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Abstract

Gene therapeutics including coding messenger RNA (mRNA) and DNA plasmids, and non-coding small
interfering RNA (siRNA) and microRNA (miRNA) have great potential for unmet medical needs such as
regenerative medicine and cancer treatment. However, a major challenge is the ability to deliver those large
biomolecules into target tissues and cells. Many cell transfection techniques have been developed, including
viral vectors and nanopatrticles (e.g. liposomes). But they suffer from severe immunogenicity, poor efficacy,
and/or high cost. Recently, cell and cell-secreted vesicles such as exosomes that encapsulate genetic and
proteomic materials have emerged as promising new therapeutics. Here, we introduce a new technology
platform, nanochannel electroporation (NEP) for highly effective cell transfection and vesicle secretion. The
potential of transfected cells and their secreted extracellular vesicles (EVsS) containing therapeutic mMRNA is
demonstrated in a number of frontier medical fields including non-viral generation of induced endothelial cells
(iECs) for wound healing, therapeutic neutrophils for rheumatoid arthritis (RA) treatment, umbilical cord MSC
secretome for acute respiratory distress syndrome (ARDS) treatment, as well as mRNA containing therapeutic
exosomes for skin rejuvenation, revascularization, and gliomas and pancreatic cancer treatment. Liquid biopsy
is a minimal invasive early detection method that has the potential to reduce mortality rates of many major
diseases such as cancer and virus infection. Current detection of soluble proteins in body fluids suffers from high
false positive rate and limited application range. Given their role in fundamental tumor biology, EV mRNAs have
emerged as potential biomarkers for cancer detection. The current methods for EV analysis use either PCR,
next generation sequencing and/or hybridization microarray to identify RNA targets, or LC-MS and ELISA to
identify protein targets. These technologies can only provide averaged information from total RNA/protein from
all EVs. Since EVs in body fluids come from various cell sources, these analyses cannot provide high sensitivity
and specificity in liquid biopsy. We have developed a facile nano-engineered biochip technology to detect target
MRNAs and their proteins in individual EVs for superior diagnosis potential of cancer and infectious diseases.
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