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ABSTRACT 

Glioblastoma (GBM), the most aggressive central nervous system (CNS) tumor, remains 

incurable despite medical progress. Understanding GBM's molecular processes is vital for 

therapy development. In recent years, microRNAs (miRNAs) have been found to exhibit altered 

expression in GBM and other cancers, influencing key hallmarks. This study focuses on miR-

210, a highly oncogenic miRNA in GBM, and aims to unravel its role in reprogramming energy 

metabolism – an emerging hallmark of cancer. To uncover its role in tumor metabolism, 

aldehyde dehydrogenase 5 family member A1 (ALDH5A1) was identified and validated as a 

direct target of miR-210 in GBM. Here, we report the role of miR-210/ALDH5A1 axis in GBM 

metabolism for the first time. We show that ALDH5A1 is downregulated in GBM patients and 

play an important role in cellular metabolism. By measuring various parameters like glucose 

uptake, extracellular lactate, ATP, and extracellular acidification rate (ECAR), we demonstrate 

that miR-210 promotes the glycolysis of GBM while ALDH5A1 inhibits it. We also demonstrate 

that ALDH5A1 overexpression significantly increases the oxygen consumption rate (OCR) 

GBM cells, while miR-210 inhibits mitochondrial respiration. Finally, we established a tumor 

suppressor role of ALDH5A1 in GBM where it inhibited cellular proliferation, 3D-spheroid 

formation, and reactive oxygen species (ROS) accumulation.  Additionally, the study explores 

miR-210 as a potential therapeutic target and introduces a novel nanocarrier designed for the in 

vitro delivery of anti-miR-210 to GBM cells. Considering the challenges of delivering small 

RNA-based therapeutics into cells, a unique transglutaminase (TGase)-based nanocarrier was 

developed, designed in the shape of a blooming flower. These TGase nanoflowers (TGNFs), 

functionalized with PEI and with a mean diameter of 61nm, effectively complexed with anti-

miR-210, enhancing its cellular uptake and facilitating its downregulation. The TGNFs exhibited 

>90% encapsulation efficiency for anti-miR-210, demonstrated non-cytotoxicity, did not 

adversely affect the liver and kidney health of CD1 mice, protected the cargo from serum 

nucleases, and prevented replacement by other polyanion moieties. Delivering anti-miR-210 to 

GBM cell lines U-87 MG and LN229 using the TGNFs led to a substantial reduction in cellular 

proliferation and migration, along with the induction of apoptosis. Overall, this research 

validates a novel target of miR-210, sheds light on its role in GBM metabolism, and presents a 

unique nanocarrier for delivering its antagonist to GBM cells. 
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