autologous 
Adipose Tissue-Derived Mesenchymal Stem Cells for the 
Treatment of Knee Osteoarthritis: A Phase IIb, Randomized, 
Placebo-Controlled Clinical Trial.[J].Stem Cells Translational 
Medicine.2019;8(69):504-511.doi: 10.1002/sctm.18-0122

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5196895/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5196895/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5196895/
https://europepmc.org/article/med/29308619
https://europepmc.org/article/med/29308619
https://europepmc.org/article/med/29308619
https://europepmc.org/article/med/29308619
https://www.nature.com/articles/srep23076
https://www.nature.com/articles/srep23076
https://www.nature.com/articles/srep23076
https://www.ncbi.nlm.nih.gov/pubmed/30889728
https://www.ncbi.nlm.nih.gov/pubmed/30889728
https://www.ncbi.nlm.nih.gov/pubmed/30889728
https://www.ncbi.nlm.nih.gov/pubmed/30889728
https://www.ncbi.nlm.nih.gov/pubmed/30889728
https://www.ncbi.nlm.nih.gov/pubmed/30650248
https://www.ncbi.nlm.nih.gov/pubmed/30650248
https://www.ncbi.nlm.nih.gov/pubmed/30650248
https://www.ncbi.nlm.nih.gov/pubmed/30650248
https://www.ncbi.nlm.nih.gov/pubmed/30650248
https://www.ncbi.nlm.nih.gov/pubmed/17053900
https://www.ncbi.nlm.nih.gov/pubmed/17053900
https://www.ncbi.nlm.nih.gov/pubmed/17053900
https://www.ncbi.nlm.nih.gov/pubmed/17053900
https://bmcbiotechnol.biomedcentral.com/articles/10.1186/s12896-018-0496-0
https://bmcbiotechnol.biomedcentral.com/articles/10.1186/s12896-018-0496-0
https://bmcbiotechnol.biomedcentral.com/articles/10.1186/s12896-018-0496-0
https://www.ncbi.nlm.nih.gov/pubmed/16904174
https://www.ncbi.nlm.nih.gov/pubmed/16904174
https://www.ncbi.nlm.nih.gov/pubmed/16904174
https://www.ncbi.nlm.nih.gov/pubmed/11508446
https://www.ncbi.nlm.nih.gov/pubmed/11508446
https://www.ncbi.nlm.nih.gov/pubmed/11508446
https://www.ncbi.nlm.nih.gov/pubmed/11508446
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5345222/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5345222/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5345222/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5345222/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5345222/
https://www.ncbi.nlm.nih.gov/pubmed/30665260
https://www.ncbi.nlm.nih.gov/pubmed/30665260
https://www.ncbi.nlm.nih.gov/pubmed/30665260
https://www.ncbi.nlm.nih.gov/pubmed/30665260
https://www.ncbi.nlm.nih.gov/pubmed/30665260
https://www.researchgate.net/publication/320904955_The_effect_of_nanofibre-based_polyethersulfone_PES_scaffold_on_the_chondrogenesis_of_human_induced_pluripotent_stem_cells
https://www.researchgate.net/publication/320904955_The_effect_of_nanofibre-based_polyethersulfone_PES_scaffold_on_the_chondrogenesis_of_human_induced_pluripotent_stem_cells
https://www.researchgate.net/publication/320904955_The_effect_of_nanofibre-based_polyethersulfone_PES_scaffold_on_the_chondrogenesis_of_human_induced_pluripotent_stem_cells
https://www.researchgate.net/publication/320904955_The_effect_of_nanofibre-based_polyethersulfone_PES_scaffold_on_the_chondrogenesis_of_human_induced_pluripotent_stem_cells
https://www.researchgate.net/publication/320904955_The_effect_of_nanofibre-based_polyethersulfone_PES_scaffold_on_the_chondrogenesis_of_human_induced_pluripotent_stem_cells
https://www.ncbi.nlm.nih.gov/pubmed/29456027
https://www.ncbi.nlm.nih.gov/pubmed/29456027
https://www.ncbi.nlm.nih.gov/pubmed/29456027
https://www.ncbi.nlm.nih.gov/pubmed/29456027
https://www.ncbi.nlm.nih.gov/pubmed/29456027
https://www.ncbi.nlm.nih.gov/pubmed/29456027
https://bmcbiotechnol.biomedcentral.com/articles/10.1186/s12896-016-0306-5
https://bmcbiotechnol.biomedcentral.com/articles/10.1186/s12896-016-0306-5
https://bmcbiotechnol.biomedcentral.com/articles/10.1186/s12896-016-0306-5
https://www.ncbi.nlm.nih.gov/pubmed/25990685
https://www.ncbi.nlm.nih.gov/pubmed/25990685
https://www.ncbi.nlm.nih.gov/pubmed/25990685
https://www.ncbi.nlm.nih.gov/pubmed/25990685
https://www.ncbi.nlm.nih.gov/pubmed/27217345
https://www.ncbi.nlm.nih.gov/pubmed/27217345
https://www.ncbi.nlm.nih.gov/pubmed/27217345
https://www.ncbi.nlm.nih.gov/pubmed/27217345
https://www.ncbi.nlm.nih.gov/pubmed/27507787
https://www.ncbi.nlm.nih.gov/pubmed/27507787
https://www.ncbi.nlm.nih.gov/pubmed/27507787
https://www.ncbi.nlm.nih.gov/pubmed/27507787
https://www.ncbi.nlm.nih.gov/pubmed/29417902
https://www.ncbi.nlm.nih.gov/pubmed/29417902
https://www.ncbi.nlm.nih.gov/pubmed/29417902
https://www.ncbi.nlm.nih.gov/pubmed/29417902
https://www.ncbi.nlm.nih.gov/pubmed/29233163
https://www.ncbi.nlm.nih.gov/pubmed/29233163
https://www.ncbi.nlm.nih.gov/pubmed/29233163
https://www.ncbi.nlm.nih.gov/pubmed/29233163
https://www.ncbi.nlm.nih.gov/pubmed/29233163
https://translational-medicine.biomedcentral.com/articles/10.1186/s12967-016-0998-2
https://translational-medicine.biomedcentral.com/articles/10.1186/s12967-016-0998-2
https://translational-medicine.biomedcentral.com/articles/10.1186/s12967-016-0998-2
https://translational-medicine.biomedcentral.com/articles/10.1186/s12967-016-0998-2
https://translational-medicine.biomedcentral.com/articles/10.1186/s12967-016-0998-2
https://www.ncbi.nlm.nih.gov/pubmed/30835956
https://www.ncbi.nlm.nih.gov/pubmed/30835956
https://www.ncbi.nlm.nih.gov/pubmed/30835956
https://www.ncbi.nlm.nih.gov/pubmed/30835956
https://www.ncbi.nlm.nih.gov/pubmed/30835956

