NANOPARTICLE-BASED BIOSENSING ASSAY FOR MULTIPLEXED DETECTION OF CIRCULATING TRANSCRIPTS FOR EARLY DETECTION OF PDAC
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Due to the inability of existing serum CA-19.9 biomarker tests to diagnose pancreatic cancer (PC) at an early and curable stage, 85-90% of PC tumors extend beyond the pancreas or are metastasized at the time of diagnosis. Thus, effective and affordable serum-based screening modalities are needed to allow for early detection. Several differentially upregulated circulating transcripts, such as miRNAs and mucin splice variants have been identified as promising biomarkers. However, their very low concentration in sera dictates a need for new detection technology that is rapid, ultrasensitive, direct, and multiplexed. Here is described the development of an innovative DNA-linked Nanoprobe (DNA-AuNPr)-based miRNA assay for direct (PCR-free), in-situ (RNA isolation-free), ultrasensitive, and multiplexed quantification of circulating transcripts (MUC4∆6 and miRNAs) from small-volume serum samples. Unique DNA-AuNPr targeted to MUC4∆6 and miRNAs were synthesized by conjugating four different fluorophore-tagged DNA probes to PEG-coated gold nanoparticles, and the resulting DNA-AuNPr were fully characterized with UV, DLS, Zeta potential, and TEM. A kinetic evolution assay of multicolor fluorescence signal was performed for ultrasensitive quantification of synthetic miRNAs in uniplex and multiplexed settings. The utility of the assay was tested for detecting MUC4∆6 alone and four miRNAs together, directly in denatured sera of patients with PDAC, chronic pancreatitis (CP), and healthy control (HC) in a blinded validation set compared with the performance of CA-19.9. Optimization of uniplex assay of MUC4∆6 and multiplexed assay of a panel of differentially overexpressed miRNAs yielded promising results. All assays exhibited a high linear dynamic range (10 pM-500 pM), and the limit of detection ranged from 3-10 pM. The MUC4∆6 revealed differential overexpression in PC samples compared to CP and HC controls. Previous bioinformatic analyses and literature study revealed significant upregulation of miR-21, miR-210, miR-141, and miR-203b in PC compared to HC. Confirming this, standard curves from the uniplex and multiplex miRNA assays demonstrated differential overexpression in PC versus CP and HC controls. The direct, RNA-isolation free miRNA quantification method performed equally well or better than quantification of an equivalent amount of isolated RNA from serum. Preliminary ROC analysis from the training and blinded validation set revealed clear discrimination between patients with PC and with CP, with AUC values of >0.95, greater than CA-19.9 alone. 
