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BEBEEEP AL BHERERFITEMO—$ Y >TW5, BIE, FHBREREED 1D
LT Parathyroid hormone(PTH)AMEREN T, PTH X BEAZIRETILELIC, BRI
RETHIERMBNL TS, 4 i HEERMIEBMSC ORI RELAEF £ 17V, PTH X
BMSC DOZELEFEE BMSC 20 B HEMIE~D4 b RREL , ¥R B BE2HEE ISR %
#417-(J Bone Miner Res. 2019:1952-1963), 7= PTH #&E.1%, Wnt 27 /L4 [EF Sost
RBIMEMEIL, Wnt V7 FAE2EMIETIZETEREZBMETIIERREINTHDNature
Commun. 2016:19:7:13176), L L. PTH LA B BEMIZBWT, Wnt 7 FARED L5748
BIZ Lo THME{LENTVAEDNE, REREICTEMEIN TR, Bz, PTH X EFEHERRED
MEIZ/ERL., BEEMRS LB REEERET IO ? HBWE, PTH icL2F &M
T, Sost DEBIMFNTINZ T, Wnt VATV ROEESCE OMBNELTS Wt DEENRED A
TATHS,
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Wnt UV NORBEE T NVEADR®ET —Z(Nature. 2019:222-228Y - BT LI R,
BMSC IZBWTHBEED Wit UV REEHB RO, Wt VTV ROSUNTIE Wls EVS 5T
P REURNETHB, AT F AN Cre BRAVVEEIFHIERERAYE Wis REB~-VRITELD
BB 2TA(PNAS. 2012:14;109(33)E2197-204), £HZAREBICBITAERBIZH TS
BMSC B3 Wnt 0% F, X612 PTH I L 58 BEMERICRBIT 5 E N OREN OV TIREE T D7
¥, BMSC #2917 Wis 2 KBEE, BMSC 235 Wnt MBoibEhizv < A (LepR-Cre; Wlsti:
BMSC-Wls cKO)&{EH L7z, nCTHEATOFER . 2 br—/L LB 108 BMSC-Wls cKO @
BRITFEEICED L, ZORRE, BMSC H3ED Wit REEBROEELRETAEERRTT
BHAZEERBLIL,

¥7z, 10 BEOEMED M — <Y A PTH % 10 BR#ESL, pnCT BFE1To7, TORE,
BEENVERIZENLE, —F . BMSC-Wls cKO vV AT PTH #5125 F EOF BRHEMIEE
bbbl EbiZ, BMSCZREH X THRH T&3(LepR-Tomato) w7 2% B YT Osx DEE
WEEfTolH R, I ha— LB LT LepR-Tomato #8R., Osx B FHEHIAEGL ML, =
NODFEENG, PTH iZ BMSCIZ/ERAL., Wnt UH L RESIMESEAIET, BEEEMEEAIZEN
RIBENT, Fio, BICBT2 Wit U FOREBREFR 72225, PTH #5210 Wit T Wnt4
DEBEILPBEEIZ LA L TWAIEREB 2T,
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The Optimizing Bone Regeneration of Human Umbilical Cord-Derived Mesenchymal Stromal Cells:

The Role of Spontaneous Spheroids

BREE [ Abstract

Objective and background: Human umbilical cord mesenchymal stromal cells (WUC-MSCs), sourced
from medical waste, are widely available and free from ethical issues. These cells exhibit low
immunogenicity and possess the ability to differentiate in various directions and self-renew in vitro.
Consequently, hUC-MSCs present a promising solution for bone regeneration. Although many
researchers have used hUC-MSCs to verify their bone regeneration ability in bone defect animal models,
we believe that ectopic bone regeneration and bone repair are different. Here, we used ectopic bone
regeneration to investigate its osteogenic ability. Our aim was to observe the bone regeneration effect of
hUC-MSCs with improved osteogenic potential through spontaneous spheroids. (This study received
approval from the Matsumoto Dental University Committee on Intramural Animal Use under protocol
Nos. 418.)

Materials and methods:

1. HUC-MSCs (UC701) were obtained from NIBIOHN JCRB Cell Bank (JCRB 1218, Japan) and
seeded onto spheroid-forming low adhesive culture dishes (AS ONE, Osaka, Japan) to make spheroids.
Spheroids formed after 24 h and were then transferred into a separate centrifuge tube through a 40 pm
celi strainer to the following experiments.

2. Analysis of pluripotency genes (OCT4, SOX2, SSEA1 and NANOG) in hUC-MSC spheroids
compared with monolayer cells by RT-qPCR.

3. HUC-MSCs were induced using Mesenchymal Stem Cell Osteogenic Differentiation Medium
(D12109, Takara, Japan). ALP and Alizarin staining were performed to verify the induction effect of
hUC-MSCs after osteogenic induction for 14 d. To analyze osteoblast markers, RNA was extracted from
three groups. The groups included: (1) Monolayer cells (Mono), in which hUC-MSCs were cultured in
D-MEM into 2D dishes. (2) Monolayer cells with osteogenic induction (Mono-Cl), in which
hUC-MSCs were cultured in osteogenic induction medium into 2D dishes for 14 d. (3) Spontaneous
spheroids with osteogenic induction (Sph-Ql), in which hUC-MSCs were initially cultured in osteogenic
induction medium into 2D dishes for 14 d, followed by transfer to 3D dishes with D-MEM. Spheroids
were formed after 24 h and were coilected in a separate centrifuge tube using a 40 pm cell strainer. To
evaluate the expression of osteogenic genes (OCN, RUNX2, ALP, OPN, VEGFa, SP7 and COL1A1) in




Sph-OI compared with the two groups by RT-gPCR.

4. For in vivo testing, four-week-old male SCID mice (C.B-17/IcrHsd-PrkdeSCID, SLC, Japan) were
used for heterotopic transplantation. Three groups were transplanted into mice using beta-tricalcium
phosphate as a scaffold. Transplanted samples were harvested at 4, 8, and 12 weeks post-surgery,
followed by euthanasia of the mice. Transplant samples were stained using HE staining, TRAP staining,
and immunohistochemistry (OCN and SP7).

5. For data analysis, SPSS version 17.0 was utilized. Numerical data were reported as mean =+ standard
deviation and analyzed using Student’s t-test between two groups and One-Way analysis of variance
(ANOVA) between three groups, followed by the Bonferroni post-hoc test for multiple comparisons. A
P-value of less than 0.05 was considered statisticaily significant.

Results:

1. HUC-MSCs were cultured on 3D culture dishes and spontaneous spheroids formed successfully in 24
h. Morphological observations revealed that sphercids remained spherical throughout the culture period,
and the diameters of the spheroids were also relatively uniform.

2. The expression of pluripotency markers OCT4 (P < 0.001), SOX2 (P < 0.01), SSEA1 (P <0.001), and
NANOG (P < 0.01) was upregulated in spontaneous spheroids compared with monolayer cells.

3. The mRNA expression of OCN, ALP, and OPN was remarkably high in the Sph-OI group compared
to the two groups (P < 0.001). Additionally, the mRNA expression levels of VEGFa and COLlal were
significantly increased in Sph-OI group compared to the two groups (P < 0.01). The mRNA expression
levels of RUNX?2 and SP7 were also higher in Sph-OI group compared to the other two groups (P <
0.05).

4. HE staining; In the Mono group, no new bone tissue was observed at any time points (4, 8, and 12

weeks). In the Mono-OI group, less new bone tissue was observed at 4 and 8 weeks post-transplantation.
At 12 weeks, a few island-shaped new bones were observed. In the Sph-OI group, a few island-shaped
new bones were observed at 4 weeks, and the bone area gradually increased over the following weeks.
In the Sph-OI group, the new bones formed were significantly higher than the other two groups at 4 (P <
0.001), 8 (P <0.001), and 12 weeks (P < 0.001).

5. TRAP staining: in Sph-Ol, the positive areas were significantly higher than those in the other two
groups at 4, 8, and 12 weeks (P < 0.001).

6. Immunohistochemistry for OCN and SP7 indicated higher levels of osteogenetic activity in Sph-OL
Conclusion: These hUC-MSCs spheroids exhibited superior pluripotency, and spheroids after
osteogenic induction can improve their bone regeneration ability. The transplant samples showed new
bone formation, increased bone metabolism, and bone activity-related protein expression. However, the
bone structure formed was primarily osteoid tissue. This may be associated with the number of
transplanted cells and the selection of human stem cell scaffolds. Different methods of harvesting
hUC-MSCs directly affect their pluripotency, which in turn affects their ability to mature the bone
during regeneration. Future research on hUC-MSCs spheroids should focus on elucidating the
osteogenesis mechanism and signaling pathways involved in bone formation, and how to enhance bone

maturity.
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REMEESICHL TI L —EBEEITIRE, BHREOBSMOEBRA V7 NBla Ry
PRI EBRRELRAILE DD, ZOLREES ., BiRERSN-EOREIISFEL
LUV NRTEL TWATD, CORTMLEZER TIUEIWOLFEHIZERE W, ITFE, = FAVES
BB TR, A& ETIvIR, AR Uy NP 7a 8 2 RETRHCE A CE B EEE R BT
WHREINTER, LML, ZThOOEERIZBAT T30V 7 B ORI OV T ELEH L
TR, FLC, AT, 4META/MMA-TBB L TEFLUFEBEBR ANV 7 NVEa R
Dol Prduayzé PMMA 7 ays OB/ IREEBSICRIETRIAEOREE R
3.

[#1pkE 5]

BER AN TANLa RO N (PRI Re=2N=F T, YU AT IV ) a— Bz
FHL, LED REEBZAWT I8 DY 77 my7 (10 x 10 x 8 mm2) Z{ERL-. +<ToD
BEVITH AR EBAR # 600 THFEEL, 4B (Cont.), TA—ATFA4v— (P AT 400 TP), REL
B U= (B AT 4 N 10-8), M&C T I A< (U AT 10 MC) 2B W T[TP+MC,
[TP], [10-3+MC], [10-3], [MC], [Cont.]® 6 B (n=3) ICEIEHIT/HiTT. FAUBREE
PMMA 7 a7z A= =R R EX U7 (AT 0 0) THEEL, 3047 R 1kef THIE, 37 °C
T1EBAKPEELE. ZRHOREF2E— MK, 7eA~yFAE—F 1.0 mm/min T
/NB RS TRE (4 TBS) ZHIE Lz, F—4#1d, ANOVA BLU Tukey test {CLDFEHFRHZARYT
L7z,

[FER]

SN B IR REE SRS [ TP+MC)EE T 40.66 MPa, [TPIEET 36.24 MPa, [10-3+MCI#T
41.97 MPa, [10-3]8£ T 43.02 MPa, [MCJ&:C 29.27 MPa, [Cont.]3 T 38.76 MPa Th-7z.
[10-3]BECE A, [MCIB TR/ ERLUE. Tz, [IMCIE3[Cont. JE L ELE L TH BIZEV VER
RL7=(p<0.05).
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B R T, BEAV RV Do~y Z U B ERICR T 5/ S IREF RS ICITE
BREBRD, DUAEEREDETELLTILMD, BEEToERMCIIRFELELIT 10-3
WEBEATIZLRBRELNEE NS, 4%, SEM TOBMEBHECRAHLOLBETITETH
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