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NIPHA CHAICHAROENAUDOMRUNG : FABRICATION OF 3D CALCIUM-
ALGINATE SCAFFOLD CELL CULTURE SYSTEM AS A NERVE-TISSUE
CANCER MODEL FOR ANTICANCER DRUG STUDIES.

THESIS ADVISOR : ASST. PROF. PARINYA NOISA, Ph.D. 167 PP.

3D CALCIUM-ALGINATE SCAFFOLDS/ANTICANCER DRUGSCREENING/NERVE-

TISSUE CANCER MODEL/CORDY CEPIN/TRANSCRIPTOMIC

Nerve-tissue cancer, in particular glioblastoma and neuroblastoma, is a global
challenge to human health. Besides, glioblastoma is the most aggressive type of brain
malignancy and highly resistant to chemotherapy, with a median survival rate of 12-15
months for a newly diagnosed glioblastoma, and 5-7 months for recurrent glioblastoma.
Cordycepin, a bioactive compound of Cordyceps ssp., has been revealed as a strong
anti-cancer agent through several pathways under the traditional two-dimension (2D)
in vitro cell culture condition. However, the mechanisms, by which cordycepin counteracts
nerve-tissue cancer, is still poorly understood. In this study, the underlying mechanisms of
cordycepin against human nerve-tissue cancer cell line were explored. Here, it was found
that cordycepin inhibited cell growth and induced apoptosis in both U-251 glioblastoma
and SH-SYSY neuroblastoma cell lines through the mitochondrial-mediated intrinsic
pathway and the modulation of autophagy. However, an emerging view finds that the
traditional 2D cell culture may not accurately mimic the three-dimensional environment, in
which cancer cells reside. The three-dimensional (3D) cell culture model has been
increasingly used to study cancer biology and screen for anticancer agents due to its close
mimicry to the in vivo tumor biopsies. Therefore, the 3D calcium (Ca)-alginate scaffolds
were developed for glioblastoma cell culture and an examination of the responses to the
anticancer agents, including temozolomide, doxorubicin and cordycepin. Compared to the

2D culture, glioblastoma cells cultured on the 3D Ca-alginate scaffolds showed reduced cell
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proliferation, increased tumor spheroid formation, enhanced expression of cancer stem cell
genes, and improved the expression of differentiation potential-associated genes.
Additionally, the vascularization potential of the 3D glioblastoma cells was increased, as
indicated by a higher expression of tumor angiogenesis biomarker than that of the cells in
the 2D culture. Then, the 3D glioblastoma cells were treated with the anticancer agents,
including temozolomide, doxorubicin, and cordycepin. The results demonstrated that the
3D glioblastomas presented a greater resistance to the tested anticancer agents than that of
the cells in the 2D culture. Additionally, to understand this glioblastoma biology and reveal
the mechanism of anticancer drugs resistance, the transcriptomic profiles and molecular
pathways were analyzed using Next Generation Sequencing Illumina HiSeq technology.
The data demonstrated that glioblastoma cells in the 3D Ca-alginate scaffolds exhibited
higher resistance to anti-cancer drugs than the 2D condition. The results revealed that 7,411
and 3,915 genes of 3D glioblastoma were upregulated and downregulated, respectively as
compared with the 2D monolayer glioblastoma culture. Further, the KEGG pathway
analysis showed that the downregulated genes were mainly enriched in cell cycle and DNA
replication pathways, while the upregulated genes were mainly enriched with MAPK
signaling, autophagy, drug metabolism-cytochrome P450, and ABC transporter pathways.
Such alterations of gene expression gave us a clue to better understand the
related-mechanisms to anticancer drug resistance of human glioblastoma. Taken together,
the 3D calcium-alginate scaffolds developed in this research could be a feasible platform
for human nerve-tissue cancer study, anti-cancer drug screening, and novel molecular target

identification with a low-cost and easy-to-use approach.
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