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3D Bioprinted Blood-Brain-Tumor Barrier Spheroid-Based In Situ
Evaluation of Anticancer Compounds Against Glioblastoma:

A= ROS-Producing Ruthenium as a Potential Therapeutic Candidate
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An in situ 3D platform links barrier penetration with tumor-cell response and
highlights the anticancer potential of a Ruthenium Compound
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Abstract
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Professor Joon Myong Song's research team at the College of
Pharmacy, Seoul National University, has successfully developed a 3D
bioprinted blood-brain—tumor barrier (BBTB) spheroid model for




evaluating anticancer compounds against glioblastoma. The platform
enables drug responses to be assessed directly in intact, multicellular
spheroids, preserving key features of the tumor barrier and
microenvironment.
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Background: Overcoming glioblastoma (GBM) remains a major
therapeutic challenge, with drug delivery constrained by the blood-
brain—-tumor barrier (BBTB) and tumor behavior shaped by the
brain-specific = microenvironment. Conventional models have
important limitations: subcutaneous models do not recapitulate
brain-specific conditions, while existing in vitro platforms have not
fully enabled simultaneous, quantitative assessment of drug
penetration and tumor-cell responses within intact BBTB spheroids
that preserve barrier-tumor interactions. These limitations
underscore the need for a physiologically relevant platform for
quantitatively  evaluating drug transport and response in
glioblastoma.

Methods: In this study, 3D bioprinted BBTB spheroids were
generated by co-culturing hCMEC/D3 endothelial cells, HBVP
pericytes, and U-87 MG GBM cells at a 1:1:1 ratio. Structural
organization and barrier-associated markers, including
tight-junction proteins and P-glycoprotein (P-gp), were
characterized. Drug-induced tumor-cell death was assessed in situ
using 7-AAD staining and confocal imaging following treatment with
paclitaxel, cisplatin, temozolomide (TMZ), or a ruthenium (Ru)
compound.

Results: The spheroids showed cytoplasmic mixing between pericytes
and GBM cells, along with expression of tight-junction proteins and
P-gp. Paclitaxel and cisplatin showed no detectable transcellular
transport, whereas TMZ and the Ru compound induced marked
tumor-cell death. The Ru compound showed a higher relative BBTB
permeability index than TMZ (14.2 vs. 10.6) and produced 2.1-fold
and 2.3-fold greater 7-AAD signals in patient-derived SNU-4210 and
SNU-5026 cells, respectively. Ru-induced reactive oxygen species
(ROS) were also associated with reduced occludin and ZO-1
expression and increased MMP-9 and endothelin-1 expression.
Conclusion: Considering these results, the combined assessment of
BBTB permeability and tumor-cell response can serve as a valuable
approach for evaluating anticancer compounds against GBM. In this
study, we establish a 3D-bioprinted BBTB spheroid platform for
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quantitative in situ evaluation of drug penetration and anticancer
activity. This approach provides a framework for assessing drug
delivery and tumor response in a brain tumor-relevant
microenvironment and supports further investigation of the
ROS-generating Ru compound as a potential therapeutic candidate.
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