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Abstract The aim of this study was to investigate the differences in the biological characteristics of
hSMSCs (human synovial mesenchymal stem cells) and hUC-MSCs (human umbilical cord mesenchymal stem
cells). hUC-MSCs and hSMSCs were identified by flow cytometry. The proliferation, differentiation, migration
abilities were comparatively studied between these two MSCs in vitro. The results showed that both hSMSCs and
hUC-MSCs showed a long spindle-shaped cell morphology, and flow cytometry analysis showed that both hSMSCs
and hUC-MSCs expressed cell surface markers characteristic of MSCs. hUC-MSCs showed high expression of
CD73, CD105 and CD147, while hSMSCs showed high expression of CD24. Furthermore, hSMSCs showed more
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outstanding early osteogenesis and chondrogenesis differentiation abilities. Meanwhile, hUC-MSCs showed stron-
ger proliferation and migration abilities, and the results of cell cycle showed that both hSMSCs and hUC-MSCs had

strong proliferation ability. Our findings indicated that hSMSCs and hUC-MSCs presented some similar biological

characteristics, and hSMSCs had stronger osteogenic and chondrogenic potentials, which might be used as ideal

seed cells for tissue engineering or cells for clinical therapy.
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The hSMSCs morphology with different days (A, B, C, and D for 3, 5, 7, and 12 d, respectively) and different passages (E, F, G, and H for P3, P6, P8,
and P10, respectively); the hUC-MSCs morphology with different passages (I, J, K, and L for P3, P5, P10, and P30, respectively).
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Fig.2 Flow cytometric analyses of phenotypic markers of hUC-MSCs and hSMSCs
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A, B, C and D were ALP staining for seven days, alizarin red staining for 21 days, oil red O staining for 14 days, and alcian blue staining for 21 days,

respectively. Arrows indicate stain-positive particles. ¥**P<0.01, ***P<0.001.
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Fig.6 Cell differentiation ability was evaluated by ALP staining, alizarin red staining, oil red O staining and alcian blue staining

FREEN, HAT, R L6 I7T N &2 12 B
A 78 0 T4 A, (EJ2 1R Z24RIE R B, B il 1A 78 i 20
HL AP 2 R S AR RIS S IR R R R, HE
BE 3R U A 000, f776 — E AR B 43, B LAIG
PR b 75 T2 58 22 3 At SR 1 1] 70 53 40 b 78 2
hUC-MSCs T 4 4 . T I PR Y6 I 2 Floge i, 191
B PR 225 [ 4 0 ML g S5 08-100 7 1 D1 48 R
PRI IS 9 SRR T 7 TH AR 1R 2 K AT 0F 52
BRI, IR ZHF 7T £ B, hUC-MSCsTR I RE &I H

SRR PR | U0 L T R A 2R, SRR B
E 4. 1R 2 W SR B, hUC-MSCs Lt & # 7]
70T 4 A B A B R ) 1Y B RE U, B DAAS Sk
P 7 B A 8K T 5 hUC-MSCs 5 hSMSCsidk
AT HE R I LR

CD44. CD73. CD90FI CD105-& [A] 78 i T4
Ji % 5 (R S e R THAR W . AR [ B 40 v o7
2o FE W 1] 78 5T 40 MY A 1K 45 8 A fE B MSC
PAZRFIE CD105. CD73F1CDY0, F H.#t/b CD45.



LS N AT i DR DN T i DR S e KRN 51 309

CD34. HLA-DR#If 4T . hUC-MSCs5 hSMSCs
(100 20 2 T %65 5 45 ST A T A I 5 8 AR b i
CD73 2 8] 70 i 41 i % 8 1 E B oy TAr &9, 18
hUC-MSCsH B B s IR EE . AIRIEFRCDT3E
FUBRE . R TUR . AT SRR S S 2 R
P e 8 A i Rk B R R 2 T, FRUESECDT3
FICD1477T DA i & i e SR 308 7L 4
Mgz, B, AR SRR 5256 5 Transwel 158
64k B R, CD73. CD147%£ 1A ¥ & [y hUC-MSCs
BA R I2 38 77; CD105/E 3G 58 1 I
A NI R N R R N ) ORI E = i e
FKik, [T CD105HUE B 5 TGF-B1AITGF-B3 A 1R
(210 77, 0T BeLE 18] 78 5T T 48 M 208 o Ao 78 ke
I FTGF-BIE 5 HIMER . AW 5T FhUC-MSCs#
hSMSCs# IACD105 5 1=y, {H [l F] 387 5 4y 4, 25 2
7, hNSMSCsH A 5 5 () B i e . & &5 R
J& 1T Be5 A MRIEA DG R, IR 20T RIR, 18RI
(%) 1] 78 Joit 1~ 4 i 2L A s o 1Y) e i 98 /3. huc-
MSCs#hSMSCs CD243R 1A B fik. GAOZEPIHF Fi %
W, CD24 [ 41 il . 45 EbCD24 41 ity 58 W 5 11 48 5
R 71, AT LAAE R ASHIE 78 v A XHIK K 1A CD24ThUC-
MSCsHA H 3 (1) 3G 5 fig

A HNCEE T N NI FE 53 5l o 0
JEEER B AN 0, 40 B 7524 h 47 BE MG BE, 10~14 K BB
FI80% 1y fl A 2, 4 5 Al IA3x10°~5x 104, fEAK
J& B AH I3 R 5 A7 g BB IA BI80% 1 fil & % . EARTE
A S8 45 B bk B, hUC-MSCs L A7 5 5 (1) 189 514 fig
71, (EhSMSCsth 5 1A 135 2 I PR S FH 140 i &=

Ifi R b 2GR 2 T AR R R 1) s 7] 78 )5
TR BT, K 22 2 O 1T S AL 1) it i, B
R VA 5% T 148 DG 19 M IR IR 1) 18] 78 o2 14t i A
Fto VNG IE] 78 5T 40 R RO AFAE — L5, A
FEAN A MR SR YR 14 TR) 78 Jo7 T4 e o 30 % 1) ot A
TSR, WA B FEN N E R T R P 2
AR R ARFRR 2G5 SR U 0 T R[] 7 o 4 i 5 B AT
TR T 20 PR 3R T e SR s — B, HLAR B R
FSCE AT R B A B IR E EEA) 78 o T 40
FLAG B0 1) S 2 H 4 FH2Y. NEYBECKERZPR
IR, V8 IS YR 1D 1) 70 53 40 B B A AR 5 1 OB R
2, ST REBERRED LR . OZEKIZPR
B, PSSR YR 4D 160 78 S5 T &0 B P A A AT AR 3k 2 A
W A& E G @ 4. hSMSCsTE VR T B BUCE B 4m 5

MEABRAIEN . fEART T RKIN, hSMSCsEA L
hUC-MSCs 5 58 () B e /1 5 U CE #e 71, HRAH
BRI IGTE AR /T, VLA IR RS, it AR OGS
SRR FThSMSCsAE & B8R B 442 52 77 T T et A
— JE [ R AN E

gx b, AN AN [ SR U1 18] 78 5T 248 A 5
TARHALRM M EE G A —FERRHE, kK L
1% 78 43 R X AL 7 AN o AR SCHR IR
hSMSCs5hUC-MSCs EW) 2= MR AL, HAE & 5K
HOEE T B —E W 71, v LME R T
T rp b AR ) 20 SRR

S E T #K (References)

[1] JESCHKE M G, REHOU S, MCCANN M R, et al. Allogeneic
mesenchymal stem cells for treatment of severe burn injury [J].
Stem Cell Res Ther, 2019, 10: 337.

[2] OMINICI M, LE BLANC K, MUELLER 1, et al. Minimal
criteria for defining multipotent mesenchymal stromal cells. The
International Society for Cellular Therapy position statement [J].
Cytotherapy, 2006, 8(4): 315.

[3] NEYBECKER P, HENRIONNET C, PAPE E, et al. Respective
stemness and chondrogenic potential of mesenchymal stem cells
isolated from human bone marrow, synovial membrane, and
synovial fluid [J]. Stem Cell Res Ther, 2020, 11(1): 316.

[4] TAO S C, YUAN T, ZHANG Y L, et al. Exosomes derived from
miR-140-5p-overexpressing human synovial mesenchymal stem
cells enhance cartilage tissue regeneration and prevent osteoar-
thritis of the knee in a rat model [J]. Theranostics, 2017, 7(1):
180-95.

[5] ZHU Y, 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 Res Ther,
2017, 8(1): 64.

[6] LUZ-CRAWFORD P, HERNANDEZ J, DJOUAD F, et al.
Mesenchymal stem cell repression of Th17 cells is triggered by
mitochondrial transfer [J]. Stem Cell Res Ther, 2019, 10(1): 1-3.

[7] SAMIH M A, INGE F, ATLE L S, et al. Adipose-derived
and bone marrow mesenchymal stem cells: a donor-matched
comparison [J]. Stem Cell Res Ther, 2018, 9(1): 168.

[8] CAI J, WU Z, XU X, et al. Umbilical cord mesenchymal
stromal cell with autologous bone marrow cell transplantation
in established type 1 diabetes: a pilot randomized controlled
open-label clinical study to assess safety and impact on insulin
secretion [J]. Diabetes Care, 2016, 39(1): 149-57.

[9] SHI X, CHEN Q, WANG F. Mesenchymal stem cells for the
treatment of ulcerative colitis: a systematic review and meta-
analysis of experimental and clinical studies [J]. Stem Cell Res
Ther, 2019, 10(1): 266.

[10] MCGONAGLE D, BABOOLAL T G, JONES E. Native joint-
resident mesenchymal stem cells for cartilage repair in osteoar-
thritis [J]. Nat Rev Rheumatol, 2017, 13(12): 719.

[11] MATAS J, ORREGO M, AMENABAR D, et al. Umbilical cord-



310

)

BRI

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

derived mesenchymal stromal cells (mscs) for knee osteoarthritis:
repeated msc dosing is superior to a single msc dose and to
hyaluronic acid in a controlled randomized phase i/ii trial [J].
Stem Cells Transl Med, 2019, 8(3): 215-24.

LIU L, WONG C W, HAN M, et al. Meta-analysis of preclinical
studies of mesenchymal stromal cells to treat rheumatoid arthritis
[J]. EBioMedicine, 2019, 47: 563-77.

WU Y, CAO Y, LI X, et al. Cotransplantation of haploidentical
hematopoietic and umbilical cord mesenchymal stem cells for
severe aplastic anemia: successful engraftment and mild GVHD
[J]. Stem Cell Res, 2014, 12(1): 132-8.

ZHANG X, YANG Y, ZHANG L, et al. Mesenchymal stromal
cells as vehicles of tetravalent bispecific Tandab (CD3/CD19) for
the treatment of B cell lymphoma combined with IDO pathway
inhibitor D-1-methyl-tryptophan [J]. J Hematol Oncol, 2017,
10(1): 56.

ZHAO Q, ZHANG L, WEI Y, et al. Systematic comparison
of hUC-MSCs at various passages reveals the variations of
signatures and therapeutic effect on acute graft-versus-host
disease [J]. Stem Cell Res Ther, 2019, 10(1): 354.

JIN H J, BAE Y K, KIM M, et al. Comparative analysis of hu-
man mesenchymal stem cells from bone marrow, adipose tissue,
and umbilical cord blood as sources of cell therapy [J]. Int J Mol
Sci, 2013, 4(9): 17986-8001.

ZHANG X, HIRAI M, CANTERO S, et al. Isolation and
characterization of mesenchymal stem cells from human umbilical
cord blood: reevaluation of critical factors for successful isolation
and high ability to proliferate and differentiate to chondrocytes
as compared to mesenchymal stem cells from bone marrow and
adipose tissue [J]. J Cell Biochem, 2011, 112(4): 1206-18.

HASS R, KASPER C, BOHM S, et al. Different populations and
sources of human mesenchymal stem cells (MSC): a comparison
of adult and neonatal tissue-derived MSC [J]. Cell Commun Sig-
nal, 2011, 9(1): 12.

GHALAMFARSA G, KAZEMI M H, RAOOFI MOHSENI S, et
al. CD73 as a potential opportunity for cancer immunotherapy [J].
Expert Opin Ther Targets, 2019, 23(2): 127-42.

SOLEIMANI A, TAGHIZADEH E, SHAHSAVARI S, et al.

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

CD73; a key ectonucleotidase in the development of breast can-
cer: recent advances and perspectives [J]. J Cell Physiol, 2019,
234(9): 14622-32.

LI H, XI Z, DAI X, et al. CD147 and glioma: a meta-analysis [J].
J Neurooncol, 2017, 134(1): 145-56.

HU X, SU J, ZHOU Y, et al. Repressing CD147 is a novel
therapeutic strategy for malignant melanoma [J]. Oncotarget,
2017, 8(15): 25806-13.

LI N, GAO J, MI L, et al. Synovial membrane mesenchymal
stem cells: past life, current situation, and application in bone and
joint diseases [J]. Stem Cell Res Ther, 2020, 11(1): 381.

GAO M Q, CHOI Y P, KANG S, et al. CD24" cells from hier-
archically organized ovarian cancer are enriched in cancer stem
cells [J]. Oncogene, 2010, 29(18): 2672-80.

DICARLO M, TETI G, CERQUENI G, et al. Synovium-derived
stromal cell-induced osteoclastogenesis: a potential osteoarthritis
trigger [J]. Clin Sci, 2019, 133(16): 1813-24.

LI F, TANG Y, SONG B, et al. Nomenclature clarification:
synovial fibroblasts and synovial mesenchymal stem cells [J].
Stem Cell Res Ther, 2019, 10(1): 260.

HUANG Y, XIE H, SILINI A, et al. Mesenchymal stem/
progenitor cells derived from articular cartilage, synovial
membrane and synovial fluid for cartilage regeneration: current
status and future perspectives [J]. Stem Cell Rev Rep, 2017,
13(5): 575-86.

MCINTYRE J A, JONES I A, HAN B, et al. Intra-articular mes-
enchymal stem cell therapy for the human joint: a systematic
review [J]. Am J Sports Med, 2018, 46(14): 3550-63.

SAYEGH S, EL ATAT O, DIALLO K, et al. Corrigendum:
rheumatoid synovial fluids regulate the immunomodulatory
potential of adipose-derived mesenchymal stem cells through a
TNF/NF-kB-dependent mechanism [J]. Front Immunol, 2019,
10: 1961.

OZEKI N, MUNETA T, MATSUTA S, et al. Synovial mesen-
chymal stem cells promote meniscus regeneration augmented
by an autologous Achilles tendon graft in a rat partial meniscus
defect model [J]. Stem Cells, 2015, 33(6): 1927-38.



