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MIFlowCyt-EV of study “Traceable refractive index 

measurements of liquids to standardize 

extracellular vesicle flow cytometry” 

This document aims to provide the minimum information required to reproduce the flow cytometry 

experiments on extracellular vesicles (EVs) performed in the study “Traceable refractive index 

measurements of liquids to standardize extracellular vesicle flow cytometry”. This document is based 

on a published standardization framework [1-3]. 
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1 Experiment overview 

1.1 Contact details 

1.1.1 Experiment leader 

Name of organization VSL 

Address Thijsseweg 11 

2629 JA Delft 

The Netherlands 

Primary contact name Martine Kuiper 

Primary contact e-mail address mkuiper@vsl.nl 

1.1.2 Flow cytometry execution 

Name of organization Amsterdam University Medical Centers 

Address Meibergdreef 9 

PO Box 22660 

1100 DD 

Amsterdam 

The Netherlands 

Contact name M. Engelaer 

Contact e-mail address m.engelaer@amsterdamumc.nl 

1.2 Purpose 

The aim of the flow cytometry experiments is to validate the flow cytometry model used in 

“Traceable refractive index measurements of liquids to standardize extracellular vesicle flow 

cytometry” with experimental data from EV measurements. 

1.3 Keywords 

calibration, concentration, extracellular vesicles, flow cytometry, measurement uncertainty, metrology, 

reference values, refractive index, standardization  

1.4 Experiment variables 

The experimental variable is the concentration of EVs when the refractive index of the suspension 

medium is varied.  

1.5 Experiment design and quality controls 

All samples were measured using an autosampler, which facilitates subsequent measurements of 

samples in a 96-well plate. The entire study involved one 96-well plate that was measured on one day. 
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The well plate contained a buffer-only control. Flow rate and light scattering calibrations were 

performed daily. 

1.6 Dates 

Samples were collected on the 15th of February 2024 at the Amsterdam UMC, location AMC. Flow 

cytometry experiments were performed on the 21st of February 2024 by Mendel Engelaer at the 

Amsterdam UMC. 

1.7 Conclusions 

The RI of the suspension liquid medium affects the EV concentration measured depending on the 

lower limit of detection.  

2 Sample details 

2.1 Sample description 

2.1.1 Sample source description 

Healthy human volunteers.  

2.1.2 Sample description 

Urine is expected to contain EVs, salts and proteins. 

2.2 Sample collection 

Urine was collected from 3 male volunteers in tubes with a volume of 120 mL (Becton Dickinson, 

Franklin Lakes, NJ). The urine was collected midstream.  

2.3 Sample storage 

The urine was pooled in 50 mL tubes (Greiner Bio-One, Alphen aan den Rijn, Netherlands), and 

prepared by double centrifugation using a Rotina 46 S centrifuge (Hettich Benelux BV, Geldermalsen, 

Netherlands). The centrifugation parameters for the first time were: 180 g, 10 minutes, 4˚C, 

acceleration speed 9, brake 1. The centrifugation parameters for the second time were: 2,500 g, 15 

minutes, 4˚C, acceleration speed 9, brake 1. Supernatant was collected both times 10 mm above the 

pellet. After the second centrifugation step, for each aliquot, 1 mL of the sample was transferred to 1.5 

mL tubes (Sarstedt, Breda, Netherlands). The resulting urine aliquots were snap-frozen with liquid 

nitrogen for 15 minutes and stored at -80˚C. 

2.4 Sample characteristics 

Frozen human urine samples are expected to contain the following particles: EVs, proteins, and salts. 

2.5 Sample dilution 

The pooled urine was diluted 100-fold using DPBS.  

2.6 Sample staining 

No staining.  



Page 4 of 8 

 

 

2.7 Fluorescence reagents 

No reagents. 

3 Flow cytometer 

3.1 Model and manufacturer 

Northern Lights, Cytek Biosciences, Fremont, CA, USA. Although all components are original, the 

flow cytometer has been altered upon our request. The forward scatter detector is equipped with 

confocal detection and an avalanche photodiode. 

3.2 Configuration and settings 

3.2.1 Flow rate and acquisition time 

The flow cytometer is equipped with a flow rate sensor that measures the aspired sample volume. 

Samples were analysed for 120 s at an adjusted flow rate of 30 μL/min. 

3.2.2 Light sources 

The flow cytometer has three lasers that illuminate a fixed-alignment cuvette flow cell. The adjusted 

powers were 100 mW, 50 mW and 80 mW for the 405-nm laser, 488-nm laser, and 640-nm laser, 

respectively. 

3.2.3 Detectors 

Table 1 shows an overview of the detectors used in this study. 

Detector name Detected property Gain Spectral filter bandwidth (nm) 

SSC Side scattered light 2000  

FSC  Forward scattered light 2000  

Table 1. Detector name, detected property, voltage and spectral filter bandwidth of the detectors used in this 

study. APC: allophycocyanin; FITC: fluorescein isothiocynate. 

3.2.4 Trigger detector and threshold 

The side scattering detector, operating at a wavelength of 405 nm and named SSC, was used as a 

trigger detector. The trigger threshold was set at five standard deviations above the mean background 

noise of the side scattering detector by fitting a normal distribution to the histogram of the background 

noise. The background noise was measured by running MilliQ water while triggering on the edge of 

the background noise of a fluorescent detector. 

 The channel number of the trigger threshold was 1500 arbitrary units (a.u.), which 

corresponds to an effective side scattering cross section of 3 nm2 and an optical diameter of 94 nm for 

extracellular vesicles (section 5.3.3.1)1. 

 
1 Extracellular vesicles are modelled as core-shell particles with a core refractive index of 1.35, a shell refractive 

index of 1.48, and a shell thickness of 6 nm. 
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4  Assay controls 

Assay controls recommended by the MIFlowCyt-EV framework were performed to confirm that 

signals originate from EVs. Fluorescence-minus-one and single-stained controls were not performed 

due to no fluorescent labelling. Procedural controls were not performed because no methods to isolate 

EVs were applied after staining. Serial dilution control were performed on the Northern Lights for six 

representative plasma samples and results were previously published [2]. Section 2.5 explains how 

swarm detection was prevented. 

4.1 Buffer-only controls 

Each 96-well plate contained at least 1 well with DPBS, which was measured with the same flow 

cytometer and acquisition settings as all other samples. The median count rate for all DPBS 

measurements was 2814 events s-1, which is lower than the target count rate 837461 events s-1 for 

events in urine samples. 

4.2 Buffer with reagents controls 

There was no buffer with reagent control due to the lack of fluorescent labelling.  

4.3 Unstained controls 

Unstained controls were not considered in this analysis. 

4.4 Isotype controls 

Isotype controls were not considered in this analysis since there was no marker used in the analysis.  

4.5 Detergent treatment controls 

Detergent controls were not considered in this analysis.  

5 Data analyses 

To automatically determine optimal samples dilutions, apply calibrations, determine and apply gates, 

generate reports with scatter plots and generate data summaries, we developed and applied custom-

build software (MATLAB R2020b, Mathworks, USA). 

5.1 Data sharing 

Data are available via: 10.5281/zenodo.17153347. 

5.2 Compensation details 

No compensation was applied. 

5.3 Calibrations 

5.3.1 Flow rate 

At the start of each measurement day, we applied the automated quality control system Spectroflo® 

QC beads (#87-10001, Cytek), which checks whether the flow rate is within limits defined by the 
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manufacturer. For all days, the flow cytometer passed this quality control check. The flow rate during 

measurements was obtained from the flow rate sensor, which has an estimated uncertainty of 2 %. 

5.3.2 Fluorescence calibration 

The fluorescence calibration was not relevant for the measurements, as the sample was not 

fluorescently labelled.  

5.3.3 Light scattering calibration 

5.3.3.1 Rosetta Calibration 

Rosetta Calibration (v2.07, Exometry, The Netherlands) was used to relate the side scattering 

intensities measured at a wavelength of 405 nm to the effective scattering cross sections2 and optical 

diameter3 of EVs. EVs are modelled as core-shell particles with a core refractive index of 1.35, a shell 

refractive index of 1.48, and a shell thickness of 6 nm. The refractive index of the medium was varied 

four times during the analysis. The analysis was performed with refractive indices: 1.343266 

(traceably measured water), 1.34509 (Rosetta DPBS), 1.344599 (DPBS) and 1.344772 (100-fold 

diluted plasma).    

A

 

B

 

C

 

D

 
 

Figure 1A-D shows a print screen of the light scatter calibrations.  

 
2 The effective scattering cross section is a hypothetical area of a particle that incoming light must impinge in 

order to be scattered towards the lens. The calibrated effective scattering cross section axis is independent of 

refractive index assumptions, but depends on the illumination wavelength and collection angles of the flow 

cytometer. 
3 The optical diameter equals the physical diameter of a particle when (1) the particle is spherical and (2) the 

particle has the same refractive index distribution as assumed in the model. 
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Figure 1. Side scattering calibration of the Cytek Northern Lights by Rosetta Calibration. To relate scatter to 

the diameter of EVs, EVs are modelled as core-shell particles with a core refractive index (RI) of 1.35, a shell 

refractive index of 1.48, and a shell thickness of 6 nm. Suspension media RI were A) Rosetta DPBS, B) traceably 

measured water, C) 100-fold diluted plasma and D) traceably measured DPBS.  

 

5.4 Gate description and boundaries 

The following gates has been applied to all flow cytometry data files by custom-build software 

(MATLAB R2010b): 

1. During the second that an event was measured, the count rate was within 3 standard deviations 

from the median count rate of the entire measurement, and… 

2. the optical diameter is <1,000 nm, and > 80 nm.  
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