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Size-dependent effects and performance optimization of decellularized bioactive
microcarriers in cartilage organoid construction
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Abstract Objective To evaluate the pro-proliferative and chondrogenic potential of cartilage organoid (CORG) constructed using
decellularized extracellular matrix (dECM) microcarriers of varying sizes. Methods ~dECM microcarriers were prepared and validated for
decellularization efficacy, matrix component preservation, and biocompatibility. Two sizes of microcarriers were screened and combined
with rat bone marrow mesenchymal stem cell (BMSC) to construct the CORG. DNA quantification , histochemical staining, immunofluo-
rescence staining,and real-time quantitative PCR were employed to assess cell proliferation, chondrogenic differentiation,and cell adhe-
sion capabilities within the CORG. Results The dECM microcarriers were successfully prepared, achieving complete decellularization
while preserving matrix component integrity. Particle size analysis facilitates the effective screening of two distinct microcarrier sizes,
both of which demonstrated non-cytotoxicity and excellent biocompatibility. Compared with the CORG constructed from large-sized dECM
microcarriers (HCORG group),the CORG constructed from small-sized dECM microcarriers (SCORG group) significantly enhanced cell
proliferation , exhibited a more regular spatial structure,and showed superior extracellular matrix secretion,as well as improved inter-
cellular and cell-microcarrier interactions and adhesion. Additionally, the expression of SOX9,a key gene in chondrogenesis, was elevated
in the SCORG group. Real-time quantitative PCR results indicated that both groups exhibited high expression levels of chondrogenic genes
(SOX9,COLII ,and ACAN),which peaked on day 14 (P < 0.001). Notably, the expression levels of both chondrogenesis- and cell adhe-
sion-related genes were significantly higher in the SCORG group (P < 0.01). Conclusion CORG constructed with small-sized microcar-
riers demonstrates enhanced chondrogenic differentiation potential and stronger intercellular adhesion capacity.
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A,DAPI staining ( x 20) ; B, HE staining ( x 20) ;C, toluidine blue staining ( x 20) ;D ,safranin O staining ( x 20) ; E, particle size distribution analysis
of decellularized extracellular matrix microcarriers.
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Fig.1 Validation of porcine cartilage decellularization and particle size screening
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A, cytotoxicity evaluation of decellularized extracellular matrix microcarrier extracts; B, live/dead cell staining of BMSCs treated with decellularized extra-

cellular matrix microcarrier extracts ( x 4) . * P < 0.01 vs. control group.
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Fig.2 CCK-8 assay and live/dead cell staining of BMSCs after treatment with dECM extract
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A,S0X9 mRNA;B,ACAN mRNA;C,COL Il mRNA;D,ITGBI mRNA;E,ITGAS mRNA. * P < 0.01 vs. HCORG group.
El3 2/HCORGHIZ BT AR MIE X B EFAM LR

Fig.3 Comparison of chondrogenesis- and cell adhesion-related gene expression between the two groups
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A ,macroscopic appearance of CORG ( x 10) ;B,DNA quantification of CORG ; C, quantitative analysis of SOX9 mRNA expression; D, HE , alcian blue,

and safranin O staining ( x 4) ; E, immunofluorescence staining of SOX9 ( x 4). % P <0.01 vs. HCORG group.
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Fig.4 Gross observation, DNA quantification, and histological staining of CORG in the two groups
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