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Key Reference Abbreviation

In this document “GUIDELINES” is used for

Cossarizza, Andrea, et al. "Guidelines for the use of flow
cytometry and cell sorting in immunological studies." European
journal of immunology 49.10 (2019): 1457-1973

The GUIDELINES contain contributions from 337 experienced
scientists from more than a hundred institutes worldwide,
describing their recommendations for the optimal use of flow
cytometry.

References with a DOl number can be located with an Internet
search.



Why Cell Subset Analysis at the Single

Cell Level
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Why Single Cell Analysis

Infensiy Histogram for Sngle Particles ~ Intensiy per Sample
1000
o n |I|| sty Number of IIs =
: ==
N 0 e e
Lo =
u ==
b —
® w0 =_f; 5
] = -
=] =
w| |] |
VA
':' ” T:tengi'; mo Skl Skl Source: http://www.nanostring.com

Single cell analysis reveals heterogeneity, which is masked by averaging,
when analyzing groups of cells.
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Technologies for single cell analysis

* Microscopy and Digital Imaging
* Super-resolution
« High parameter cyclical fluorescence
* [n-vivo
 Single cells In separate defined locations
* Wells of multi-well plates
* Aqueous droplets in oll
* Flow cytometry
* Optical property detection incl. in-vivo
* Mass label detection (CyTOF)
* Other parameters



Information from single cell analysis

* Cell-concentration * Subset fractions
* Cell size * Cell shape

* Cell arrangement in clusters

* Mass of multiple cellular components per cell
* Distribution of component mass in subsets

* Temporal change of the above parameters

* (Gene expression (NGS)

Non direct cell applications

* Highly multiplexed bead-based immunoassays
* Single molecule counting



Flow Cytometer
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GUIDELINES Flow cytometers, pages 1478ff
Dichroic filters vs. Multispectral cytometry: Feher K et al.(2016) Cytometry 89A: 681-9



Basic Data Processing

\oltage pulses from detectors

Listmode data after
pulse processing and A/D
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Instrument Evaluation Br, Qr

Qr is a systems efficiency for photon detection

Br is a measure of the photon
background in the detector

_, Scatter from the flow
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https://pbs.twimg.con/media/
EWHoc2gXkAAUGIh,jpg

Br photon background
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Label Selection
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Spectral Overlap and “Compensation”

Calculation of concentrations
from optical/mass intensities

l, = a;, *C; +a;,*C,+a;3*Cy
l, = ay; ¥ +ay *Cy+tay ™ C,
l;= a3 *Cy + a5 ™ Cy+az ™ Cy

;. : “‘compensation” matrix numbers
| : measured intensities
c, : label concentrations

Solve n equations with n unknowns
(in spectral cytometry more complex
calculations are performed.)

GUIDELINES Compensation, pages 1484-88

_ Before compensation ~ After compensation

CD3R-PE
10 e

CDBFITC
regmed.musc.edu/flowcytometry/Compensation.html




Measurement data transformation
(dye-specific vs. full spectrum)

To obtain meaningful data for the researcher the multiple light
Intensities are converted to fluorophore masses per particle.

FITC  PE ’
A Arcy] -~
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f# "“ -:-@N»LLE.}-éa‘@;\l\.s*\-;‘\-‘-o:ﬂi.’w;«.\é“\t,},‘oé;-_:.‘*:-.w&éw
FITC into PE spillover s .
PE L. = o T T
e e -—_ - -
SR s =
+ Each fluorochrome is detected in ONE channel + Each fluorochrome is detected in ALL channels
+ Detector # = Fluor # + Detector # > Fluor #
+ Single stained controls establish spillover + Single stained controls establish reference signature

« Compensation mathematically subtracts the amount of light « Unmixing determines which combination of reference
contribution from non-primary colors into the primary detector controls best fits the signature of the multicolor sample

« A compensation matrix is calculated: n x n (square matrix) + An unmixing matrix is calculated: n x channel number

Cytek Biosciences



BD FACSymphony! A5 SE Analyzer

“Spectral” Flow Cytometry
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Table 3. Comparison of background (B), Q value, and detection
limit (DL) of standard filter setting and multispectral filter setting
for QSC microspheres stained with CD4 FITC or CD4 PE

PARAMETER 530/30 585/40 MULTISPECTRAL

Detection 515-545 565-605 505-810
wavelength (nm)

Qprrc (phe /ABC) 0.004 - 0.04

Qpy; (phe "/ABC) - 0.02 0.14

B (phe”) 9 32 63

DLrre (ABC) 320 - 59

DLy (ABC) - 875 231

FeherK2016 DOI: 10.1002/cyto.a.22888

Full spectrum analysis generally collects more photons and as a
result a lower limit of detection for fluorescence is achieved.



Autofluorescence

Mouse Lung Samples
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Resolving Spectrally Similar Dyes

Peak Emission Spectrum Resolution of Co-Expressed Markers
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Figure 4. The peak emission spectra of the dyes Qdot 705 and BV711 highly overlap and cannot be used together on a conventional flow cytometer (a).
However, these two dyes have distinct signatures, and because of this, they can be used in combination with full-spectrum cytometry (b). This means these dyes

can be used in combination to identify cell populations of interest such as T cells and non-T cells that co-express CD8 and CD56 (c). The new technology can fully
resolve cells that express one or both markers at different levels.

Ming Yan 2017



Approaches for Multi-parameter
Single Cell Analysis

* NA barcodes as labels for sequencing .
* agueous droplets in oil
« multiwell plates B ,
» High speed flow stream © " dye specific
* multiparameter MS R —
« conventional dye specific fluorescence |
« full spectrum fluorescence |
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Full Spectrum Optics
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+ High Sensitivity Collection Optics
+ Lasers are spatially separated
* Dedicated detector array

Full Spectrum Analysis
+ Spectral signature created via capture of the
entire emission spectrum

Spectral Unmixing
+ Calculates the contribution of each known
fluorophore's spectra to the total
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Optimizing cytometry measurements

Gain (PMT, CMOS, CCD)
settings

Data Display

e Controls
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Multi-marker Cell Analysis
Points To Consider

Know your instrument status e.g. Qr & Br for different channels

Use optimal detector settings e.g. high gain to maximize
Sensitivity (check to avoid off-scale events)

An poor separation conditions for a single marker analysis
will be even worse for a multi-marker measurement

Use high sensitivity labels for low expression markers
High sensitivity does not help against non-specific binding

For energy transfer fluorophors beware of spectral drifts
by photo-degradation

Internal controls are essential

Be aware of counting statistics limitations for low count
populations



Cell Sorting Technologies

Single Cell dispensers
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Rare Cell Analysis
Examples CD34, AC133, antigen specific cells, CTCs

Sample 1 |Sample 2 |[Sample 3 [Sample 4 : ’» ‘{ 1’

* Poisson count statistics
« Population Separation
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GUIDELINES Rare Cells: General Rules, pages 1523 — 26, 1846-7



Conclusions / Caveats

For optimal results use an adequate
technology

(flow cytometry has enormous capabilities, but is not always the
adequate technology to use e.g. single cell kinetics)

Understand the limitations of the system

(complexity, limits of detection, non-specific binding of reagents, ... )

Use appropriate statistical methods

(understand variance of very low counts during rare cell analysis)

Validate results with appropriate controls



Emerging Technologies
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Technology Development History
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Cyclic Staining Fluorescence Microscopy

b Photobleaching
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High speed imaging flow cytometry
with droplet sorting capability
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Technology originated at UCLA in Prof. Bahram Jalali’s group.
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Examples of New Detection
Technologies

MALDI imaging

(high parameter in-vitro imaging using

mass spectrometry)

Label-free imaging with Raman

(measuring cellular components by
their Raman spectra)

Microlasers for high parameter
cytometry

(ultra-narrow bands of light emission )

Label-free medium resolution
NMR Imaging
(chemical environment sensing)

m/z = 754.536 + 0.005 m/z = 782.567 & 0.005
Schober Y et al. (2012) Anal.Chem. 84, 6293ff

400 LPs with single-mode emission at different wavelengths (~1 nm bins)
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New Detector-Label Combinations

0 New photodetectors
extend the available
spectrum
(Si avalanche photodiodes

extend detection into the far
Infrared)

0 New dyes add excitation
In the UV, some
detection in the IR

(Fluorescent polymers,
bacteriochlorins, ...)

quantum efficiency (%)

100 ___
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Automatable Sample Preparation

Microfluidic system for leukocyte isolation and automated
staining and cell washing (deterministic lateral displacement)

a Fluid Flow =

also:

* acoustic focusing

« microfluidic filters

* Inertial flow

* magnetic nanoparticles
 high density particles
 dielectropheresis
 optical traps

Bumping Mode . e 8 ;8
|
o Jo 197

......

_—

]
Streamline Mode et

T —— Microfluidic channel

Davis JA et al (2006) PNAS 103: 14779ff

. Morton KJ et al (2008) Lab on a Chip 8: 1448ff
3. Cyto 2012 poster, Liping Yu et al,

4. Sturm JC et al. (2014) Interface Focus 4: 1-9




Droplet-based Integrated Bio-
Assay System Technology
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Sequence Barcodes

Single-Cell Protein Profiling
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Automated Data Analysis

 Algorithms for fully automated analysis

« Artificial intelligence (Al)/ machine
learning

« Even more advanced displays

Literature:
https://repository.lboro.ac.uk/articles/thesis/Defining confidence

in_flow_cytometry automated_data_analysis_software_platfor
ms/20254551 (thesis with a lot of detail about automated data
analysis)
doi: 10.3389/fimmu.2021.787574 (machine learning review
2022)
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https://repository.lboro.ac.uk/articles/thesis/Defining_confidence_in_flow_cytometry_automated_data_analysis_software_platforms/20254551

In-vivo Cytometry
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Mass Cytometry
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X-Ray Microscopy Tomography

Synchrotron Radiation
Light Source

Data Acquisition and Processing

X-Ray microscopy tomography 2021 https://dx.doj.org/10.1021/acs.analchem.0c04662



Positron Emission Tomography

a C
Nanoparticle radiolabelling In vivo single-cell tracking

Mesoporous silica
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Single Cell Tracking with
Magnetic Resonance Imaging
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Conclusions
Evolving Technologies

Technology developments in algorithms,
computing, detectors, electronics,
nanotechnology, microfluidics, organic
chemistry, and recombinant protein technology
create the basis for new reliable analytical
approaches for a deeper molecular
understanding of living systems.

There Is substantial value in working with other
scientific disciplines.
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