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Challenges in characterization of extracellular vesicles by fluorescence-based methods for clinical applications using bronchoalveolar lavage fluid and plasma from patients with suspected non-small cell lung cancer as examples.
Recent studies show that small Extracellular Vesicles (EVs), secreted by all cell types, are involved in intercellular communication by transferring proteins, lipids and genetic material between cells and reflect the physiological state of the parent cells. EVs are found in all types of biological fluids and can therefore be collected from patients in a minimally invasive manner as a so-called "liquid biopsy" as a source of diagnostic or prognostic biomarkers for various diseases.
However, due to their heterogeneity and small size, the use of EVs as biomarkers poses many technical problems. Most characterization methods used for cells cannot be applied to EVs. In recent years, several new methods have been developed to analyze the size, concentration and molecular composition of EVs. Fluorescence-based methods, such as fluorescent nanoparticle tracking analysis (f-NTA) and nanoscale flow cytometry (nFC) appear to be particularly useful. They make it possible to distinguish EVs from background and interfering factors such as lipoproteins and the protein corona, which are particularly common when EVs are isolated from biological fluids. However, these methods need to be optimized and validated to be used for accurate and reliable analysis of EVs, which is the basis for developing future applications of EVs as biomarkers in clinical practice.
In the present study, we attempted to optimize and validate the quantitative and phenotypic analysis of EVs isolated from biological fluids (plasma and bronchoalveolar lavage fluid, BALF) using the f-NTA method, one of the latest cutting-edge methods for characterizing extracellular vesicles. This original research was published as Publication No.1 of the presented series. The purpose of this research was to develop a protocol for the isolation of EVs from biological fluids and a fluorescent staining protocol for the accurate analysis of the concentration and molecular composition (presence of tetraspanins) of EVs by the f-NTA method, in terms of future applications of EVs as diagnostic and/or prognostic biomarkers, Non-small cell lung cancer (NSCLC) was chosen as an example of a disease of high clinical relevance, firstly because of existing reports on the possible role of EVs as biomarkers for this type of cancer, and secondly because of the possibility of obtaining of the previously mentioned two types of biological fluids, plasma and BALF, from patients with suspected NSCLC. 
A method for isolation of EVs from BALF and conditions for fluorescent staining with a lipid dye and antibodies specific for selected tetraspanins as biomarkers of small EVs were developed and optimized for subsequent f-NTA analysis. By comparing measurements of all particles visible under scatter light NTA with measurements of EVs after fluorescent staining, it was demonstrated that fluorescent labeling for specific vesicle markers such as tetraspanins is essential for the identification of "true" EVs isolated from contaminated heterogeneous biological samples and for precise and reliable quantitative and molecular analysis of EVs. The strong influence of contaminants such as lipoproteins on fluorescent staining and subsequent f ‑NTA analysis of EVs was demonstrated. In addition, an important result of the work was a first such comprehensive quantitative and qualitative characterization of BALF-derived EVs from such a large group of NSCLC patients (34 patients) using classical EV characterization methods as well as the novel f-NTA method. Plasma-derived EVs were shown to differ in size, concentration and tetraspanin profile from those present in BALF. Interestingly, contrary to expectations, no differences in size, concentration and phenotype were found between EVs derived from the diseased lung (affected by the cancer lesion) and the healthy lung. Within the study group of 34 patients at this stage of the study, no correlation was found between the measured EV parameters and available clinical data.
In conclusion, fluorescent immunolabeling of EVs for specific vesicle markers in combination with NTA analysis in scatter and fluorescence modes allows precise determination of the concentration, size, distribution and surface phenotype of "true" EVs isolated from heterogeneous biological fluids. An f-NTA analysis of BALF-derived EVs compared to plasma-derived EVs showed that this method is only suitable for relatively pure EV samples isolated from BALF or cell culture filtrate. For plasma- or serum-derived EV preparations with very low levels of EVs relative to contaminating lipoproteins, it is necessary to first remove these contaminants prior to fluorescent staining and f-NTA analysis. Issues related to the optimization and validation of fluorescence-based methods for the analysis of extracellular vesicles for future clinical applications, together with a comprehensive review of the currently available literature on the subject, are presented in Publication No. 2 of the series, as the review part of this dissertation. 
A detailed understanding of the profile of EVs from bronchoalveolar lavage fluid (BALF) on the basis on the f-NTA analysis protocol presented in this work will allow the identification of potential diagnostic and prognostic markers and may contribute to the development of more personalized, more effective cancer therapies.

