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Spontaneous Spheroids of hUC-MSCs Regulate Osteogenic Differentiation for Enhancing Osteogenesis.

BEFI'E [ Abstract

Objective and background

Human umbilical cord mesenchymal stromal cells (RUC-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 cell strainer to the
following experiments.

2. Analysis of pluripotency genes (OCT4, SOX2, SSEAI 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-OI), in which hUC-MSCs were cultured in osteogenic
induction medium into 2D dishes for 14 d. (3) Spontaneous spheroids with osteogenic induction (Sph-Ol), 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 collected 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/lcrHsd-PrkdcSCID, SLC, Japan) were used
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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, immunohistochemistry (SP7 and OCN) and
TRAP staining.

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 statistically significant.

Results

1. hUC-MSCs were cultured on 3D culture dishes and spontaneous spheroids formed successfully in 24 h.
Morphological observations revealed that spheroids 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), SSEAI (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-Ol 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 RUNX2
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-Ol group, less new bone tissue was observed at 4 and 8 weeks, with only limited areas of newly
formed bone tissue exhibiting an irregular structure at 12 weeks post-transplantation. In the Sph-OI group,
sparse structures of osteoid tissue were observed at 4 weeks, and the bone area gradually increased in the
subsequent weeks. In the Sph-Ol 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. Immunohistochemistry for OCN and SP7 indicated higher levels of osteogenetic activity in Sph-OL

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

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. Optimizing the osteogenic differentiation process and elucidating the
underlying mechanisms of bone regeneration are critical scientific issues that urgently need to be addressed to

enable its application in bone regeneration.
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