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MIFlowCyt-EV of study “Oncofetal chondroitin sulfate 

allows identification of tumor-derived extracellular 

vesicles” 

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

experiments on tumor-derived extracellular vesicles (tdEVs) performed in the study “Oncofetal 

chondroitin sulfate allows identification of tumor-derived extracellular vesicles”. This document is 

based on a published standardization framework [1]. 
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1 Experiment overview 

1.1 Contact details 

1.1.1 Experiment leader 

Name of organization Leiden University Medical Center, Amsterdam University 

Medical Center and University of Copenhagen 

Address Einthovenweg 20  

P.O.Box 9600 

2300 RC  

Leiden 

The Netherlands 

Primary contact name Agustin Enciso-Martinez 

Primary contact e-mail address a.enciso_martinez@lumc.nl 

1.1.2 Flow cytometry execution 

Name of organization Amsterdam University Medical Center 

Address Meibergdreef 9 

P.O.Box 22660 

1100 DD 

Amsterdam 

The Netherlands 

Contact name  Agustin Enciso-Martinez 

Contact e-mail address  a.enciso_martinez@lumc.nl 

1.2 Purpose 

The goal of these flow cytometry experiments is to investigate the presence of oncofetal Chondroitin 

Sulfate (ofCS) on tumor-derived extracellular vesicles (tdEVs) of lung cancer cell line A549 and 

pancreatic cancer cell line PANC-1, and in plasma samples from pancreatic ductal adenocarcinoma 

(PDAC) patients. OfCS can be targeted by the recombinant malaria protein VAR2CSA (rVAR2) and is 

hypothesized to be present on the surface of tdEVs. 

1.3 Keywords 

A549, tdEVs, PDAC, PANC-1, rVAR2, flow cytometry, human blood plasma 

1.4 Experiment variables 

In this study, ofCS on EVs was studied across multiple sample types using rVAR2. We first examined 

A549-derived EVs, both alone and spiked into plasma, as well as PANC-1-derived EVs. Additionally, 

we investigated the presence of ofCS+ EVs in PDAC patient plasma samples.  

1.5 Experiment design and quality controls 

All samples were measured manually and each measurement was monitored.  The entire study involved 

eight measurement days with 9 to 30 measurements per day, dependent on factors as the sample type 
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and establishment of the dilution factor. Each day a buffer only control was included. Flow rate, 

fluorescence, and light scattering calibrations were performed daily. 

1.6 Dates 

EVs derived from cancer cell lines, including the EVs that were used for spiking plasma, were collected 

between 1-11-2023 and 30-12-2023 at the Leiden University Medical Center. Flow cytometry 

experiments were performed between 1-12-2023 and 30-12-2023 at the Amsterdam University Medical 

Center.   

 

PDAC samples were collected between 29-01-2014 and 28-01-2016 at the Amsterdam University 

Medical Center. Healthy donor samples were collected in July 2023 at the Leiden University Medical 

Center. Flow cytometry experiments were performed between 1-12-2023 and 28-02-2024 at the 

Amsterdam University Medical Center.  

1.7 Conclusions 

Flow cytometry shows the presence of ofCS on tdEVs from cancer cell lines A549 and PANC-1. 

Moreover, rVAR2-labelled tdEVs spiked in plasma can be detected using flow cytometry. An increased 

expression of ofCS+ EVs was detected in the plasma of PDAC patients compared to healthy donors.  

2 Sample description 

2.1.1 Sample source description 

A549 lung adenocarcinoma cancer cells (RRID:CVCL_0023), PANC-1 cancer cells 

(RRID:CVCL_0480), patients with stage III and IV PDAC and healthy donors. Tables M1 and M2 

contains an overview of the donor characteristics. 

 

Table M1. Pancreatic Ductal Adenocarcinoma (PDAC) patient characteristics 

Patient 

code 

Age Sex Disease stage Metastasis 

1 67 
Male 

IV 
Distant 

metastasis 
Liver 

2 74 
Male 

IV 
Distant 

metastasis 
Liver 

3 67 
Male 

III 
Locally 

advanced 
 

4 69 
Male 

IV 
Distant 

metastasis 
Lung 

5 54 Male III Locally 

advanced 

 

Table M2. Healthy donor characteristics 

Characteristic Cohort 1 

(n=4) 
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Anticoagulant EDTA 

Age  

Mean 45.5 

Median 48 

Range 30-56 

Gender (M/F) 
2 Female / 2 

Male 

 

 

2.1.2 Sample description 

TdEVs from cancer cell line PANC-1 and cancer cell line A549, A549-derived EVs spiked into plasma 

collected from healthy donors, and, plasma samples of both PDAC patients and healthy donors.  

2.2 Sample collection 

A549 lung adenocarcinoma and PANC-1 pancreatic cancer cells 

A549 lung adenocarcinoma and PANC-1 pancreatic cancer cells were cultured in Dulbecco’s Modified 

Eagle Medium (DMEM, Gibco, 41966), supplemented with 10% (v/v) fetal bovine serum (FBS) and 

0.2% penicillin-streptomycin, at 37°C and 5% CO2. The initial cell density was within the range 

recommended by ATCC and medium was refreshed twice per week.  

 

At 70% confluence, cells were washed three times with 1x phosphate-buffered solution (PBS) and 

cultured in DMEM supplemented with 0.2% pen/strep, and either depleted of FBS (A549 cells), or 

supplemented with 10% filtered FBS (PANC-1) that was filtered using Amicon®Ultra-15 (cut-off: 100 

kDa). After 48 hours of incubation at 37°C and 5% CO2, conditioned medium was collected in 50 mL 

tubes (Cellstar® Greiner, 227261). To remove detached cells and cell debris, the conditioned medium 

was first centrifuged at 300 x g for 5 minutes at 4°C. Next, the supernatant was collected and centrifuged 

at 2000 x g for 15 minutes at 4°C.  

 

Plasma from healthy donors and PDAC samples  

Peripheral blood samples of both healthy donors and patients were collected using 

Ethylenediaminetetraacetic acid (EDTA) tubes (Vacutainer®, Becton Dickinson, USA).  

2.3   Sample storage 

A549 lung adenocarcinoma and PANC-1 pancreatic cancer cells 

To increase the concentration of EVs in the conditioned medium, ultrafiltration was performed using 

tangential flow filtration cartridges (TFF-Easy filtration cartridge, HansaBioMed, HBM-TFF/1). EVs 

were concentrated either manually using syringes or by a peristaltic pump (Masterflex) at a flow rate of 

20 mL/min and tubing size 13 (Masterflex). Next, the EV-containing medium buffer was exchanged to 

Dulbecco's Phosphate Buffered Saline (DPBS, Corning® Dulbecco’s Phosphate-Buffered Saline, #21-

031-CV) with 3% filtered FBS (filtered using Amicon®Ultra-15, cut-off: 100 kDa, Cat. No.: UFC9100) 

until a final volume of 1-3 mL was reached. Samples were then distributed in aliquots, snap frozen in 

liquid N2 and stored at −80°C until use. 
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Plasma from healthy donors and PDAC samples  

Whole blood from healthy donors was centrifuged twice at 2500 x g for 15 min at 20°C. Plasma was 

pooled and filtered using an 800 nm filter (IsoporeTM, ATTP02500, Merck Milipore, Germany). 

Similar to healthy plasma, biobank patient plasma was previously prepared with a double centrifugation 

protocol at 1550 x g for 20 min at 20°C. All samples were centrifuged without break, and the plasma 

fractions were carefully collected from approximately 10 mm above the buffy coat or cell pellet. Plasma 

samples were distributed in aliquots with a volume of <500 μL, snap frozen in liquid N2 and stored at 

-80 °C until use. 

2.4 Sample characteristics 

A549 lung adenocarcinoma and PANC-1 pancreatic cancer cells 

Conditioned medium is expected to contain EVs, proteins and complexes of the aforementioned 

particle.  

 

Plasma from healthy donors and PDAC samples 

Human plasma samples from healthy donors  are expected to contain the following particles: EVs, 

lipoproteins, precipitated salt crystals, proteins, and complexes of the aforementioned particles. In 

contrast to plasma samples from healthy donors, human plasma samples from PDAC patients were not 

filtered using an 800 nm filter due to the limited sample volume. Besides the above mentioned particles 

in plasma from healthy donors, PDAC plasma is also expected to contain platelets and erythrocyte 

ghosts. However, these particles were excluded during analysis.  

 

2.5 Sample dilution 

All samples were labelled undiluted. Prior to the measurement, samples were diluted in dPBS, followed 

by an extra dilution factor of 11.25-fold in dPBS.  Dilution factors ensured a count rate below 30,000 

counts/s with the trigger set on the side scattering (SSC) detector to prevent swarm detection. 

2.6 Sample staining 

Protein production and fluorophore labelling of rVAR2 

The recombinant truncated rVAR2CSA protein (rVAR2) consisting of the DBL1-ID2a domains, C-

terminal 6x-histidine and V5-tags as well as an N-terminal SpyTag was expressed in Shuffle T7 Express 

Competent E. coli (NEB). The protein was purified using two chromatography steps, first an affinity 

step on HisTrap HP (Cytiva) and subsequently a cation exchange step on HiTrap SP HP (Cytiva) was 

performed as previously described. [2]   

 

A SpyCatcher protein with a C-terminal 6x-histidine tag was produced in E.coli BL21 DE3 (NEB, 

C2527H) and purified using two chromatography steps, first an affinity step on HisTrap HP (Cytiva) 

and subsequently an anion exchange step on HiTrap Q HP (Cytiva). The purified SpyCatcher protein 

was labelled with fluorophore using the Alexa Fluor 647 NHS Ester dye kit (Invitrogen, A20006) 

according to protocol of the manufacturer.  

 

The rVAR2 protein and the SpyCatcher-Alexa 647 were mixed at 1:1.2 molar ratio and incubated for 1 

hour at room temperature (RT) protected from light generating rVAR2-AF647. This conjugation 

utilizes the SpyTag-SpyCatcher technology [3] and ensures that all rVAR2 has an Alexa647 conjugated 

SpyCatcher.  

Page 72 of 109Journal of Extracellular Vesicles

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Review Only

Page 6 of 14 

 

 

Chondroitinase ABC (chABC, Uniprot P59807, RRID:SCR_002380) was used to digest ofCS in 

negative control samples. This enzyme with a C-terminal 6x-histidine tag was expressed in E. coli 

Shuffle T7 Express cells (NEB, C3029J). chABC was purified using two chromatography steps, first 

an affinity step on HisTrap HP (Cytiva) and subsequently size exclusion using a HiPrep 16/60 Sephacryl 

S-300 HR column (Cytiva). 

 

Labeling Reagents (rVAR2-AF647 and anti-CD81-PE/-AF488) were centrifuged at 19000 x g for 5 

minutes to eliminate protein aggregates. After centrifugation, the supernatants were carefully collected, 

leaving 10-15 μL of reagents in the tube. Next, rVAR2-AF647 was added to the samples at a final 

concentration of 800 nM, followed by the addition NaCl at a final concentration of 150 mM. Anti-

CD81-PE/-AF488 (Clone M38, Invitrogen, Cat. No.: A15781, RRID:AB_2534560 (PE), MA5-44132, 

RRID:AB_2913064 (AF488)) was added to the samples at a final concentration of 2 μg/mL to facilitate 

the visualization of EVs during fluorescence microscopy (FM). Samples were incubated for 2 hours in 

the dark at RT. Thereafter, the samples were kept on ice in the dark until use.  

 

To confirm tdEV detection in plasma, A549-derived EVs were spiked directly into plasma collected 

from healthy donors and thereafter labelled with both rVAR2-AF647 and anti-CD81-PE antibody, as 

previously described. 

 

Samples were labelled directly in suspension, followed by size exclusion chromatography (SEC) to 

isolate EV-rich fractions and remove unbound reagents. The Izon fraction collector was used with 35-

nm SEC columns (qEVoriginal Gen 2, Izon Science, New Zealand). A maximum of 500 μL of labelled 

sample was loaded to the column, followed by dPBS as a flushing buffer. After a flowthrough of 2.9 

mL, 400 μL EV fractions were collected and the second fraction containing the highest concentration 

of EVs was analyzed, unless otherwise specified. The fractions were then stored at 4°C in the dark. An 

overview of sample processing and analysis is shown in Figure 1.   

 

Figure M1. Overview of sample processing and analysis 

 

 

 

 

2.7 Fluorescence reagents 

Table M3. Overview of staining reagents. Characteristics being measured, analyte, analyte detector, reporter, 

isotype, clone, concentration during staining, manufacturer, catalog number and RRID of used staining reagents. 

AF647: Alexa Fluor 647. 
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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, which was not used in 

this experiment, 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. EV 

samples from cancer cell lines were analysed for 120 s at a flow rate of 15 μL/min. Plasma samples 

were measured for 360 s at the same flow rate.  

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, 488-nm, and 640-nm laser, respectively. 

3.2.3 Detectors 

Table M4 shows an overview of the detectors used in this study. 

Table M4. Detector name, detected property, voltage and spectral filter bandwidth of the detectors used in this 

study. AF647: Alexa Fluor 647. 

3.2.4 Trigger detector and threshold 

The R2-fluorescence detector, operating at a wavelength of 640 nm was used as a trigger detector. 

Unstained EV samples were measured with the trigger set on the SSC detector using a threshold of 1500 

arbitrary units (a.u.), corresponding to a side scattering cross section of ~2 nm2 . The R2-fluorescence 

threshold was then set to 1000 a.u. (~165 MESF), corresponding to the upper R2-fluorescence boundary 

of unstained EV samples and healthy plasma.  

  

4  Assay controls 

We relied on immunofluorescent staining and calibrated signal intensities to confirm that signals 

originate from tdEVs.  

Characteristic 

measured 

Analyte Analyte 

detector 

Reporter Isotype Clone Concentration Manufacturer Catalog 

number 

RRID 

 

Oncofetal 

Chondroitin Sulfate 
(Glycosaminoglycan

) 

 

ofCS 

 

rVAR2 

 

SpyC-

AF647 

 

NA 

 

NA 

 

800 nM 
 

Custom-made, 

see ‘Sample 

staining’ 

 

 

NA 

 

NA 

Detector name Detected property Voltage (V) Spectral filter bandwidth (nm) 

SSC Side scattered light 2000  

R2  AF647 fluorescence 2500 697/18 
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4.1 Unstained controls 

Unstained EV samples were measured to determine the R2-fluorescence boundary as described at 

section ‘3.2.4 Trigger detection and threshold’. To assess the stability of the background noise of R2-

fluorescence, an unstained sample was measured each time alongside the labelled samples.  

4.2 Chondroitinase controls (chABC controls) 

Prior to labeling, the EV samples were treated with 50 μg/mL chABC or vehicle control (DPBS) for 

one hour at RT. 

4.3 NP40 (Cell line-derived EVs) 

TdEVs from cell lines were treated with 1% NP40 (Nonidet P-40). As EVs have a phospholipid 

membrane that is sensitive to detergent, NP40 can (partially) lyse EVs and cause a reduction in 

fluorescence intensity [4]. 

5 Data analyses 

To apply calibrations, 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 

All relevant data are included in the manuscript and Supporting Information. Flow cytometry scatter 

plots are provided in this section. Additional data are available upon request.  
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Figure M2. Flow cytometry scatter plots showing fluorescence intensity versus particle size for rVAR2-AF647 

stained samples. Corresponding controls are included for comparison. 
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Figure M3. Flow cytometry scatter plots showing fluorescence intensity versus particle size for rVAR2-AF647 

stained samples. Corresponding controls are included for comparison. 
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5.2 Compensation details 

No compensation was applied because no fluorophore combinations were used that have overlapping 

emission spectra. 

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 

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 

Calibration of the fluorescence detectors from arbitrary units (a.u.) to molecules of equivalent soluble 

fluorochrome (MESF) was accomplished using Quantum Alexa Fluor-647 MESF beads (cat 647A, lot 

16510, Bangs Laboratories, Inc). Error! Reference source not found.A shows the 10-base logarithm o

f the MESF intensities for the MESF beads versus the 10-base logarithm of the measured median 

fluorescence intensity of each bead population. The data are fitted with a linear function. These 

fluorescence calibrations were used to assign MESF values for AF647 to rainbow beads (SPHEROTM 

Rainbow calibration particles, 8 peaks, 3.0-3.4 µm, lot EAP01, Spherotech). In turn, the rainbow beads, 

which are hard dyed beads with long-term stability, were used to apply fluorescence calibrations on a 

daily basis. Error! Reference source not found.B and show the 10-base logarithm of the assigned M

ESF intensities for rainbow beads versus the 10-base logarithm of the measured median fluorescence 

intensity of each bead population. The data are fitted with a linear function. For each measured sample, 

we added fluorescent intensities in MESF units to the flow cytometry data files using the following 

equation: 

I(MESF) = 10𝑎∙log10 I(a.u.)+𝑏 Equation 1 

where I is the fluorescence intensity, and a and b are the slope and the intercept of the linear fits in 

Error! Reference source not found.. 
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A       B 

Figure M4. Calibration of the fluorescence detectors from arbitrary units (a.u.) to molecules of equivalent soluble 

fluorochrome (MESF). (A) Logarithmic MESF versus logarithmic median fluorescence intensity for Alexa Fluor 

647 (AF647). (B) Furthermore, the 10-base logarithm of the assigned MESF intensities for rainbow beads versus 

10-base logarithm of the measured median fluorescence intensity of each bead population are shown for AF647. 

Data (symbols) are fitted with a linear function (line). 

5.3.3 Light scattering calibration 

5.3.3.1 Rosetta Calibration 

Rosetta Calibration (v2.05, Exometry, The Netherlands) was used to relate the side scattering 

intensities measured at a wavelength of 405 nm to the effective scattering cross sections1 and 

optical diameter2 of EVs. EVs are modelled 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. Error! Reference source n

ot found. shows a print screen of the light scatter calibration. 

 
1 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 [5]. 
2 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 M5. 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 of 1.38, a shell refractive 

index of 1.48, and a shell thickness of 6 nm. 

5.4 Gate description and boundaries 

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

(MATLAB R2020b): 

1. EVs were selected by diameter >0 nm and diameter <1000 nm.  

2. All EVs detected above the R2 fluorescence threshold (~165 MESF) were included in analysis.   
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