Supplemental materials 2: MIFlowCyt-EV of the research study “Automated fluorescence gating and size determination reduce variation in measured concentration of extracellular vesicles by flow”
2 Flow cytometry
2.1 Experimental design
The aim of flow cytometry (A60-Micro, Apogee Flow Systems, Hemel Hempstead, UK) was to compare the concentrations of platelet-derived extracellular vesicles (PEVs, CD61+) in pooled human blood plasma by using the different fluorophores Allophycocyanin (APC), Brilliant Violet-421 (BV421), Fluorescein isothiocyanate (FITC), and Phycoerythrin (PE). We hypothesized that the four different fluorophores APC, BV421, FITC, and PE differ in the measured concentrations of PEVs. Based on the brightness of the fluorophores, which is defined by the extinction coefficient, F/P ratio, and quantum efficiency provided in Table 1 of the manuscript, we expected to find the highest PEV concentrations for PE and BV421, followed by APC and FITC.
	All samples were measured using an autosampler, which facilitates subsequent measurements of samples in a 96-well plate. The study involved one 96-well plate that was measured on one day. The well plate contained an unstained plasma sample in buffer control and the antibody in buffer controls. On the same day, scatter- and flow rate calibrations were performed. Calibrations of the fluorescence detectors APC, BV421, FITC, and PE were performed some days before the experiments.
2.2 Sample dilutions
To find the dilution resulting in the highest count rate without having swarm detection, serial dilutions of pooled human blood plasma have been made (Fig. 1). Samples were diluted 10-fold to 316,500-fold in subsequent steps of . Since the 10-fold to a 100-fold dilution of plasma results in higher values of the median scattering cross-section and median fluorescence compared to the other dilution folds, these dilution folds include swarm detection. Therefore, the 316-fold dilution is considered optimal since it detects the highest concentration of particles without swarm detection.
2.3 EV staining
PEVs in pooled human blood plasma were stained with CD61 antibodies. Prior to staining, antibodies were diluted in DPBS and centrifuged at 18,890 x g for 5 min to remove aggregates. Each sample was labeled with either CD61-APC, CD61-BV421, CD61-FITC, or CD61-PE. Table 1 of the manuscript shows technical details of the labels. To stain, 20 μL of each fold dilution, pooled human blood plasma was incubated with 2.5 μL of antibody and kept in the dark for 2 h at room temperature. The staining reaction reached a dynamic equilibrium and 200 μL DPBS have been added to dilute the concentration of unbound reagents. 
2.4 Buffer-only control
A control measurement with buffer-only is performed on the same day with the same flow cytometer and acquisition settings as all other samples. The count rate was 14.8 counts s-1, which is substantially lower than the count rates obtained for the plasma samples with the fluorophores (2.2∙103 – 2.6∙103 counts s-1).
2.5 Buffer with reagents control
For each reagent, we performed a buffer with reagent control, which was measured with the same flow cytometer and acquisition settings as all other samples. The mean count rates for the buffer with reagents controls were all below 54.4 counts s-1 and were not substantially higher than the buffer-only control. This means that the reagents themselves did not contribute to the total concentration of particles in a sample. To confirm that the reagents did not affect the measured PEV concentrations, we applied the same gates to the reagents in buffer control as to the 316-fold diluted plasma samples. Hence, the contribution of CD61+ events from reagents is negligible. Fig. 1A further confirms that the concentration of CD61+ events from the reagents is negligible when plasma samples are measured at 316-fold dilution.
2.6 Unstained controls
A control measurement with unstained samples (10-fold dilution, this one is also included in the stained plasma samples) is performed with the same flow cytometer and acquisition settings as all other samples. The total particle concentrations in unstained plasma samples and plasma samples stained with either APC, BV421, FITC, or PE were in the same order of magnitude.
2.7 Isotype controls
Isotype controls were performed with the same flow cytometer and acquisition settings as all other samples before measuring the 96-well plate with the plasma samples. The isotype controls with IgG1 conjugated to APC, BV421, FITC, and PE were from the same manufacturer and used in the same concentrations as the stained EV samples. For APC, BV421, FITC, and PE, we obtained 71 events, 531 events, 17 events, and 14 events for the isotype controls, which is low compared to the count of CD61+ events of 794 events, 2,330 events, 537 events, and 1,178 events in the measured plasma samples, respectively. The higher amount of counted events for BV421 in the isotype control is possible due to the inclusion of aggregation.
2.8 Trigger channel and threshold
Based on the buffer-only control (14.8 events s-1), the acquisition software was set up to trigger at 14 arbitrary units of side scattered light (SSC), which is equivalent to a side scattering cross section of 10 nm2 (Rosetta Calibration, v1.11, Exometry, Amsterdam, The Netherlands).
2.9 Flow rate quantification
We used 110 nm FITC beads with a specified concentration (Apogee calibration beads, Apogee Flow Systems, Hemel Hempstead, UK) to calibrate the flow rate. The adjusted flow rate is 3.01 µL/min and the measured flow rate is 2.98 µL/min. To calculate EV concentrations, we assumed a flow rate of 3.01 µL/min for all measurements.
2.10 Fluorescence calibration
Calibration of the fluorescence detectors from arbitrary units (a.u.) to molecules of equivalent soluble fluorochrome (MESF) was accomplished using 2 µm Q-APC beads (2321-175, BD) for APC, BV421 beads (8032601, custom-order, BD) for BV421, Quantum FITC-5 MESF beads (13734, Bangs) for FITC, and SPHERO Easy Calibration Fluorescent Particles (AK01, Spherotech Inc., Irma Lee Circle, IL, USA) for PE.
The 2 µm Q-APC beads did not result in a linear relationship between the measured mean fluorescence intensity (MFI) and the specified MESF, most likely because scattered light is leaking to the APC detector. We quantified the scatter leakage of Q-APC beads to be  4.42∙104 a.u. at the APC detector (Gasecka et al., 2020). Figure S2.1A shows that subtraction of 4.42∙104 a.u. from the measured MFIs does result in a linear relationship between the measured MFI and specified MESF for APC. 							Figure S2.1B, S2.1C and S2.1D show a linear relationship between the measured mean fluorescence intensity (MFI) and specified MESF for BV421, FITC, and PE, respectively. For each measurement, we added fluorescent intensities in MESF to the flow cytometry data files by custom-build software (MATLAB R2018a) using the following equation:
	
	Equation S2


where I is the fluorescence intensity, and a and b are the slope and the intercept of the linear fits in figures S2.1A-D, respectively.
2.11 Light scatter calibration
We used Rosetta Calibration to relate scatter measured by SSC to the diameter of EVs. Figure S2.2 shows the scatter calibrations. We modelled EVs as core-shell particles with a core refractive index of 1.38, a shell refractive index of 1.48, and a shell thickness of 6 nm. For each measurement, we added the SSC scattering cross sections and EV diameters to the flow cytometry datafiles by custom-build software (MATLAB R2018a, MathWorks, USA). The SSC trigger threshold corresponds to a side scattering cross section of 10 nm2.
2.12 MIFlowCyt checklist
The MIFlowCyt checklist is added to Table S2.1.
2.13 EV number concentration
The concentrations reported in the manuscript describe the number of particles that exceeded the SSC threshold, corresponding to a side scattering cross section of 10 nm2, and, if applicable, are positive for the gate set at the fluorescent detector corresponding to the used fluorophore. For all, fluorescent gates are reported in units of MESF.
2.14 Data sharing
Data for the peer-review process is available via: https://figshare.com/s/c5fb24f492661d7319e3
Figures


[image: ]


Figure S2.1. Calibration of the fluorescence detectors from arbitrary units (a.u.) to molecules of equivalent soluble fluorochrome (MESF). Logarithmic MESF versus logarithmic mean fluorescence intensity (MFI) for (A) Allophycocyanin (APC), (B) fluorescein isothiocyanate (FITC), (C) Brilliant Violet-421 (BV421), and (D) phycoerythrin (PE). Data (symbols) are fitted with a linear function (solid red line), resulting in a slope of 1.21 and intercept of -2.02 for APC, a slope of 1.12, and an intercept of -2.27 for BV421, a slope of 1.23, and an intercept of -1.48 for FITC, and a slope of 1.03 and an intercept of -1.61 for PE.
[image: ]Figure S2.2. Side scattering intensity of polystyrene beads (PS; symbols) measured by flow cytometry and calculated (solid line) with Mie theory (Rosetta Calibration). The theory describes the data well (R2=0.997). PS beads are modelled as solid particles with a refractive index (RI) of 1.633. EVs are modelled as particles with a 6 nm thick shell having an RI of 1.48 and a core having an RI of 1.38.
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Table S2.1. MIFlowCyt checklist.
	Requirement
	Please Include Requested Information 

	1.1. Purpose
	To compare four different CD61 antibody markers (APC, BV421, FITC, and PE) for their ability to detect EVs. 

	1.2. Keywords
	Algorithm, detection limit, extracellular vesicles, flow cytometry, fluorophores, immunostaining, inter-operator variability, light scattering, sensitivity, standardization

	1.3. Experiment variables
	Generic marker staining, anti-CD61 antibody clone, and the concentration of Pool Plasma

	1.4. Organization name and address
	Amsterdam University Medical Centers
Location Academic Medical Centre
Meibergdreef 9
1105 AZ Amsterdam
The Netherlands

	1.5. Primary contact name and email address
	Angela Gankema, angela.gankema@ganky.nl

	1.6. Date or time period of experiment
	March-August, 2020

	1.7. Conclusions
	The four antibody markers APC, BV421, FITC, and PE demonstrate similar concentrations of CD61+ EVs in a sample.

	1.8. Quality control measures
	All samples were measured using an autosampler, which facilitates subsequent measurements of samples in a 96-well plate. The well plate contained antibody in buffer controls (section S2.5) and unstained controls (section S2.6). A buffer-only control has been performed on the same day as the experiments (section S2.4). The flow rate was calibrated with Apogee mix (Apogee Flowsystems, Hemel Hempstead, UK; section S2.9). Fluorescence detectors were calibrated (section S2.10) with 2 µm Q-APC beads (2321-175, BD), BV421 beads (8032601, custom-order, BD), Quantum FITC-5 MESF beads (13734, Bangs), and SPHERO Easy Calibration Fluorescent Particles (AK01, Spherotech Inc., Irma Lee Circle, IL, USA). SSC was calibrated with Rosetta Calibration (v1.11, section S2.11).


	1.9 Other relevant experiment information
	

	2.1.1.1. Sample description
	Thawed platelet-depleted pooled human blood plasma (MIFlowCyt 2.1.1.2) from healthy donors (MIFlowCyt 2.1.1.3).

	2.1.1.2. Biological sample source description
	Blood was collected in 2.7 mL 3.2% citrated plastic tubes (no. 363083, from Becton Dickinson, United States) via antecubital vein puncture using a 21-gauge needle, without a tourniquet. Platelet-depleted plasma was prepared by centrifuging (Rotina 380R, Hettich Zentrifugen, Tuttlingen, Germany) these tubes at room temperature (RT), 2,500 x g for 15 minutes without brake. Plasma was collected until at least 10 mm above the buffy coat and the collected plasma was centrifuged using the same settings. Within maximal 30 minutes from blood collection, the resulting platelet-depleted supernatant samples were collected and pooled, and separated into 1.5 mL low-protein binding Eppendorfs (Thermo Fisher Scientific). Aliquots of this pooled human blood plasma (100 µL) were snap-frozen in liquid nitrogen for 15 minutes and stored at – 80 ℃. Aliquots were thawed in a water bath for 1 minute at 37℃ before use and the thawed samples were mixed and vortexed. Dilution series of pooled human blood plasma in Dulbecco’s phosphate-buffered saline (DPBS) have been made (10-fold to 316,500-fold in subsequent steps of ). 

	2.1.1.3. Biological sample source organism description 
	Pooled human blood plasma from twenty (10 male, 10 female) healthy donors who gave informed consent.

	2.2 Sample characteristics
	Platelet depleted plasma is expected to contain EVs, lipoproteins, and proteins.

	2.3. Sample treatment description
	Please see section S2.3.

	2.4. Fluorescence reagent(s) description 
	Please see section S2.3.

	3.1. Instrument manufacturer
	Apogee Flow Systems, Hemel Hempstead, UK

	3.2. Instrument model
	A60-Micro

	3.3. Instrument configuration and settings 
	Samples were analysed for 120 seconds at a flow rate of 3.01 μL/minute using LALS triggering and without limitation. The samples were measured in a 96 well plate on an A60-Micro, equipped with a 405 nm laser (100 mW), 488 nm laser (100 mW), and 638 nm laser (75 mW). The trigger threshold was set at SSC 14 arbitrary units, corresponding to a side scattering cross section of 10 nm2 (Rosetta Calibration).

	4.1. List-mode data files 
	Please see section S2.14.

	4.2. Compensation description 
	No compensation was required because no fluorophore combinations were used that have overlapping emission spectra.

	4.3. Data transformation details 
	Besides the aforementioned calibrations, no data transforms were applied.

	4.4.1. Gate description 
	Gates were set by five independent experts (Fig. 2) and by a mathematical algorithm (MATLAB, R2018a, MathWorks, Natick, MA), as explained in the manuscript. Gates of the APC, BV421, FITC, and PE detectors are reported in units of MESF. Where applicable, gates of the SSC detector were set to include EVs ranging from ~300 nm to 1,000 nm in diameter.

	4.4.2. Gate statistics 
	The number of positive events was corrected for flow rate, measurement time, and dilutions performed during sample preparation.

	4.4.3. Gate boundaries 
	An overview of the gates set by different experts and by the script are thoroughly described in the manuscript.


a.u.: arbitrary units; EVs: extracellular vesicles; FSC: forward scattering; SSC: side scattering.
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