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Flow cytometry panel designation

FLOW CYTOMETRY PANEL DESIGNATION - EXAMPLE

k n W u r i n t r u n t Marker Purpose | Fluorochrome ‘ Laser (nm) | Detector / Filter | Color (Channel) EXAMPLE: 3 LASER, 14 COLOR FLOW CYTOMETER
O yo S l I l e Leukocyte > Detectors (by wavelength)
CD45 idontifieation BUV395 355 450/50 Violet T
e 355 nm (UV) Flow Cell 0 450/50
1 cb3 identification PerCP-Cy5.5 488 695/70 '
dampie preparation @ s
CD4 T helper cells FITC 488 530/30 488 nm (Blue)
610/20
° CcD8 Cytotoxic T cells APC 633 660/20
Marker expression | amimaser— G Y s
CcD19 B cells 561 585/42 s
‘ ' J e 695/70
. . CD56 NK cells PE-Cy7 561 780/60 Far Red 638 nm (Red) “"
Antigen densit | | |
CD14 Monocytes BV510 405 510/50 Blue-Green l
Granulocytes / [ 780/60
C I I f CD16 Monocytes BV605 405 610/20
(= B Aclivali(;n marker- | | . 660720
ell rrequency cozs | A | ws | w0 [
IL-7 receptor >650 LP
C h . F I h CD127 (naive T cells) BV786 405 780/60 Deep Red
oosing a Fluorophore |usye. e
I n g u r p r Viability Dye Uisermipation 7-AAD 638 . >650 LP Near IR
KEY DESIGN PRINCIPLES ELUOROCHROME GROUPS Q 1P
@ Define the purpose and populations of interest. UV (355 nm): BUV395 5
Always validate the
@ Choose flusrochromes based on brightness, antigen density, Blue (488 nm): FITC, PerCP-Cy5.5 panel experimentally
and spectral compatibility. Yellow-Green (561 nm): PE, PE-Cy7 and adjust based on
||| Minimize spillover and ensure proper compensation. Red (633/638 nm): APC, 7-AAD yourinstument and
4 sample type.

+ Include viability dye and appropriate controls. Violet/Blue Dyes (405 nm): BV510, BV605, BV711, BV786



know your instrument

* The first step in designing a flow cytometry panel is
understanding the instrument in detail, because the
panel must be built around the cytometer’s optical
capabilities rather than around the markers alone. Even
an excellent antibody combination can perform poorly if
it is not matched to the instrument.




know your instrument

* This step usually includes several
components:
1- Know the available lasers
Determine the excitation lasers on the cytometer
(for example 405 nm violet, 488 nm blue, 561
nm yellow-green, 638—-640 nm red). Different
fluorochromes are excited optimally by different -~ = & Y&
lasers. <
* For example on your 10-color Beckman
Coulter Navios system, fluorochrome
selection depends on what channels are
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know your instrument

2- Know detector and filter configuration

Each detector collects light within a specific wavelength range
determined by optical filters. You need to know:

— Number of fluorescence channels

— Band-pass filters used for each channel

— Which fluorochrome is assigned to each detectar
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know your instrument

3- Know instrument sensitivity and brightness performance

Not all channels perform equally. Some channels have:

— higher signal-to-noise ratio

— better sensitivity for dim markers

— more background noise
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Bright fluorochromes should generally be assigned to low-expression

antigens, while highly expressed antigens can be paired with dimmer

fluorochromes.

Example:

CD19 (bright antigen) — FITC may be acceptable

MRD marker with dim expression (CD81, CD58 abnormalities, CD200 weak

expression) — PE or APC may be preferable



know your instrument

4- Understand spectral overlap and compensation requirements
Fluorochromes emit across broad wavelength ranges and may
spill into adjacent detectors.

Examples:

*FITC — spills into PE

*PE — spills into ECD

*APC — spills into APC-A700 or APC-A750 |
Knowing expected spillover helps avoid problematlc
fluorochrome combination




know your instrument

5- Review validated laboratory templates

For clinical laboratories, especially in hematopathology and MRD
work, review existing validated panels and instrument-specific
templates before building a new panel.

For example, with B-ALL EuroFlow-style panels, marker selection
Is optimized specifically around instrument optical configurations.
COG(Children Oncology Group) panel  wwewa
MD Anderson panel l e | e | o | coe | com

LEuroFlow-%GF]




know your instrument

6-Understand practical instrument limitations

Examples:

Maximum number of colors measurable simultaneously
*Availability of compensation matrices

Daily QC performance

«Stability of PMT settings

*Detector linearity

"Know your cytometer before choosing antibodies. The
instrument determines which fluorochromes can be used, how
well they are detected, and how much interference will occur

between them.”
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Sample preparation

In flow cytometry panel design, the “sample preparation” step
means planning how the specimen will be processed before staining
and acquisition, because preparation directly affects antigen

preservation, cell viability, background staining, and data quality.
For a laboratory workflow, this step typically includes:



Sample preparation
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Sample preparation

Intracellular staining LSurface staining -Y
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Sample preparation

Cell loss during preparation-3
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Sample preparation

Viability-4
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Sample preparation

digad £93 .5

Sy 45 (L

1l Loy oo >l,bPeripheral blood

Bone marrow

Lymph node °

Body fluids

Gl glin (yuiluny 9831 9 show S5 1), vl eanlis



Sample preparation

6-Different anticoagulants can influence staining:
*EDTA: common for routine immunophenotyping
*Heparin: sometimes better for functional assays
*Some markers may be affected by certain anticoagulants
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Sample preparation

Sample preparation directly influences antigen preservation, cell
viability, fluorescence intensity, and the number of analyzable
cells. Therefore, the specimen type and processing protocol
must be considered before selecting markers and fluorochromes
during flow cytometry panel design.



Marker expression and Ag density

Immature Immature Immature  Naive/  Follicle Marginal Plasma

* The third step, marker expression

assigning fluorochromes. This step

Figure 346 B cell differentiation. The intensity of antigen expression throughout B cell maturation is depicted for antigens commonly used in the clinical laboratory.
| mature B cells express K or A light chains, never both. Darker colors represent higher levels of antigen expression.

and antigen density , focuses on g -
understanding how each antigen B —
behaves biologically before 0 —

is critical because panel
performance depends not only on
instrument configuration but also
on the density and distribution of
target markers.




Key aspects of marker expression include:

*Antigen density (bright vs dim expression):

Determine whether a marker is highly expressed or weakly expressed on the target
cells. Dim markers should generally be paired with brighter fluorochromes (for
example PE or APC), whereas strongly expressed markers can be assigned to
dimmer fluorochromes. A weak antigen placed on a weak fluorochrome may
become difficult to distinguish from background.

Examples:

*CD45 on mature leukocytes = usually bright

*CD19 on B cells - often moderate to bright

*CD34 on blasts - often relatively dim

eAberrant markers in leukemias may be weak or partial




Key aspects of marker expression include:

*Expression pattern:
Assess whether expression is:

* Positive versus negative
* Dim or bright

* Heterogeneous versus homogeneous 1 m
e Partial versus complete s ey
B |
(@) S

m

+>>(bright)+/(dim)+ CD19 : +/(dim)+>>-




Key aspects of marker expression include:

*Co-expression characteristics:

Determine which markers are likely to be present on the same cell
population. Co-expressed markers placed on fluorochromes with high
spectral overlap can create spreading error and reduce resolution.
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Marker expression and Ag density

This marker-expression assessment becomes the basis for the next
step: matching markers with fluorochrome brightness and minimizing
spectral interference.



Cell frequency

*Determine whether the target population is common or rare

Examples:

Mature T cells in peripheral blood - very common

*Plasma cells in bone marrow - relatively uncommon

*Hematogones - low frequency

*Minimal residual disease (MRD) cells = very rare

*Paroxysmal Nocturnal Hemoglobinuria clone populations - may be extremely
rare

Rare populations require greater assay sensitivity than abundant populations




Cell frequency

*Adjust panel design according to rarity

For rare cells:

*Use brighter fluorochromes for essential markers

*Minimize spreading error into critical channels

*Optimize gating markers

*Increase total events acquired

For common populations, fluorochrome assignment may be more flexible.
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Cell frequency
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Cell frequency
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Intensity

Optimal titer
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Choosing a Fluorophore

 The final step in flow cytometry panel design, “choosing a
fluorophore,” means matching each antibody marker with an
appropriate fluorescent dye so that all markers can be detected
clearly with minimal interference. This step strongly affects
sensitivity, resolution of populations, and compensation
requirements.

 Major considerations include:

e Match fluorophore brightness to antigen density

This is one of the most important rules:

*Dimly expressed antigens - assign bright fluorophores

*Brightly expressed antigens = assign dim fluorophores




Choosing a Fluorophore

Examples:

*CD34, CD117, CD25, CD200, MRD markers - often placed on brighter
fluorophores

*CD45, CD3, CD19, CD20 - usually tolerate dimmer fluorophores
because expression is strong

For example:

*CD34 - PE or APC (bright)

*CD45 - PerCP or FITC (less bright)

Using a weak fluorophore for a dim antigen may make the population
disappear



Choosing a Fluorophore

e Consider co-expression patterns

Markers expressed on the same cells should ideally not be assigned to
highly overlapping fluorophores.

For example, if blast cells co-express:

*CD34

*CD117

*HLA-DR

Avoid assigning these to fluorophores that heavily interfere with one
another.

Instead, distribute them across different laser lines when possible




Choosing a Fluorophore

A common practical rule:

Low-density antigen - bright fluorophore

High-density antigen - dim fluorophore

Co-expressed markers - separate fluorophores with minimal overlap
This final fluorophore-selection step integrates all previous steps:
knowledge of the instrument, sample preparation, marker expression,
antigen density, and cell frequency. It converts the marker list into a
functional multicolor panel.



Fluorophore Separation

* |deally, when building multicolor panels, it is
best to separate  fluorophore excitation
across lasers, and where possible, the
emission across the detectors.

* This will minimize the amount of .
spillover and therefore "TFITC ECD PC5 PerCP

compensation you will need to do. )/\ p

* However as you increase the number of fluorophores
in your panel, this will not always be possible.

emission

* Therefore other considerations need to be included in 500 500 700
. wavelength
your design



Avoid overlap of strong positive populations into detectors, that should
analyze dim signals.

0542

Strong Spillover of FITC into FL2

= You cannot longer separate dim Fl2-
positive signals

4ni PBS mit 10ul CDS.007

104

No Spillover of PerCP into FL2:

= Separation of dim PE and bright

PerCP double positive signals is
possible
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Fluorophore Separation
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Fluorophore Separation
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Fluorophore Separation
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Fluorophore Separation
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Fluorophore Separation
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PARENT-DESCENDANT RULE

in Flow Cytometry Panel Design

Rule: Assign brighter fluorochromes to descendant markers,

and dimmer fluorochromes to parent (backbone) markers.

1. CONCEPT

PARENT
(Backbone marker)

DESCENDANT
(Subpopulation marker)

Expressed ona Expressed on a
large population smaller subset
(Usually bright) .{ (Often dim)
e < ¥r
ﬁ P
(0%)
- Oy <
.r =

3. WHY IT MATTERS

If you put BRIGHT fluorochrome
on PARENT marker p 4

If you put BRIGHT fluorochrome
on DESCENDANT marker 4/

» Parent is already easy to detect

* Wasted bright channel

+ Descendant (dim) may be
missed or poorly resolved

* Reduced sensitivity for MRD

» Parent still clearly detected
even with dimmer dye

* Descendant (dim) becomes
clearly visible

» Better separation & sensitivity
(important for MRD)

Parent (bright) Descendant (dim) Parent (moderate) Descendant (bright)

A A

Fluorescence intensity —»

Count

Fluorescence intensity ———3»

2. EXAMPLE: B-CELL ACUTE LYMPHOBLASTIC LEUKEMIA (B-ALL)

B cells

(CD19+)

/

y
l Pre-B

N

\ | Pro-B

‘-_\ \(CD10+3 / (CD34+)

Mature B
(slg+)

CD19 is a PARENT marker:

= Present on all B cells

» Usually bright

» Not the limiting factor for
detection

CD10, CD34, slg are DESCENDANT
markers:
* Present on smaller subsets
« Often dim
* Need brighter fluorochromes
for better resolution

4. PRACTICAL EXAMPLE (10-COLOR PANEL)

Marker

CD19

CcD10

CD34

CcD22

CD4s5

Role

Parent
(Backbone)

Descendant

Descendant

Descendant

Parent

Typical Expression

Bright, on most
B cells

Dim-moderate,
subset
Dim, subset

Dim-moderate

Bright

Fluorochrome Choice Reason
FITC / ECD Easy to detect,
(d-imrr;er} save bright
dyes
PE (bright) Needs sensitivity
for detection
APC (bright) Important for
identification
PC5.5 Better separation
Krome Orange Backbone,
(moderate) not limiting

-: KEY TAKEAWAY: Do not waste your brightest fluorochromes on markers that are already easy to detect.
Use them for the markers that are dim and critical for defining your target population.



Medical indication of flowcytometry for
hematolymphoid malignhancy:

. The diagnosis and classification of hematopoietic neoplasms.
. Assessment of biological parameters associated with prognosis.
. Detection of antigens used as therapeutic targets.

. Detection of residual neoplastic cells following therapy.



Red cells are lysed and do not appear on
flow cytometry dot plots

Granulocytes (gray dots) have dimmer
expression of CD45 (X-axis) than
lymphocytes and monocytes but display
much higher side scatter.

The latter corresponds to cytoplasmic
granularity

Bone marrow aspirate

% i é Monocytes (blue dots) have bright CD45
g £ G = expression (X-axis) and mildly increased
E p—Pu P — 8 side scatter (Y-axis), when compared to
£ § > g lymphocytes. Side scatter corresponds to
ER [ minimal cytoplasmic granularity of

9| g monocytes ~ ~ monocytes.

2 blasts

N

hematogones « i
N

\ \A

Blasts have dim to
moderate expression of
CD45 (X-axis) and low to
minimally increased side
scatter (Y-axis)

Plasma cells are
CD45 negative and
have low side
scatter

FIGURE 2.10 Gating strategy. Part of the sample from the bone marrow aspirate or blood (tube) is smeared on the microscope glass
slide for morphologic correlation, while the rest is incubated with antibodies, lysed, fixed, and submitted for flow cytometry analysis;
see text for details.
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FIGURE 1.22  Side scatter (SSC; orthogonal, right angle scatter) on Y axis corresponds to granularity of the cytoplasm (X axis presents CD45
expression). Lymphocytes (a through f; red dots) have low SSC, whereas neutrophils (b—c), cancer cells (¢) and atypical promyelocytes (f) have
high SSC. Monocytes (b; blue dots), blasts (c; green dots) and HCL cells (d; blue dots) have higher SSC than lymphocytes (compare with red dots).



Lymphocytic gate
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FIGURE 2.11 “Lymphocytic” gate. Benign lymphocytes and the majority of mature lymphoproliferative disorders are characterized
by low side scatter (SSC) and bright expression of CD45 (red dots; arrow).
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“Monocytic” gate

monocytes, monoblasts
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rare plasma cell neoplasms
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Monocytic gate
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FIGURE 2.12 “Monocytic” gate. Benign monocytes and majority of neoplastic monocytic proliferations are characterized by bright
CD45 expression and slightly increased side scatter (SSC). They appear above lymphocytic gate on CD45 versus SSC display (arrow).
Apart from monocytic cells, similar SSC and CD45 properties are often seen in hairy cell leukemia and occasional lymphoprolifera-

tions, mast cell leukemia (unusual and rare form of mast cell disease), and markedly dysplastic granulocytes.




Hematogone gate
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Hematogone gate
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FIGURE 2.13 “Hematogones” gate (a). Hematogones are characterized by very low side scatter (§SC) and dimmer expression of
CD45 when compared to lymphocytes (red dots); they have variable (“smeared”) expression of CD20 (a’; broken arrows), and are posi-
tive for CD10 and partially for CD34 (a”). Occasional lymphoproliferative disorders and blasts may have similar to hematogones SSC
and CD45 properties (b—e).
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“Blast” gate

acute myeloid leukemia (AML), blast phase of MPN
acute promyelocytic leukemia, microgranular variant
precursor B-cell leukemia/lymphoma (B-ALL)

precursor T-cell leukemia/lymphoma (T-ALL)

blastic plasmacytoid dendritic cell neoplasm (BPDCN)
occasional B-cell ymphomas e.g., diffuse large B-cell
lymphoma (DLBCL) or follicular lymphoma (FL)
occasional plasma cell myelomas (PCM) and plasma cell
leukemia (PCL)

MICROGRANULAR APL (APLv)
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Blast gate
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CD45

FIGURE 2.14 “Blast” gate. Myeloid precursors (blasts) have moderate CD45 and low side scatter (SSC). Occasional lymphoprolif-
erative disorders, plasma cell tumors, as well as granulocytes with decreased granularity and microgranular APL have similar CD45
versus SSC characteristics.



Side scatter
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Plasmacytic gate

PRECURSOR B-LYMPHOBLASTIC LEUKEMIA

ACUTE ERYTHROID LEUKEMIA

g ]
£ =1
¢ g
b o
s o
wv wv

]

£

4

7]

8

vy

CD45
FIGURE 2.15 “Plasmacytic” gate. Apart from plasma cell neoplasms, erythroid precursors, occasional AML and B-ALL are charac-

terized by negative CD45 and low side scatter. Rare T-PLL may be CD45-negative.



Side scatter

Metastatic gate
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Metastatic gate
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FIGURE 2.16 “Metastatic” gate. High side scatter and negative CD45 is typical for non-hematopoietic tumors and rare plasma cell
neoplasms.



Side scatter

Granulocytic gate
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Granulocytic gate

MAST CELL LEUKEMIA ACUTE MYELOID LEUKEMIA
o

Side scatter
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FIGURE 2.17 “Granulocytic” gate. Granulocytes are characterized by high side scatter (SSC) and moderate expression of CD45.
Hematopoietic tumors with similar characteristics include mast cell proliferations, acute promyelocytic leukemia (hypergranular

variant), and occasional large cell lymphomas and rare acute myeloid leukemias.



The End



