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Introduction

Traditional flow cytometry often falls short in sensitivity and resolution for

extracellular vesicle (EV) analysis.

By converting scatter parameters from arbitrary

to standardized units, researchers can pbetter compare results across different
cytometers, enhancing study interpretation and reproducibility.
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solution for
heterogeneity, and
with a Violet Side Scatter (VSSC) detector capab
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he Cyto X nano flow cytometer paired with FCM,,...™ software offers a

the analysis of EVs, which are difficult to analyze due to their small size,

ow abundance. The CytoFLEX nano flow cytometer is equipped
e of detecting particles as small as
O nm NIST (National Institute of Standards and Technology) polystyrene reference
articles, and up to 1000 nm NIST polystyrene using the VSSCT and VSSC2

nannels, respectively. This advanced detection capability is crucial for accurately
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workflow using the CytoFLEX nano flow cytometer and

nalyzing small particles like EVs. To facilitate cross-platform comparisons, scatter

ata Is calibrated to nanometers using Mie-modeling software. Here we show a
—-CMPASS software to

achieve |t

Materials

« CytoFLEX nano flow cytometer (Beckman Coulter PN: C80351)

o (Cyt

—xpert nano software (Version 1.2.0.34 and later)

« FCM,,.." software (Version 5.0.7 and later)

« CytoFLEX nano QC Scatterspheres (Beckman Coulter PN: C85323)
e (CytoFLEX nano QC Fluorospheres (Beckman Coulter PN: C85324)
¢« CytoFLEX nano Multi-intensity Fluorospheres (Beckman Coulter PN: C92889)

 nanoVIS Nanoscale Sizing Standards (Beckman Coulter PN: D0O3231)

 Ultrapure or HPLC-grade water (Thermo

—isher PN W8-T)

« PBS (Cellarcus PN: CBS4B-100 ml)

« 20 nm filter (Cyt
o 12%X/5 mm
*  Sigma
« vCal™ nanoCal™ antibody capture beads (Cellarcus PN: CBS11PS-B520-5T)

iva PN: 6809-2002)
Borosilicate Glass Tubes (VWR PN: 4/729-570)
—luorescent (Sigma PN: SAEO193)

- xosome Standards,

Workflow

|_

ere we show a workflow where VSSC data Is converted from arbitrary units into
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1. CytExpert nano: Data Acquisition with

NIST-traceable reference particles

7 Standardizing extracellular vesicle analysis with CytoFLEX nano flow cytometer and FCM

™
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Perform Daily QC to
ensure fluidics and

optical alignment are
ready for EV analysis
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Figure 2: Example of the CytoFLEX nano
Acquisition Settings Window with settings
from QC.
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Figure 3: Setting the threshold. Example of a
threshold set at limit of detection using a clean
20 nm-filtered water sample when reagent and
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system are clean (left) and with contaminated water

sample (right).

2. FCM,,..: Approximating the Half-angle from VSSC2
data NIST-traceable reference particles obtained in

Step 1

Reagent
Preparation

Dispense the nanoViS Low
and High Sizing Standards
into two separate tubes.
These standards are ready-
fto-use.

Data
Acquisition

Figure 4: Representative figures for nanoViS Low
and High Sizing Standards (left to right) beads
signal on VSSC2 to be used for approximating
half-angle through VSSC2. Each is gated on its
respective singlet population.

Launch FCMg e
and register using
the provided
icense

S

cytometer and FCM,, .. sof

ready-to-use,

S

N IS T-traceab

tandardized units (nanometers) for parti
tware. Standardizing this data into nanometers using a

cle analysis, using the Cyto

| EX nano flow

e size standard mixture, the nanoViS Nanoscale Sizing

tandards, significantly enhances the value and comparability of small particle

research data.

Fig

Data acquisition in Input data into FCM_, . Data acquisition from Import calibrated
CytoFLEX nano using to approximate the samples and reference fcs files

MIST-traceable
reference particles

half-angle using VS5C2
reference particle data

particles using
CytExpert nano,
triggered on the
VS5C1 channel

ure 1: Steps for calibration

For Research Use Only. Not for use in diagnostic procedures.
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Figure 5: FCMpass Catalogue with key instrument entries.

software

3. CytExpert nano: Data Acquisition of EV samples
and Reference Particle triggering on VSSC1 channel

Upload data, Fluorescence
Calibration, Scatter Calibra
and Particle Modeling

Datasets 1 mport 2. Fluorescence Calibration
E] Fluorescence Calibration Parameters
Selection I am

Datasets 1. File Import 2. Fluorescence Calibration 3. Scatter Calibration 4. Perform Cal
[+](=) Side Scatter Calibration
Selection Scatter Parameter Scatter Wavelength (nm)  |Scatter Threshold | Bead Set

Figure 7: Entering in B531 MFI values

for antibody capture beads and VSSCT
median scatter intensity for 80nm peak in
nanoViS Nanoscale Sizing Standards for
calibration of EV data.
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Figure 9: Example of FCMpass Scatter
Calibration Plots.

Figure 8: Manual Entry of Half-Angle in
Advanced Settings.

4. Importing the calibrated CytoFLEX nano .fcs files.

The calibrated CytoFLEX
nano .fcs files, marked
with the FCM,,.c SU X,
can be imported into

an existing or new
experiment.

Results
o

Set the plot settings for the new
standardized parameters to linear
and adjust the minimum and
Maximum axis values to properly
display the sample data.

Create a histogram or bivariate
olot, then right-click on the x-axis
oarameter label to access new
channel parameters for default
and custom Core-shell and Solid
Spheres RI, as well as CytoFLEX
Nnano’s Scattering Cross-Sections
(Scattering CS).
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NanoViS Low (nm, Median polystyrene diameter) Total GFP + Population |Total GFP + Population
Peak 1 Peak 2 Peak 3 Peak 4 (rEV CS diameter nm) |(Median B520 Ab Capture Sites)
CytoFLEX nano #1 |44.2 79.9 10.8 144.7 CytoFLEX nano #1 Average 1156 2650
CytoFLEX nano #2 |44.0 79.9 110.4 143.5 CytoFLEX nano #2 Average |115.7 276.8
CytoFLEX nano #3 |45 79.9 110.7 1441 CytoFLEX nano #3 Average |114.9 262.5
Total Average 115.4 268.1
Total St. Dev. 0.9 VA
Total Variability (% CV) 0.7% 2.7%

Figure 10: During the FCM;pass process, the VSSCI1 channel is adjusted so that sample data is expressed in standardized units measured in nanometers. This adjustment also creates a new parameter specific to the
calibrated VSSCI1 channel. A) Representative dot plots of Sigma Exosome standards run with 4 replicates on three CytoFLEX nano instruments at QC gains settings and 3 uL/min sample flow rate. B) Table depicts
the size on the four peaks of nanoViS beads. C) The standardized units for rEV (Core RIl: 1.42, Shell Thickness: 5 nm) were calibrated using FCMepass and Beckman Coulter LS NIST-traceable nanoViS Nanoscale Sizing
Standards. The average median size determined by three CytoFLEX nano measurements was 115.4 £ 0.9 nm. Prestained vCAL™ nanoCAL™ antibody capture beads were used to calibrate the B531 channel.

Summary

The VSSCI1 channel detects particles ranging from 40-150 nm, while VSSC2 covers 80-1000

NnM and assists in calibra
the 80-1000 nm range f

(iNg VSSCI for improved accuracy. To achieve this, collect data within
rom both channels, and record the median and coefficient of variation

(CV) values. Utlilize the H

alf-Angle Approximation for calibration, ensuring that the fit confidence

exceeds 90%. Validate the calibration by comparing bead sizes against expected values. By
following this workflow, the average diameter determined across three CytoFLEX nano flow
cytometer for a commercially available exosome standard was found to be 1154 + 0.9 nm, a
Measurement corroborated by published data from other laboratories.
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