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Flow cytometry is a process of signal transformation
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Conventional and spectral flow cytometry

Two differences between spectral and
conventional flow:

Difference 1 (hardware)

* “How we convert colored light to digital signals”
* Spectral uses more detectors than fluorochromes

Difference 2 (software)

* “How we convert digital signals to biological data”
* Spectral uses unmixing instead of compensation
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information across

Additional detectors
added to give more
the spectrum

48

Total # Detectors

Filters span the full spectrum

Filters avoid laser lines
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Filters detect emission peaks
Filters avoid laser lines

|
—
+—)
O
Q
@N
wn
D
re.
AL
=
=
U
Q
-
)
Va)]
Q
wn
-
+—)
(-
m
-
|
)
Vp)]
<
O
—
+—)
O
Q
@N
(0p)]
<C




What remains the same?

Experimental workflow

* Sample preparation
* Sample staining
* Sample acquisition
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Controls

» Appropriate single stain controls for
accurate unmixing
 Biological and FMO controls

Panel design approach

Know your biology, fluorochromes
and instruments
Managing spread




Similar design and resolution of a 12-color
biological panel

CD3 BUV8OS

CD3 BUVS0S
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BD FACSymphony™ A5 Cell Analyzer — Conventional compensation

CD8 BUV395

CD8 BUV395

CD4 APC-H7

CD4APC-H7

CD27 APC

CD27 APC

CD28 BV48O

CD28 BV4SO

CD127 RY586

CD127 RY586

CD197BUV615

CD197 BUV615

Same sample run on two
different instruments
with different settings
and configuration




Similar design and resolution of a 12-color
biological panel

BD FACSymphony™ A5 SE Cell Analyzer — Conventional compensation

Same sample run on the
same instrument

with the same settings
and configuration
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Advantages of spectral flow cytometry
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Autofluorescence extraction
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The natural fluorescence of cells

Cells contain compounds and organelles that are
naturally fluorescent

More pronounced in larger cells or cells with higher
granularity (side scatter). For example,
lymphocytes have lower autofluorescence than
granulocytes

Metabolic activity and experimental conditions
also influence autofluorescence (proliferation,
activation...).

Monici, Monica. (2005). Cell and tissue autofluorescence
research and diagnostic application. Biotechnology annual
review. 11.227-56. 10.1016/51387-2656(05)11007-2




Autofluorescence removal can improve resolution:
granulocytes

Differences in autofluorescence can be measured
within the same sample

Granulocytes
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Fluorochrome choice flexibility

Conventional

Fluorochrome choice depends on laser availability and filter configuration Fluorochrome choice only depends on laser availability

Any spectral flow cytometer with a blue laser
Standard configuration ‘ With optional filter
B ] L —

01020

@

By collecting the full spectrum, fluorochrome choice is not dictated by filter configuration anymore
Any fluorochrome excited by a suitable laser can be detected

This also results in higher flexibility and multiplexing capability, as no fluorochrome needs to be
sacrificed to detect a new fluorochrome of interest

Either PE-CF594 or PE-Cy7 can be detected in this instrument




Use of highly overlapping dyes

Simultaneous use of highly similar fluorochromes undistinguishable in
conventional flow cytometry enabled the design of large panels

Conventional
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Use highly overlapping fluorochromes together

CD4 FITC
CD4FITC

100 o 10° 10° 1 100 o 10°

CD8BB515 CD8 BB515
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Although feasible, the simultaneous use
of FITC and BB515 is challenging and
limited due to high overlap resulting in
high spread




Fundamental panel design
principles common to
conventional and spectral flow

cytometry




Spread can impact the biological resolution
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Spectral flow cytometry does NOT eliminate spread

BD FACSymphony™ A5 Cell Analyzer — Conventional compensation

CD4 PE-CF594 CD4 PE-CF594 CD4 PE-CF594

We still need to deal with spread in spectral flow
cytometry in the same way as in conventional flow
cytometry

CD4 PE-CF594



The same panel design principles still apply for spectral
flow cytometry

1. Understanding the biology:
* Level of co-expression
* Antigen density

2. Know your fluorochromes:
« Brightness (to be matched with antigen density)
« Spectral overlap

3. Know your instrument:
« Configuration

e Spread



Know the biology: co-expression and antigen density

Antigen categorization based upon expression pattern

Primary

Cytometry @ SAC
typically high expressed and identify broad subsets or lineages; g PART A i
expression is usually “on” or “of” OMIPs Collection

i Optimized Multicolor Immunofluorescence Panel (OMIP) is a special peer-reviewed
Exam ples: ||neage markers ||ke CD3’ CDL|, CD8, CDL| 5 c. ] Cytometry Part A publication type that reports on newly designed and optimized multicolor
L panels for flow cytometry, fluorescence microscopy, image cytometry, and other
polychromatic fluorescence-based methods. The first two OMIPs were published in the
September 2010 issue of the Journal.

Secondary

expressed at intermediate levels or over a continuum CP45RA | OMIPs are aimed: (1) to alleviate the development time for researchers in need of the

i same or highly similar panels, (2) to provide a starting point for the creation of novel
|/ OMIPs, and (3) to give the developers of the panels credit via citation or the publication.
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Examples: CD27, CD28, CD45RA, CD45R0O
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EXClm pleS: Chem Okl ne receptOI'S Tomas Kalina'#, Karel FiSer', Martin Pérez-Andrés *, Daniela Kuzilkova®, Marta Cuenca®,
Sophinus J. W. Bartol”, Elena Blanco®*, Pablo Engel’, and Menno C.van Zelm®”, on behalf of the Human Cell

Differentiation Molecules (HCDM) organization

https://doi.org/10.3389/fimmu.2019.02434

https://public.tableau.com/app/profile/fanny2212/viz/O
MIP_ISAC/Menu
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Know the fluorochrome characteristics: brightness and
spectral overlap

BD SpectrumViewe

BD Life Sciences

Combined Ex/Em Graph N
This table provides general quidance with respact to the r capability of different fluorochromes to resolve dimly Stained populations; it is not a P Reset Zoom
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Tools to predict spread: CD4 Total Spread Matrix

« Accurately measures the total spread: difference in rSD
between the positive and negative population

« (Color coding can be used to identify different levels of
spread

* The values are directly proportional to the amount of j

spread e e Mt

The same value across different rows means the same CD4BV786 CD4BUV61S CD4BUV66!

amount of spread

TSM=1094

¥
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Additional challenges and tools when
designing 35+ color panels in spectral
flow cytometry
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The use of highly overlapping dyes in high parameter
panel design

Similarity index is a quantitative tool to determine the level of overlap
between the emission profiles of two fluorochromes

A similarity index of O means the
two fluorochromes have completely
distinct emission profiles

A similarity index of 1 means the
two fluorochromes are identical
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Completely separate fluorochromes

Compensation
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Partially overlapping fluorochromes

Compensation
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Highly overlapping fluorochromes

Compensation
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spectral flow, their use is limited and
challending due to the very high spread



How to use highly overlapping fluorochromes together

CD4 FITC
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High expressed, not-coexpressed markers

Similarity: 0.98

‘I[J3 104
CD8 BB515
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CD4 FITC

CD4 RBE545
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Similarity: 0.66
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CD8 RB545

High spread and background in the
negative population can significantly
reduce marker resolution

Biological resolution can still be
maintained for highly expressed and
clearly separated, orthogonal markers

Biological resolution of markers
expressed at low levels will be lost
irrespective of co-expression patterns



Identical fluorochromes

Compensation

O O

o PE-Vio 770

- PECy7

Unmixing

Fluorochromes with identical emission
profile, despite different name

These fluorochrome combinations can't
be used in conventional nor spectral
flow cytometry




How to use the Similarity Index?

To exclude identical fluorochromes

& e

To identify and avoid highly overlapping
fluorochromes when possible

 Ratadies . atdeiias smmm et vy .4 NN pidididd  Midd i ] I T T v

CD4 BUV496 CD4 PE-CF594
Not to select reagents for partially overlapping dyes:

not the best tool to predict spread because it doesn't

take into account brightness Fluorochrome Similarity Index TSM
(BUV563)
0.5 116

BUV496 25

PE-CF594 124 0.34 388
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Summary

Conventional and spectral flow cytometry use a different approach to measure the individual contribution of each
fluorochrome to the total measured signal

* Conventional: collection of discrete emission profiles through a 1:1 fluorochrome and detector ratio
* Spectral: collection of emission across the entire spectrum

Collection of the entire emission spectrum offers some advantages:

* The possibility to extract autofluorescence and to obtain better resolution for highly autofluorescent samples
* Higher fluorochrome choice flexibility

* Development of larger multicolor panels

Spectral flow cytometry does not eliminate spread

* The same panel design principles should be followed to avoid loss of resolution due to spread

The same tools can be used to guide panel design
» Total spread matrix, fluorochrome brightness reference

The Similarity index can be used to exclude identical dyes, and to identify and exclude highly similar dyes whenever possible



Thank you!

Wednesday, February 14, 2024 at 17h
NEW BD Webinar: Revealing cellular diversity with the power of spectral cytometry

BD flow cytometers are Class 1 Laser Products.

For Research Use Only. Not for use in diagnostic or therapeutic procedures.

© 2023 BD. All rights reserved. Unless otherwise noted, BD, the BD Logo and all other trademarks are the property
of Becton, Dickinson and Company or its affiliates. To learn about your rights to object to such collection, and your
other rights, see the BD Privacy notice.
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