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Abstract

Background: Osteoarthritis (OA) is a progressive degenerative disease. Previous treatment strategies have tried to slow the progress
of OA.
Objectives: The present study aimed to stop and reverse the progressive nature of OA by the paracrine effects of synovial stem cells.
Methods: Fifty male Sprague Dawley rats were randomly allocated to five equal groups (n = 10). The control group received no
treatment. The second group received an intra-articular Hyalgan injection. The third group received an intra-articular injection of
secreta. The fourth group received an intra-articular injection of synovial-derived stem cells (5 × 106). The last group received an
intra-articular injection of secreta combined with synovial-derived stem cells (5 × 106). Three months after treatment, the samples
were harvested and evaluated by histopathological and radiological analyses.
Results: Histopathological and radiological findings demonstrated significant differences between the synovial stem cell com-
bined with the secreta group and the control and Hyalgan groups. Significant differences were observed in the subchondral bone
and matrix scores between the secreta group and the synovial stem cell and Hyalgan groups (P-value = 0.042 and P-value = 0.0001,
respectively). Both secreta and synovial stem cell groups showed better healing in terms of cell population viability index than the
Hyalgan group (P-value = 0.015 and P-value = 0.005, respectively). The synovial stem cell combined with secreta group showed a
significant difference from the synovia stem cell group in both medial femoral condyle and fabella osteophyte indices (P-value =
0.004 and P-value = 0.011, respectively).
Conclusions: The group treated with synovial stem cells combined with secreta showed better outcomes than other groups in
histopathological and radiological evaluations.
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1. Background

Osteoarthritis (OA) of the knee is a progressive, de-
generative, and irreversible disease in the joint structures
(1). The mechanism includes the destruction of the ex-
tracellular matrix and reduction of the chondrocyte func-
tion mainly due to inflammation processes (2). Although
a great number of surgical and non-surgical treatment
strategies have been reported in several studies, no effi-
cient approach has been reported to stop or reverse the
progressive nature of this destructive joint disease, de-
crease pain, and improve joint function (3). The gold stan-

dard treatment for OA is total knee joint replacement,
which has many complications like all other surgical pro-
cedures, including joint inflammation, leg shortening or
lengthening, infection, and bleeding (4). Many studies
have tried stem cell therapy and bioengineering to regen-
erate the knee hyaline cartilage in patients with OA (5, 6).

All joint tissues have some resident mesenchymal
stem cells (MSCs) that are capable of differentiating into
joint structures (7). In OA patients, these MSCs are de-
creased and lose their phenotypes and differentiation po-
tential (8). Mesenchymal stem cells show better responses

Copyright © 2020, Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License
(http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the original work is properly
cited.

http://dx.doi.org/10.5812/semj.103268
https://crossmark.crossref.org/dialog/?doi=10.5812/semj.103268&domain=pdf
https://orcid.org/0000-0003-2299-6278


Tanideh N et al.

than other cell types, such as chondrocytes, due to more
rapid proliferation, easier culture ex-vivo, better specializa-
tion to all joint tissues, and better results in generalized
cartilage loss, specifically in OA (9). Anti-inflammatory,
anti-apoptotic, and immune-modulatory characteristics
of MSCs also make them superior in cell therapy (10). It is
assumed that the best MSC source for osteo-chondrogenic
purposes is synovial membrane-derived stem cells due to
greater chondrogencity and chondrogenic phenotypes in
contrast to other cells from the bone marrow or intra-
patellar fat pad (11, 12).

Due to the low survival rate of intra-articular-injected
MSCs at the site of the lesion, it is hypothesized that MSCs
only work as building blocks and their paracrine effects
play a particular role in influencing the host MSCs by in-
creasing the survival, migration, and differentiation po-
tential (13). Furthermore, it evokes osteo-chondrogenic
gene expression, such as the PTH-like hormone, bone mor-
phogenetic protein, Indian hedgehog protein, and colla-
gen type 2 (14). The cytokines and growth factors that are
secreted into the medium of MSCs (secreta) have similar
effects on bioactive factors extracted from transplanted
MSCs in the knee joint area (15). Despite all these poten-
tials, a few animal model studies have been conducted to
demonstrate the paracrine effect of synovial stem cells on
the bone and cartilage regeneration in osteoarthritis.

2. Objectives

We designed an in-vivo study to evaluate the effi-
cacy of intra-articular injection of autologous synovial
membrane-derived MSCs with and without secreta in rats
with induced knee OA by using radiological and histologi-
cal evaluation methods.

3. Methods

This study was conducted at Shiraz University of Medi-
cal Sciences, Shiraz, Iran, from February to December 2019.
Synovial tissue samples for the study were obtained from
the inner side of the medial joint capsule of the knee joint
of mature male rats. All samples were digested with colla-
genase type 1 (Sigma-Aldrich, USA) at 37°C. After one hour,
digested cells were filtered through a 70-µm nylon filter to
yield single-cell suspensions. All obtained cells were cul-
tured in a complete medium of DMEM (Dulbecco’s Modi-
fied Eagle’s low glucose medium). Eventually, all cultures
were incubated in 5% CO2 at a temperature of 37°C.

Synovial stem cells’ characterization was revealed by
the International Society of Cell Therapy. Stem cells’
immune-phenotypes were evaluated by a flow cytometer
(BD FA CSCalibur, flow cytometer, USA) using surface mark-
ers including CD90, CD44, CD34, and CD45. Moreover,

multi-potentiality was assessed by in vitro osteogenic and
adipogenic differentiation.

Synovial-derived stem cells were cultured in 150 mm
tissue-culture dishes at 37°C with an atmosphere of 90% air
and 10% CO2 and then got rich with DEMD, which had no
protein, fat, or growth factors. When the cell culture be-
came confluent, synovial cells were rinsed with PBS and the
growth medium was replaced with DMEM. After 24 hours,
the conditioned medium was collected and centrifuged
twice, first at 500 × g for 10 min and then at 3,000 × g for
20 min, to remove cell debris. Finally, pre-cleaned secreta
was concentrated to ~ 1.5 mL using Centriprep YM-3 cen-
trifugal units (Millipore, Bedford, MA, USA).

One week after the adaptation of rats to the animal lab-
oratory condition, all of them received two separate intra-
articular injections through the patellar ligaments on days
0 and 3, as a booster, with 500 U of collagenase type 2
extracted from clostridium histolyticum medium (Sigma-
Aldrich, St. Louis, MO, USA). Collagenase type 2 was dis-
solved in saline and filtered through a 0.22µm membrane
before injection. During the surgical procedure, rats were
anesthetized with 10 mg/kg xylazine 2% (Alfasan, Nether-
lands) and 100 mg/kg ketamine 10% (Alfasan, Netherlands).
After 10 weeks, radiological imaging was done to confirm
osteoarthritis in the knee joints of rats.

Fifty adult male Sprague Dawley rats (200 ± 20 g body
weight and 8 - 10 weeks of age) were used in this random-
ized animal trial. All animals were kept in standard cages
with a 12-h light/dark cycle, 22± 2°C temperature, and 55±
5% relative humidity. All animals had free access to water
and food ad libitum. The rats were divided into five groups
randomly (n = 10).

The first group was the control group that did not re-
ceive any treatment. The second group received an intra-
articular Hyalgan injection (0.1 cc with a concentration
of 20 mg manufactured by Fidia Italy). The third group
received secreta in the form of intra-articular injection.
The fourth group received an intra-articular injection of
synovial derived stem cells (5 × 106), and the last group
received an intra-articular injection of secreta in combi-
nation with synovial-derived stem cells (5 × 106). Three
months after treatment onset, all rats were sacrificed by
70% CO2, and then the samples were harvested. The study
followed the internationally accredited guidelines with
ethical approval from the Institutional Animal Care and
Use Committee of Transgenic Research Center of Shiraz
University of Medical Sciences (Shiraz, Iran). The registra-
tion number was 94-01-67-10171.

For pathological evaluations, first, a gross examina-
tion of joint surfaces was done on sacrificed rats. Then,
the distal femora were detached. Buffered formaldehyde
(10%) was used for tissue fixation. All specimens were em-
bedded in paraffin, sectioned in thicknesses of 5 µm, and
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stained with hematoxylin and eosin. A blinded pathologist
performed the evaluations according to the International
Cartilage Repair Society (ICRS). The scoring system was ac-
cording to the following parameters: Cartilage mineral-
ization, matrix, cell population viability, cell distribution,
subchondral bone, and surface (16). More severe damage
was indicated with a lower score. The grades included nor-
mal (ICRS score = 12), good (IRCS score = 8 to 11), abnormal
(ICRS score = 7 - 4), and poor (ICRS score = 1 to 3). All mor-
phometric indices were documented with a digital camera
system (Olympus Optical, Tokyo, Japan).

The X-ray images from knee joints were taken from the
lateral aspects of the left knee using the same equipment
(Axiom Multix M Radiographic Unit, SiemensTM, Germany).
Osteoarthritis was assessed according to a grading system
based on ICRS (17). Scoring subjects were according to ra-
diological indices such as joint space narrowing, presence
of osteophytes, subchondral bone sclerosis, and bone ends
deformity. The scores included 0 (none), 1 (doubtful), 2
(minimal), 3 (moderate), and 4 (severe). Osteophytes in the
medial condyle of tibia, femur, medial fabella, total knee
joint, joint space width, and total OA score were evaluated
by a blinded radiologist.

Data are expressed as mean and standard devia-
tion (SD). Non-parametric tests such as Kruskal-Wallis
(distribution-free) and Mann-Whitney U-tests were used
for statistical comparisons of the histopathological and ra-
diological grades between the groups. A P-value of < 0.05
was considered statistically significant. All statistical anal-
yses were performed using SPSS version 21.0 (IBMTM, USA).

4. Results

Osteogenic and lipogenic differentiation was evalu-
ated after three weeks. In the osteogenic differenti-
ation evaluation, the plate with synovial-derived stem
cells showed mineral deposition. To investigate the ex-
tent of mineralization, we performed alizarin red stain-
ing. Lipid vacuoles were stained with oil red O stain
to prove the lipogenic differentiation potential. The
immune-phenotype, which was evaluated by flow cytom-
etry, showed positive surface markers of CD90 and CD44
and negative markers of CD34 and CD45 (Figure 1).

Histologically, 12 weeks after collagenase consump-
tion, control knees exhibited an apparent defeat of car-
tilage in both lateral and medial condoyles, while all
histopathological indices were predominantly retained in
knees treated with synovial stem cells combined with sec-
reta when compared to the Hyalgan and control groups.
Statistical comparisons between the groups in all histolog-
ical indices are shown in Figure 2.

The cell population viability index demonstrated bet-
ter healing in both secreta and synovial-derived stem cell

groups than in the Hyalgan group (P-values of 0.015 and
0.005, respectively) (Figure 2). The surface index demon-
strated better healing in both secreta and synovial-derived
stem cell groups than in the control group with P-values
of 0.028 and 0.003, respectively. Moreover, the synovial-
derived stem cell group showed a statistically significant
difference from the Hyalgan group with a P-value of 0.011
(Figure 2).

In the subchondral bone and matrix indices, the sec-
reta showed better results when compared to the Hyal-
gan group with p-values of 0.042 and 0.0001, respectively
(Figure 2). Besides, H & E staining showed that the group
treated with secreta and synovial stem cells had articu-
lar hyaline cartilage with even and smooth surfaces along
with arranged chondrocytes in the columnar cluster. Also,
no foci of abnormal calcification were seen (Figure 3A).

In the secreta group, the surface of articular cartilage
was mainly continuous, composed of hyaline cartilage in
a cluster arrangement. Subchondral bone remodeling was
present, as well (Figure 3B). In the stem cell group, the
surface of articular cartilage was mainly continuous, com-
posed of fibrocartilage tissue arranged in clusters. More-
over, the detached subchondral bone with increased re-
modeling was observed (Figure 3C). In the Hyalgan group,
the surface of the articular cartilage was even mainly com-
posed of fibrocartilage with foci of hyaline cartilage clus-
ter (Figure 3D). In the control group, the surface of articu-
lar cartilage was completely destructed and composed of
disorganized fibrocartilage and fibrous tissues. In addi-
tion, the subchondral bone was detached (Figure 3E). After
12 weeks of collagenase intra-articular injection, the knee
joint space was significantly wider in the synovial stem
cells plus secreta group than in the Hyalgan and control
groups. Furthermore, the secreta group demonstrated bet-
ter results than the synovial stem cell group in terms of
joint space width (Figure 3).

Radiological and histopathological findings showed
similarity in which a significant enhancement of articu-
lar cartilage was seen in the synovial stem cell and secreta
groups.

5. Discussion

The present study demonstrated considerable healing
in the stem cell plus secreta-treated group when compared
to the Hyalgan and non-treatment groups.

All joint tissues contain a certain amount of MSCs that
can differentiate into joint structures such as the bone,
cartilage, and even synovial membrane (7). In degenera-
tive diseases such as osteoarthritis, MSCs in patients with
end-stage status lose their functions both in vivo and in
vitro. Due to the changes in the conditioned media supple-
ments and alterations in MSCs growth factor receptors, the
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Figure 1. Morphology of rat synovial stem cells at passage 3. A, Oil red O staining used to distinguish adipogenic differentiation with positive staining of cytoplasmic lipid
droplets; B, Alizarin red staining applied to realize osteogenic differentiation by the appearance of mineralized nodular structures; C, stem cell characterization evaluated by
flow cytometry in rat models of osteoarthritis. The immune-phenotype of rat’s synovial stem cells at passage 3 was analyzed for CD90, CD44, CD34, and CD45 expressions.
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Figure 2. Graph pad prism representations of histological scores based on international cartilage repair society. P < 0.05 was considered as the significance level.

MSCs differentiation profile changes and adipogenic and
chondrogenic differentiation capacity reduces, while the
osteogenic differentiation capacity rises (18).

Mesenchymal stem cells have become a major tool in
stem cell therapy in diseases that affect bone and joint
function (19). The interest in using MSCs is proven due to

the quick proliferation capacity, convenient isolation, po-
tential differentiation to tissues of mesenchymal lineage
like the bone, cartilage, and adipose, anti-inflammatory
potential, immune-modulatory potential, biological ac-
tive factor secretion, and tropic activity (20).

Tang et al. (21) evaluated the effects of subcutaneous A-
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Figure 3. Typical histological sections from the surface of articular cartilage in all groups (H & E, 200×). A1 , Secreta with synovial stem cell group: Arranged chondrocyte
in columnar-cluster along with the continuous and smooth surface of articular hyaline cartilage with no foci of abnormal calcification are observed; B1 , Secreta group: The
surface of articular cartilage was mainly continuous, composed of hyaline cartilage in a cluster arrangement. Subchondral bone remodeling was present; C1 , stem cells group:
The surface of articular cartilage was mainly continuous, composed of fibrocartilage tissue arranged in clusters. Subchondral bone was detached with increased remodeling;
D1 , Hyalgan group: The surface of articular cartilage was mainly continuous, composed of fibrocartilage with foci of hyaline cartilage cluster; E1 , control group: The surface of
articular cartilage was completely destructive and composed of disorganized fibrocartilage and fibrous tissues. Moreover, the subchondral bone was detached. Radiological
images of knee joint 12 weeks after collagenase intra-articular injection. A wider joint space is seen in the synovial stem cells + secreta group than in the Hyalgan and control
groups; A2 , animal induced with collagen type 2 adjuvant and treated with secreta and synovial stem cells; B2 , animal induced with collagen type 2 and treated with secreta;
C2 , animal induced with collagen type 2 and treated with synovial stem cells; D2 , animal induced with collagen type 2 adjuvant and treated with Hyalgan; E2 , animal induced
with collagen type 2 as the control group.

MSCs injection in OA rats and showed that the cartilage sur-
face was smooth along with the good distribution of chon-
drocytes, which confirms our findings. The continuous

cartilage surface in the synovial stem cell group in the cur-
rent study was in line with the findings by Chiang et al. (22)
that reported the regularity of cartilage surface in joints
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treated with MSCs in OA and Singh et al. (23) findings that
showed chondrocytes’ normal distribution and mild ir-
regularity in the cartilage surface in BM-MSCs-treated rab-
bits with induced OA. These findings demonstrate the ther-
apeutic effects of MSCs.

Our radiological results are similar to the findings by
Toghraie et al. (24) that showed a reduction in both os-
teophyte formation and subchondral bone necrosis in OA
rabbit treated with MSCs. Thus, MSCs could be promis-
ing cell sources for OA regeneration (24). In the early
stage of osteoarthritis inflammation, secreted inflamma-
tory cytokines can increase MSCs proliferation, but as in-
flammation exacerbates and inflammatory cytokines are
flared up, native MSCs are suppressed dose-dependently
(25). When inflammation progresses, inflammatory cy-
tokines such as INFγ and TNFα induce alterations in the
paracrine signaling of MSCs to increase IL-6, HGF, VEGF, and
TGFβ, which are responsible for the immune-modulatory
effect of MSCs, leading to the suppression of inflammation,
biological activation of osteoblasts and chondrocytes, and
joint healing (26, 27).

Although MSCs are the perfect sources for stem
cell therapy in osteoarthritis, many recent studies have
demonstrated that intra-articular-injected MSCs have a
poor survival rate and differentiation potential, and native
stem cells seem to be more efficient in joint regenera-
tion than transplanted ones. Furthermore, cell signaling
pathways alter after MSC injection. Based on the results
mentioned above, many studies have suggested the princi-
pal benefit of stem cell therapy owing to paracrine activity
(28-30).

Some studies have indicated that secreta can contrast
with inducible NO synthase (iNOS), which is stimulated in
chondrocytes by IL-1β and plays a major role in the articu-
lar destruction. Moreover, secreta can downregulate other
inflammatory media like COX-2, PGE2, and MMPs by IL-1β
inhibition (31). Herein, secreta treatment revealed normal-
ity in surface cartilage, chondrocyte distribution, and sub-
chondral bone formation, which are supported by Li
et al. (32) that reported the role of secreta in bone regenera-
tion, osteogenesis promotion, and osteoblasts ossification
potential enhancement.

Kuroda et al. (13) evaluated the effect of secreta of
adipose-derived stem cells on OA in knee joints of rabbits
and reported the milder progression in OA by the accel-
eration of cartilage formation process, viability of chon-
drocytes, and cartilage matrix production and protection,
which confirm the results of the present study.

Our results are consistent with the findings obtained
by Linero and Chaparro (25) that reported the facilitat-
ing of bone regeneration and cell migration, proliferation,
and survival in rabbits with surgical jaw bone lesions due
to the paracrine effect of human adipose tissue-derived

mesenchymal stem cells. The above results indicate that
the paracrine effect of synovial stem cells injected into
intra-articular soft tissue contributes mainly to the preven-
tion of cartilage deterioration advancement.

5.1. Conclusions

The intra-articular injection of synovial-derived stem
cells with secreta may inhibit the cartilage degeneration
process in rats with osteoarthritis by the secretion of anti-
inflammatory agents and growth factors that increase the
number and chondrogenesis activity of native mesenchy-
mal stem cells.

Acknowledgments

The authors would like to thank Dr. Nasrin Shokrpour
for editorial assistance.

Footnotes

Authors’ Contribution: Study design, data gathering,
analysis, and manuscript drafting: NT and SSN. Study de-
sign and animal surgery: OKH. and SAE. Manuscript edit-
ing and critical discussion: SD. Study design and patholog-
ical study: NA. Study design and stem cell preparation and
identification: SZ and RT. Study design and statistical analy-
sis: PG. All authors read and approved the final manuscript.

Conflict of Interests: The authors declare that there are
no conflicts of interest.

Ethical Approval: The study followed the internationally
accredited guidelines with ethical approval from the Insti-
tutional Animal Care and Use Committee of Transgenic Re-
search Center of Shiraz University of Medical Sciences (Shi-
raz, Iran). The registration number was 94-01-67-10171.

Funding/Support: This research was supported by the
Deputy Dean of the School of Medicine based on a re-
search project numbered 94-01-67-10171 and sponsored by
the Deputy Chancellor of Shiraz University of Medical Sci-
ences.

References

1. Robinson WH, Lepus CM, Wang Q, Raghu H, Mao R, Lindstrom TM,
et al. Low-grade inflammation as a key mediator of the pathogen-
esis of osteoarthritis. Nat Rev Rheumatol. 2016;12(10):580–92. doi:
10.1038/nrrheum.2016.136. [PubMed: 27539668]. [PubMed Central:
PMC5500215].

2. Lee SW, Song YS, Lee SY, Yoon YG, Lee SH, Park BS, et al. Downregulation
of protein kinase CK2 activity facilitates tumor necrosis factor-alpha-
mediated chondrocyte death through apoptosis and autophagy. PLoS
One. 2011;6(4). e19163. doi: 10.1371/journal.pone.0019163. [PubMed:
21559479]. [PubMed Central: PMC3084779].

Shiraz E-Med J. 2021; 22(6):e103268. 7

http://dx.doi.org/10.1038/nrrheum.2016.136
http://www.ncbi.nlm.nih.gov/pubmed/27539668
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5500215
http://dx.doi.org/10.1371/journal.pone.0019163
http://www.ncbi.nlm.nih.gov/pubmed/21559479
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3084779


Tanideh N et al.

3. Wilson JF. To stop osteoarthritis, fixing cartilage may not be enough.
Ann Intern Med. 2007;147(6):437–9. doi: 10.7326/0003-4819-147-6-
200709180-00024. [PubMed: 17876032].

4. Carr AJ, Robertsson O, Graves S, Price AJ, Arden NK, Judge A, et al.
Knee replacement. Lancet. 2012;379(9823):1331–40. doi: 10.1016/s0140-
6736(11)60752-6.

5. Freitag J, Bates D, Boyd R, Shah K, Barnard A, Huguenin L, et al. Mes-
enchymal stem cell therapy in the treatment of osteoarthritis: repar-
ative pathways, safety and efficacy - a review. BMC Musculoskelet Dis-
ord. 2016;17:230. doi: 10.1186/s12891-016-1085-9. [PubMed: 27229856].
[PubMed Central: PMC4880954].

6. Jevotovsky DS, Alfonso AR, Einhorn TA, Chiu ES. Osteoarthritis and
stem cell therapy in humans: a systematic review. Osteoarthritis
Cartilage. 2018;26(6):711–29. doi: 10.1016/j.joca.2018.02.906. [PubMed:
29544858].

7. Benito MJ, Veale DJ, FitzGerald O, van den Berg WB, Bresnihan B.
Synovial tissue inflammation in early and late osteoarthritis. Ann
Rheum Dis. 2005;64(9):1263–7. doi: 10.1136/ard.2004.025270. [PubMed:
15731292]. [PubMed Central: PMC1755629].

8. Barry F, Murphy M. Mesenchymal stem cells in joint disease
and repair. Nat Rev Rheumatol. 2013;9(10):584–94. doi: 10.1038/nr-
rheum.2013.109. [PubMed: 23881068].

9. Vanlauwe J, Saris DB, Victor J, Almqvist KF, Bellemans J, Luyten FP,
et al. Five-year outcome of characterized chondrocyte implantation
versus microfracture for symptomatic cartilage defects of the knee:
early treatment matters. Am J Sports Med. 2011;39(12):2566–74. doi:
10.1177/0363546511422220. [PubMed: 21908720].

10. Maumus M, Manferdini C, Toupet K, Peyrafitte JA, Ferreira R, Fac-
chini A, et al. Adipose mesenchymal stem cells protect chondro-
cytes from degeneration associated with osteoarthritis. Stem Cell Res.
2013;11(2):834–44. doi: 10.1016/j.scr.2013.05.008. [PubMed: 23811540].

11. Sakaguchi Y, Sekiya I, Yagishita K, Muneta T. Comparison of human
stem cells derived from various mesenchymal tissues: superiority
of synovium as a cell source. Arthritis Rheum. 2005;52(8):2521–9. doi:
10.1002/art.21212. [PubMed: 16052568].

12. Fan J, Varshney RR, Ren L, Cai D, Wang DA. Synovium-derived
mesenchymal stem cells: a new cell source for musculoskele-
tal regeneration. Tissue Eng Part B Rev. 2009;15(1):75–86. doi:
10.1089/ten.teb.2008.0586. [PubMed: 19196118].

13. Kuroda K, Kabata T, Hayashi K, Maeda T, Kajino Y, Iwai S, et al. The
paracrine effect of adipose-derived stem cells inhibits osteoarthritis
progression. BMC Musculoskelet Disord. 2015;16:236. doi: 10.1186/s12891-
015-0701-4. [PubMed: 26336958]. [PubMed Central: PMC4559871].

14. Horie M, Choi H, Lee RH, Reger RL, Ylostalo J, Muneta T, et al. Intra-
articular injection of human mesenchymal stem cells (MSCs) pro-
mote rat meniscal regeneration by being activated to express Indian
hedgehog that enhances expression of type II collagen. Osteoarthri-
tis Cartilage. 2012;20(10):1197–207. doi: 10.1016/j.joca.2012.06.002.
[PubMed: 22750747]. [PubMed Central: PMC3788634].

15. Mirotsou M, Jayawardena TM, Schmeckpeper J, Gnecchi M, Dzau
VJ. Paracrine mechanisms of stem cell reparative and regenera-
tive actions in the heart. J Mol Cell Cardiol. 2011;50(2):280–9. doi:
10.1016/j.yjmcc.2010.08.005. [PubMed: 20727900]. [PubMed Central:
PMC3021634].

16. Li WJ, Chiang H, Kuo TF, Lee HS, Jiang CC, Tuan RS. Evaluation of ar-
ticular cartilage repair using biodegradable nanofibrous scaffolds
in a swine model: a pilot study. J Tissue Eng Regen Med. 2009;3(1):1–
10. doi: 10.1002/term.127. [PubMed: 19004029]. [PubMed Central:
PMC3699309].

17. Salami A, Al HM, Hussein I, Kowash M. An audit on the quality of intra-
oral digital radiographs taken in a postgraduate Paediatric Dentistry
setting. J Dent. 2017;1:14–7.

18. Murphy JM, Dixon K, Beck S, Fabian D, Feldman A, Barry F. Re-
duced chondrogenic and adipogenic activity of mesenchymal stem
cells from patients with advanced osteoarthritis. Arthritis Rheum.

2002;46(3):704–13. doi: 10.1002/art.10118. [PubMed: 11920406].
19. da Silva Meirelles L, Chagastelles PC, Nardi NB. Mesenchymal stem

cells reside in virtually all post-natal organs and tissues. J Cell Sci.
2006;119(Pt 11):2204–13. doi: 10.1242/jcs.02932. [PubMed: 16684817].

20. L. Ramos T, Sanchez-Abarca LI, Muntion S, Preciado S, Puig N, Lopez-
Ruano G, et al. MSC surface markers (CD44, CD73, and CD90) can iden-
tify human MSC-derived extracellular vesicles by conventional flow
cytometry. Cell Commun Signal. 2016;14:2. doi: 10.1186/s12964-015-0124-
8. [PubMed: 26754424]. [PubMed Central: PMC4709865].

21. Tang Y, Pan ZY, Zou Y, He Y, Yang PY, Tang QQ, et al. A comparative as-
sessment of adipose-derived stem cells from subcutaneous and vis-
ceral fat as a potential cell source for knee osteoarthritis treatment.
J Cell Mol Med. 2017;21(9):2153–62. doi: 10.1111/jcmm.13138. [PubMed:
28374574]. [PubMed Central: PMC5571554].

22. Chiang ER, Ma HL, Wang JP, Liu CL, Chen TH, Hung SC. Allogeneic Mes-
enchymal Stem Cells in Combination with Hyaluronic Acid for the
Treatment of Osteoarthritis in Rabbits. PLoS One. 2016;11(2). e0149835.
doi: 10.1371/journal.pone.0149835. [PubMed: 26915044]. [PubMed Cen-
tral: PMC4767225].

23. Singh A, Goel SC, Gupta KK, Kumar M, Arun GR, Patil H, et al. The role
of stem cells in osteoarthritis: An experimental study in rabbits. Bone
Joint Res. 2014;3(2):32–7. doi: 10.1302/2046-3758.32.2000187. [PubMed:
24526748]. [PubMed Central: PMC3926293].

24. Toghraie FS, Chenari N, Gholipour MA, Faghih Z, Torabinejad S, De-
hghani S, et al. Treatment of osteoarthritis with infrapatellar fat pad
derived mesenchymal stem cells in Rabbit. Knee. 2011;18(2):71–5. doi:
10.1016/j.knee.2010.03.001. [PubMed: 20591677].

25. Linero I, Chaparro O. Paracrine effect of mesenchymal stem cells
derived from human adipose tissue in bone regeneration. PLoS
One. 2014;9(9). e107001. doi: 10.1371/journal.pone.0107001. [PubMed:
25198551]. [PubMed Central: PMC4157844].

26. de Lange-Brokaar BJ, Ioan-Facsinay A, van Osch GJ, Zuurmond AM,
Schoones J, Toes RE, et al. Synovial inflammation, immune cells
and their cytokines in osteoarthritis: a review. Osteoarthritis Car-
tilage. 2012;20(12):1484–99. doi: 10.1016/j.joca.2012.08.027. [PubMed:
22960092].

27. Inukai T, Katagiri W, Yoshimi R, Osugi M, Kawai T, Hibi H, et al.
Novel application of stem cell-derived factors for periodontal re-
generation. Biochem Biophys Res Commun. 2013;430(2):763–8. doi:
10.1016/j.bbrc.2012.11.074. [PubMed: 23206704].

28. Jones E, English A, Churchman SM, Kouroupis D, Boxall SA, Kinsey S, et
al. Large-scale extraction and characterization of CD271+ multipoten-
tial stromal cells from trabecular bone in health and osteoarthritis:
implications for bone regeneration strategies based on uncultured
or minimally cultured multipotential stromal cells. Arthritis Rheum.
2010;62(7):1944–54. doi: 10.1002/art.27451. [PubMed: 20222109].

29. Heldring N, Mager I, Wood MJ, Le Blanc K, Andaloussi SE. Ther-
apeutic Potential of Multipotent Mesenchymal Stromal Cells and
Their Extracellular Vesicles. Hum Gene Ther. 2015;26(8):506–17. doi:
10.1089/hum.2015.072. [PubMed: 26153722].

30. Veronesi F, Maglio M, Tschon M, Aldini NN, Fini M. Adipose-derived
mesenchymal stem cells for cartilage tissue engineering: state-of-the-
art in in vivo studies. J Biomed Mater Res A. 2014;102(7):2448–66. doi:
10.1002/jbm.a.34896. [PubMed: 23894033].

31. Platas J, Guillen MI, del Caz MD, Gomar F, Mirabet V, Alcaraz MJ. Con-
ditioned media from adipose-tissue-derived mesenchymal stem cells
downregulate degradative mediators induced by interleukin-1beta
in osteoarthritic chondrocytes. Mediators Inflamm. 2013;2013:357014.
doi: 10.1155/2013/357014. [PubMed: 24363499]. [PubMed Central:
PMC3864089].

32. Li C, Li G, Liu M, Zhou T, Zhou H. Paracrine effect of inflamma-
tory cytokine-activated bone marrow mesenchymal stem cells and
its role in osteoblast function. J Biosci Bioeng. 2016;121(2):213–9. doi:
10.1016/j.jbiosc.2015.05.017. [PubMed: 26315505].

8 Shiraz E-Med J. 2021; 22(6):e103268.

http://dx.doi.org/10.7326/0003-4819-147-6-200709180-00024
http://dx.doi.org/10.7326/0003-4819-147-6-200709180-00024
http://www.ncbi.nlm.nih.gov/pubmed/17876032
http://dx.doi.org/10.1016/s0140-6736(11)60752-6
http://dx.doi.org/10.1016/s0140-6736(11)60752-6
http://dx.doi.org/10.1186/s12891-016-1085-9
http://www.ncbi.nlm.nih.gov/pubmed/27229856
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4880954
http://dx.doi.org/10.1016/j.joca.2018.02.906
http://www.ncbi.nlm.nih.gov/pubmed/29544858
http://dx.doi.org/10.1136/ard.2004.025270
http://www.ncbi.nlm.nih.gov/pubmed/15731292
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1755629
http://dx.doi.org/10.1038/nrrheum.2013.109
http://dx.doi.org/10.1038/nrrheum.2013.109
http://www.ncbi.nlm.nih.gov/pubmed/23881068
http://dx.doi.org/10.1177/0363546511422220
http://www.ncbi.nlm.nih.gov/pubmed/21908720
http://dx.doi.org/10.1016/j.scr.2013.05.008
http://www.ncbi.nlm.nih.gov/pubmed/23811540
http://dx.doi.org/10.1002/art.21212
http://www.ncbi.nlm.nih.gov/pubmed/16052568
http://dx.doi.org/10.1089/ten.teb.2008.0586
http://www.ncbi.nlm.nih.gov/pubmed/19196118
http://dx.doi.org/10.1186/s12891-015-0701-4
http://dx.doi.org/10.1186/s12891-015-0701-4
http://www.ncbi.nlm.nih.gov/pubmed/26336958
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4559871
http://dx.doi.org/10.1016/j.joca.2012.06.002
http://www.ncbi.nlm.nih.gov/pubmed/22750747
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3788634
http://dx.doi.org/10.1016/j.yjmcc.2010.08.005
http://www.ncbi.nlm.nih.gov/pubmed/20727900
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3021634
http://dx.doi.org/10.1002/term.127
http://www.ncbi.nlm.nih.gov/pubmed/19004029
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3699309
http://dx.doi.org/10.1002/art.10118
http://www.ncbi.nlm.nih.gov/pubmed/11920406
http://dx.doi.org/10.1242/jcs.02932
http://www.ncbi.nlm.nih.gov/pubmed/16684817
http://dx.doi.org/10.1186/s12964-015-0124-8
http://dx.doi.org/10.1186/s12964-015-0124-8
http://www.ncbi.nlm.nih.gov/pubmed/26754424
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4709865
http://dx.doi.org/10.1111/jcmm.13138
http://www.ncbi.nlm.nih.gov/pubmed/28374574
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5571554
http://dx.doi.org/10.1371/journal.pone.0149835
http://www.ncbi.nlm.nih.gov/pubmed/26915044
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4767225
http://dx.doi.org/10.1302/2046-3758.32.2000187
http://www.ncbi.nlm.nih.gov/pubmed/24526748
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3926293
http://dx.doi.org/10.1016/j.knee.2010.03.001
http://www.ncbi.nlm.nih.gov/pubmed/20591677
http://dx.doi.org/10.1371/journal.pone.0107001
http://www.ncbi.nlm.nih.gov/pubmed/25198551
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4157844
http://dx.doi.org/10.1016/j.joca.2012.08.027
http://www.ncbi.nlm.nih.gov/pubmed/22960092
http://dx.doi.org/10.1016/j.bbrc.2012.11.074
http://www.ncbi.nlm.nih.gov/pubmed/23206704
http://dx.doi.org/10.1002/art.27451
http://www.ncbi.nlm.nih.gov/pubmed/20222109
http://dx.doi.org/10.1089/hum.2015.072
http://www.ncbi.nlm.nih.gov/pubmed/26153722
http://dx.doi.org/10.1002/jbm.a.34896
http://www.ncbi.nlm.nih.gov/pubmed/23894033
http://dx.doi.org/10.1155/2013/357014
http://www.ncbi.nlm.nih.gov/pubmed/24363499
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3864089
http://dx.doi.org/10.1016/j.jbiosc.2015.05.017
http://www.ncbi.nlm.nih.gov/pubmed/26315505

	Abstract
	1. Background
	2. Objectives
	3. Methods
	4. Results
	Figure 1
	Figure 2
	Figure 3

	5. Discussion
	5.1. Conclusions

	Acknowledgments
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 

	References

