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OUTLINE 
 
Multiparametric flow cytometry is one of the leading technologies for cellular analysis because it 
allows for the simultaneous detection of numerous characteristics of individual cells with 
relatively high throughput (15). The development of multiparametric flow cytometry assays is a 
complex task requiring a detailed understanding of flow cytometers, selection of markers for 
immunophenotype, clone selection, fluorochromes and spectral overlap, surface and/or 
intracellular staining protocols, and data analysis. Antibody reagents are the key components of 
multiparametric flow cytometry analysis. The medical director may request additions of new 
antibodies based on the clinical need to establish a diagnosis and characterize various normal 
and neoplastic hematolymphoid populations. For reproducible flow cytometry analysis, the 
quality performance of these antibodies is an absolute requirement. While there are numerous 
antibody reagents available from various manufacturers, the criteria to select and validate the 
proper antibody reagents, for flow cytometry analysis, and to interpret the validation results are 
not well-defined (2).  
 
The purpose of this module is to provide guidance in the selection of antibodies for the 
identification and characterization of the targeted population, establish performance verification, 
and finally validate the antibodies in a single tube combination or multi-tube antibody panel. The 
procedures are divided into five major sections listed below. 
 
PROCEDURE/PROCESS 
 
1. Antibody, clone, and fluorochrome selection: 
 

a) Antibody Selection: 
 

When designing a new panel or modifying an antibody (e.g., changes in clone, fluorochrome 
etc.) or adding a new antibody to a panel, the process begins with a selection of an antibody 
to be included in clinical testing, which involves several considerations. Define the purpose of 
the new antibody in a panel before initiating the design and validation process. Antibodies 
used in a panel are selected as either (1) lineage markers (to identify lineage associated 
antigens), (2) backbone markers (lineage or gating antibodies) to identify distinct cell 
populations throughout multi-tube panels in a sample (3) characterization markers (to 
characterize a population of interest which will aid in the differential diagnosis between 
several neoplasms), or as (4) dump channel markers (to exclude the selected populations 
from the analysis, e.g., viability dye to exclude dead cells). 

 

https://onlinelibrary.wiley.com/doi/epdf/10.1002/cyto.a.23895
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During the antibody selection process, review the literature for consensus on the 
immunophenotype of the population of interest being targeted in the panel. There should be 
sufficient published evidence of antibody utility that will achieve the purpose of the panel. 
The next important step for the new antibody selection is to determine whether the antigen 
under investigation is co-expressed on populations of interest (e.g., CD19 and CD20 on B 
cells) or whether it is expressed uniquely (e.g., CD3 on T cells and CD19 on B cells). Finally, 
the expected intensity of new antigens on normal or abnormal populations should be 
considered.  
 
The new antigens are then subsequently assigned to one of the following three sub-
categories: 
 

• Primary antigens - They are usually are well characterized and easily classified as 
‘‘positive’’ or ‘‘negative’’. Typically used for discrete, parent, descendant, and mutually 
exclusive antigens in the analysis (e.g. CD3, CD4, CD8, CD14, CD19, or CD20).  

 

• Secondary antigens - They are well characterized but often exhibit a continuum 
spectrum of expression patterns (e.g., CD27, CD28, HLA-DR, and CD38). 

 

• Tertiary antigens - These are expressed at low levels only (e.g., CD25 or CD56-NCAM). 
Uncharacterized critical antigens and modulated antigens (expression intensity changes 
with maturation or activation status) also fall into this category. 
 

Therefore, careful selection of new antibodies requires consideration of the following (15, 16): 

• Their degree of specificity for the identification of a given cell lineage,  

• Maturation stage and aberrant phenotype,  

• The selection of appropriate antibody clones and fluorochrome conjugates to be used in 
multicolor combinations, 

• The performance of the new marker in combinations with other markers (A new marker 
in a combination mixture should not interfere with other nearing neighbor channels and 
vice versa). 

• The regulatory category of the antibody, e.g., RUO (Research Use Only) or ASR (Analyte 

Specific Reagent). This may impact the future availability of the product.  

 
b) Clone Selection: 

 
Once the antibody is selected, the selection of clones begins with a review of the published 
guidelines and literature. In general, multiple clones of an antibody are often generated to 
different epitopes on a single antigen.  

 

• For antibodies that are not well characterized, it is advisable to evaluate multiple clones 
for each antigen to select the optimal clone for the specific assay or panel (15). 

• Many available clones are well known, published, and most work well. However, some 
antibodies or clones may work well when conjugated to a specific fluorochrome but may 
not work efficiently with another fluorochrome (i.e., not able to separate a positive 
population from a negative population). Furthermore, some antibodies (e.g., CD34) may 
show a difference in undesirable binding when obtained from different manufacturers 
even though they are conjugated to the same fluorochrome and prepared from the same 
clone (18). 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3437410/
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• The selection of the isotype of the clone used for a particular marker may also have an 
effect on the assay. As a general rule, IgG1 has a lower non-specific binding (i.e., 
binding to Fc receptors [FcRs]) compared with IgG2a or IgG2b. Artifactual interactions 
between antibodies can happen, especially with mouse IgG2 antibodies. This interaction 
is mediated by the plasma complement protein C1q (1). 

• The selection of antibody clones should, therefore, be based on clones known to work 
well in clinical analysis of malignant and non-malignant hematological stem cell 
disorders. An example of antibody clone selection for PNH reagents is published in the 
ICCS/ESCCA Consensus Guidelines to detect GPI-deficient cells in Paroxysmal 
Nocturnal Hemoglobinuria (PNH) and related Disorders, Part 2 – Reagent Selection and 
Assay Optimization for High-Sensitivity Testing (20). 

 
c) Fluorochrome Selection: 

 
Once the selected antibody with the right clones is defined, an optimal fluorochrome must be 
selected for use with each antibody. The pairing of antibodies with the optimal fluorochromes 
is one of the most critical aspects of panel design. Most reagent manufacturers provide 
information on the relative brightness of the fluorochromes they offer (15). Some 
manufacturers also provide a web-based tool for panel design which also helps in the 
reagent selection process. The purpose of the appropriate selection of antibody- 
fluorochrome combinations is to minimize their effect on the spectral spread/spillover and 
maximize the resolution of the population(s) of interest. The following guidelines are 
recommended for the optimal selection of fluorochromes for a selected antibody. 
 

• Fluorochrome selection starts with your instrument configuration (the type of lasers, laser 
power, filters, and detectors). Know your flow cytometer’s optical system before making 
a selection. 

• Determine which antigens require the most detection sensitivity (e.g., consider 
populations that are dimly positive, and/or when positive cells are very rare). In the case 
of dim markers, they need to go into the brightest fluorescent channels, usually PE, PE 
tandems, or APC (e.g., expression of CD5 on B-cells and CD25 on CD4+ T-cells). In the 
case of rare event markers, there is more flexibility, unless the positive events are both 
rare and dim (17). 

• The next step is to ensure that antibodies coupled to bright markers are not used in 
channels that significantly spillover into the channel chosen for high sensitivity. When 
designing experiments for the flow cytometer, careful consideration must be given to the 
degree of spectral overlap between fluorochromes. In general, the amount of the spread 
in any detector is directly proportional to the amount of fluorescence spillover but NOT 
the spillover value (the greater the spillover, the greater the spread of the compensated 
positive population). Besides, for any given fluorochrome the spread is also proportional 
to the fluorescence intensity of the marker (15). 

• Weakly expressed antigen works best with a bright fluorochrome, while a strongly 
expressed antigen works with all dyes (however, always take care of neighbouring 
channels and make sure bright antigen are on the scale for proper compensation as well 
as accurate detection of an antigen). 

• If multiple antigens are present on the same cell (i.e., co-expressed antigens), they 
should not be on adjacent detectors, if possible. Spread them across as many lasers as 
possible to minimize spillover. 

https://onlinelibrary.wiley.com/doi/epdf/10.1002/cyto.b.20138
https://onlinelibrary.wiley.com/doi/10.1002/cyto.b.21610
https://onlinelibrary.wiley.com/doi/10.1002/cyto.b.21610
https://onlinelibrary.wiley.com/doi/10.1002/cyto.b.21610
https://onlinelibrary.wiley.com/doi/abs/10.1002/cyto.a.20092
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• When markers A and B are co-expressed on the same population, determine which 
antigen is more highly expressed, i.e., if marker A expression is higher than marker B (15): 

 For the brighter marker A, use a dimmer fluorochrome with low spillover into marker 
B. This will minimize the spread by having low intensity and low spillover; thus, 
maximizing the resolution of the A+ B+ population from A+ B-. 
 

 For the dimmer marker B, use a brighter fluorochrome. Although less critical for this 
marker (due to lower fluorescence intensity), a fluorochrome on marker B that has 
only a low-to-moderate spill into marker A should be used. 

 

• Spillover from subpopulations to parents (e.g., spillover from CD4/CD8 to CD3) has no 
impact on sensitivity, while the adverse case might affect sensitivity (CD3 to CD4/CD8). 
Therefore, spillover is allowed from subpopulation markers to parent markers but avoid 
vice versa. 

• Weakly expressed antigen works best on a channel that does not receive significant 
fluorescence spillover from other channels, while a strongly expressed antigen works 
best on a channel that does not contribute to the signal on other channels. 

• It is important to note that some fluorochromes are sensitive to reagent systems and 
stringent conditions (pH, temperature, detergents, fixatives, alcohols) used to 
permeabilize cells post-surface staining, thereby affecting any subsequent intracellular 
staining step (11). 

It is difficult to have every antibody conjugated to an optimal fluorochrome and to ensure that 
all function as ‘good neighbors’ with regard to the amount of spill-over. In a combination of 
multiple antibodies, some must be prioritized, and so others may have to be used in a slightly 
less favorable combination of colors (7). 

2. Antibody Optimization and Performance Verification  
 
Antibody optimization is the process of selecting the best antibody conjugate (a combination 
of antibody and fluorochrome) for use in the assay. The primary factors to be considered 
during antibody optimization are 1) ensuring antigen specificity, 2) finding the optimal volume 
of an antibody for the test system with the highest signal-to-noise ratios, 3) minimizing 
background fluorescence, and 4) steric hindrance of antibody binding due to antigen density 
and the close proximity of multiple antigen epitopes (11). The majority of the antibodies for 
flow cytometric immunophenotyping have been often used and their performance has been 
verified and published in the relevant scientific literature. These published literatures in 
conjunction with the manufacturer's package insert may serve as an excellent source of 
information for the recommended staining protocols.  

 
a) Antibody Specificity:  

It is important to first ensure the specificity of the antibody to prove that it can accurately 
identify the antigen of interest. The negative controls are as important as the positive controls 
to confirm the specificity. Negative controls should consist of cells where your target protein 
is known to be absent. In general, monoclonal antibodies are preferred over polyclonal 
antibodies for use in the flow cytometric characterization of hematological malignancy. This is 
primarily due to the fact that monoclonal antibodies provide much greater specificity of 
staining and exhibit lower background staining compared to polyclonal antibodies which 
show higher affinity and sensitivity. However, there is an exception for light chain antibodies 
where polyclonal antibodies would seem to be the best choice than monoclonal antibodies 

https://onlinelibrary.wiley.com/doi/epdf/10.1002/cyto.b.21106
https://onlinelibrary.wiley.com/doi/epdf/10.1111/bjh.12789
https://onlinelibrary.wiley.com/doi/epdf/10.1002/cyto.b.21106
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for the detection of light chains because they are designed to recognize a great variety of the 
most common light chain antigens. This is especially true when assessing dim expression on 
some B-cell lymphoproliferative disorders (B-LPDs). 

 
b) Antibody Titration: 

Although the manufacturer recommends an ideal volume of antibody reagent to use for 
labeling, titration is important for minimizing the background fluorescence and the non-
specific binding, while optimizing the signal-to-noise ratio relationship resulting in the highest 
amount of specific binding. This also significantly reduces costs. Antibody titration assures 
that sufficient antibody is available to detect antigen sites over a wide range of expression 
since the antigen frequency on leukemic cells may differ from the frequency on normal cells. 
 
Titrations should always be performed using the same sample preparation process (whether 
cells are unfixed, fixed, or fixed and permeabilized), reagent systems, staining conditions, 
final staining volumes and cell concentration to be used during the assay. To determine the 
optimal titer for the staining antibody it is recommended to make a serial dilution of the 
antibody (8,11). Detailed instructions on antibody titration are provided in the ICCS Module 7 - 
Quality of Reagents – Monoclonal Antibodies. 

 
c) Performance of validated antibody in a panel: 

Once an antibody is optimized, the antibody combination is initially tested by staining all 
antibodies together and comparing these results with that of unstained cells, cells stained 
singly with each antibody conjugate (single stain control), and mixtures of all antibody 
conjugate pairs except one i.e., fluorescence minus one (FMO). This experiment facilitates 
the identification and investigation of potential problems associated with a panel. In general, 
once a reagent panel has been validated, it is not necessary to run all of these controls on a 
day-to-day basis unless method related troubleshooting is being performed.  
 
Steric hindrance:  
It is critical to demonstrate that equivalent staining characteristics are achieved when using 
the antibody in a cocktail (fully stained sample) against the same sample stained with a 
single antibody. The addition of multiple reagents to the same tube raises the potential for 
one reagent interfering with the binding of one or more other reagents, especially when two 
or more antibodies are used to label antigens that are in close proximity to each other on the 
cell surface. This will lead to reduced binding of the sterically hindered antibody and 
eventually to a reduction in the associated fluorescence and lower-than-expected signal that 
could lead to an erroneous interpretation of flow cytometry results.   

 
Fluorescence minus one (FMO):  
Essentially, the FMO test comprises one tube with all antibodies of the multi-color tube to be 
tested, as well as a series of tubes, each omitting one of the antibodies at a time (7). The 
purpose of the FMO controls is: 
 

I. FMO controls are appropriate to set regions in multicolor samples (i.e., determining 
positive and negative cut-off points in samples that contain multiple populations). 
Targeted FMOs serves as excellent controls to delineate antigens on a population 
that are either dimly expressed or show heterogeneous expression. 
 

II. FMO controls are an invaluable tool for assessing compensation in the experiment. 
Once compensation has been determined, a simple way to verify compensation 

https://currentprotocols.onlinelibrary.wiley.com/doi/abs/10.1002/cpim.26
https://onlinelibrary.wiley.com/doi/epdf/10.1002/cyto.b.21106
https://www.cytometry.org/web/modules/Module%207.pdf
https://www.cytometry.org/web/modules/Module%207.pdf
https://onlinelibrary.wiley.com/doi/epdf/10.1111/bjh.12789
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settings is to use FMO controls to investigate spillover induced background staining. 
Each fluorochrome needs to be plotted systematically against all other fluorochromes; 
the plots are then investigated for either missing or unexplained populations in 
different tubes, or large changes in median fluorescence (6). If compensation is set 
correctly, the effect of removing one reagent is that the signal for that reagent should 
return to the background. If other signals suddenly appear under-or 
overcompensated, then the compensation has not been correctly performed.  

 

III. The limitation of the FMO is that it provides a measure of spillover induced 
background, but not of nonspecific antibody binding. In this regard, FMO controls 
cannot be used to specifically expose any type of undesirable binding associated with 
the antibody of interest. However, a note should be made that in multicolor flow 
assays the larger proportion of nonspecific signal detected on the channels is due to 
spillover induced background rather than undesirable antibody binding. 

 
The following table is an example of a 10-color panel for performance verification(9). Adjust 
the number of tubes according to the number of markers in the panel. Stain selected samples 
using the established staining protocol.  

 

Antibody  
FL1 FL2 FL3 FL4 FL5 FL6 FL7 FL8 FL9 FL10 - Tube  

1 Unstained 

2 x x x x x x x x x x 

S
te

ric
 H

in
d

ra
n

c
e

 

3 x          

4  x         

5   x        

6    x       

7     x      

8      x     

9       x    

10        x   

11         x  

12          x 

13  x x x x x x x x x 

F
M

O
 C

o
n

tro
ls

 

14 x  x x x x x x x x 

15 x x  x x x x x x x 

16 x x x  x x x x x x 

17 x x x x  x x x x x 

18 x x x x x  x x x x 

19 x x x x x x  x x x 

20 x x x x x x x  x x 

21 x x x x x x x x  x 

22 x x x x x x x x x  

Table 1: Steric Hindrance and FMO testing (9) 

 

https://www.cytometry.org/public/educational_presentations/Wood.pdf
https://www.cytometry.org/newsletters/eICCS-2-3/article3.php
https://www.cytometry.org/newsletters/eICCS-2-3/article3.php
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1. Tube-1 is an unstained control and does not include any antibody. 

2. Tube-2 to tube-12 is setup for steric hindrance. One tube contains the complete set of 
antibodies, while in the remaining tubes cells are stained using each antibody as single 
stains. The volumes of the sample and reagent should be kept constant.  

3. Tube-13 to tube-22 is for FMO controls. Remove one antibody at a time from a full 10-
color panel.  

4. Select a specimen with cell populations that express positive and negative staining for 
each antibody of the panel. 

5. Stain all tubes using established staining protocol and acquire results on a flow 
cytometer using identical settings.  

6. Compare results from each tube with the fully stained sample. 
 

Review and acceptance criteria: Perform a pairwise comparison of staining characteristics of 
a fully stained sample with singly stained tubes and FMO tubes.  

 

 Verify the performance of each antibody in the fully stained panel. Inspect the staining 
pattern of the antibody on a dot plot for acceptable performance based on the 
expectations. Identify antibody dot-plot showing undesirable staining. Potential 
problems associated with the combination of antibodies stained together is listed as 
follows but not limited to (9): 
 

 Higher or lower than expected staining of target cells by any characterization 
markers that might limit the identification of aberrant staining 

 Interference from other markers 

 Antibody aggregation (commonly seen with APC tandem dyes) 

 Fluorochrome degradation affects especially tandem dyes. If dyes are poorly 
coupled during manufacturing or decoupled due to improper handling and storage 
conditions (e.g., temperature or light exposure), there will be more direct emission 
from the donor fluorochrome at its normal emission wavelength. In the example of 
PE-Cy5, there would be some spillover emission into the PE channel from the 
uncoupled PE (8). Protecting antibodies from direct light by storage in dark bottles 
and removing them from the refrigerator for the minimum time needed for sample 
preparation will limit this breakdown. 

 Non-specific binding - due to autofluorescence, spectral overlap, or undesirable 
antibody binding. Use manufacturer recommended staining buffer when more than 
one polymer dyes (e.g., Brilliant violet) are used in the same panel to mitigate 
staining artifacts caused by the interaction of these dyes.  

 

 If any of the above problems are encountered, repeat testing to confirm if the problem 
is reproducible, re-titrate the problematic antibody if necessary and consider trying 
antibodies from a different vendor, different antibody-fluorochrome conjugate, alternate 
antibody clone and/or isotype. The latter ones should be the last option(s) to test when 
none of the other troubleshooting resolves issues or provides acceptable performance.  

 Acceptance criteria for FMO: Review compensation settings of fully stained normal 
samples to verify if expected results are obtained. The FMO tube is expected to have a 
similar signal intensity to the full panel when one antibody is removed while showing 
no/low signal in the empty channel (i.e., signal return to background). 

https://www.cytometry.org/newsletters/eICCS-2-3/article3.php
https://currentprotocols.onlinelibrary.wiley.com/doi/abs/10.1002/cpim.26
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 Acceptance criteria for Steric hindrance: Compare the MFIs (mean fluorescence 
intensities) and the % positive cells of the relevant populations between the single 
stained tubes and the complete combination. In reality, it is common to have a slight 
reduction in MFI for all fluorochromes in the multicolor combination versus the single-
color tube, therefore, the laboratory should establish acceptance criteria for MFI 
difference (e.g., the difference in MFI should be <0.5 log decade). Statistical analysis 
should include calculating the CV (coefficient of variation) between populations from 
the single antibody tube and the pre-mixed cocktail. The acceptable CV% should be 
within 10% for example. A higher CV of 20-30% is acceptable for a population/antigen 
below 1%. Troubleshooting: If a decrease in intensity is noticed for a given marker, it 
might be due to a couple of reasons: (i) interaction between antibodies or (ii) antibody 
dilution in the presence of highly concentrated other antibodies in a panel. A possible 
solution for both reasons could be to perform sequential incubations for the antibody 
that showed reduced sensitivity and the other antibodies in a panel (4). 
 

3. Validation and Implementation 
 

Method validation simply refers to establishing performance characteristics of an in-house 
Laboratory Developed Test (LDT) or modified In-Vitro Diagnostic (IVD) methods which are 
approved by a regulatory body (FDA or CE Mark) (5). Once the components of the panel have 
been optimized, the panel must be validated prior to implementation in the clinical laboratory 
to ensure that the highest quality data is generated. Modifications to the validated panel such 
as the addition of new antibodies in a panel, changes in the antibody clones, fluorochromes, 
as well as antibodies from a different manufacturer will also require additional validation. The 
steps required for validation are the same for a new or modified flow panel as any other 
clinical laboratory assay: comparison with a gold standard method, determination of 
sensitivity, specificity, reproducibility, reportable range, and reference range (if a panel is for 
quantitative assay), QC procedures, and documentation of antigen and processed specimen 
stability.  
 

Prepare a validation plan that describes all the necessary parameters required during the 
validation. The selection of required validation parameters is based on whether the flow 
assay is qualitative or quasi-quantitative. In addition, the validation plan should also specify 
the acceptance criteria for each of the validation parameters. Detailed descriptions and the 
selection of validation parameters are provided in the following guidelines: 
 

• Validation of Cell-based Fluorescence Assays: Practice Guidelines from the ICSH and ICCS – 
Part V - Assay performance criteria. Wood B, Jevremovic D, Bene MC, Yan M, Jacobs P, Litwin 
V; on behalf of ICSH/ICCS working group. Cytometry Part B 2013; 84B: 315 

• ICCS/ESCCA Consensus Guidelines to detect GPI-deficient cells in Paroxysmal Nocturnal 
Hemoglobinuria (PNH) and related Disorders Part 4 – Assay Validation and Quality Assurance. 
Oldaker T, Whitby L, Saber M, Holden J, Wallace PK and Litwin V. Part B 2018; 94B: 67–81. 

• Flow Cytometry Quality Requirements for Monitoring of Minimal Disease in Plasma Cell 
Myeloma. Oldaker TA, Wallace PK, and Barnett D. Cytometry Part B 2016; 90B: 40–46. 

• CLSI Guideline H62 - The Validation of Assays Performed by Flow Cytometry (15). 
 

On a qualified instrument, the following type of assay validation/verification parameters 
should be considered for panel validation after changes are made. The table below described 
various types of modification to a panel (a modified version of Table A6: Laboratory Initiated 
Assay Revision from CLSI-H62) (15). 

 

https://onlinelibrary.wiley.com/doi/epdf/10.1111/sji.12142
https://www.cytometry.org/web/modules/Module13.pdf
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Type of Modification Intended Use Required Validation Parameters 

Addition of one or more 
new antibodies to an 
existing panel 

Better identification and 
classification/characterization 
of the disease 
 
(Example: Addition of CD26 to a 
T-cell tube or TSLPR to B-ALL 
panel for further classification) 

Qualitative:  

• Accuracy / Trueness (N = 10-20 samples) 

• Specificity / Sensitivity (use data from accuracy) 

• Precision / Repeatability / Reproducibility 

• Analyte stability / Processed sample stability (if relevant) 

• Cocktail stability (if relevant) 

Quasi-quantitative:  

• Analytical and Functional sensitivity (LOB/LOD/LLOQ) 

• Reference range / reportable range (if applicable) 

An antibody of the same 

or different specificity, 
conjugated to a different 
fluorochrome but 
necessitating additional 
changes in the antibody 
panel (because of 
potential compensation 
issues) 

Better identification and 
classification/characterization 
of the disease 
 
(Example: substitution of CD38-
APC-A750 to CD38-PB due to 
significant compensation issue 
to neighboring red laser 
channels) 

Full re-verification is required: Same as above 

An antibody of the same 

specificity, conjugated to 
a different fluorochrome 
without requiring any 
additional changes in the 
antibody panel  

Better identification of the 
disease or New, improved 
fluorochromes are available 
 
(Example: substituting of CD20-
PC7 to CD20-PB) 

• Accuracy / Trueness (N = 20; 5 normal and 15 abnormal) 

• Specificity / Sensitivity - Verification that there is no 

difference in the sensitivity and specificity for the disease is 
required. 

• Additional verification may be required if multiple 

fluorochromes changed in the panel 

An antibody of a different 

specificity to be 
substituted for another 
one with the same 
fluorochrome without 
requiring any additional 
changes in the antibody 
panel (e.g., changing an 
antibody to a 
fluorochrome with no 
compensation issues in 
the panel). 

Better identification and 
classification/characterization 
of the disease 
 
(Example: substituting CD200-
PC7 for FMC-7 PC7 in a B-cell 
panel) 

• Accuracy / Trueness (N = 20; 5 normal and 15 abnormal) 

• Specificity / Sensitivity - Verify that there is no difference 

in the sensitivity and specificity for the disease. 

An antibody of the same 
specificity, but 
representing a different 
clone conjugated to the 
same fluorochrome, 
should be used as a 
substitute. 

Item no longer available or 
better clone selection to 
increase resolution or a less 
expensive alternative is 
available. 
 
(Example: changing of clone 
from W6D3 to MEM158 of 
antibody CD15-PerCPCy5.5) 

Verification that the population is correctly identified 
and ensure the strength of the fluorescent signal is 
either the same or better (if an issue in the separation 
of the target population from other cells with the 
current clone).  

 
• Accuracy / Trueness (N = 10; 5 normal and 5 abnormal) 

• Specificity / Sensitivity - Verification that the sensitivity 

and specificity for the disease is similar or improved. 

One or more markers 
omitted from a validated 
panel. 

For simplification of the 
assay when marker(s) is not 
necessary and not adding 
any value to the clinical 
sensitivity or specificity of the 
assay 

None 

Table 2: Types of modifications to a panel and selection of validation parameters 

 



 
 

Page 10 of 20 

 

4. Examples of Antibody Validation  
 

Example 1: Optimizing CD38 performance in B-cell LPD panel 
 

CD38 incorporated in B-cell LPD panel aids in the detection of aberrant B-cell populations 
and gating of B-cell hematogones and plasma cells in bone marrow aspirate specimens. In 
this introductory example, CD38 PC5.5 is to replace CD38 APC-A750 in a B-cell LPD panel. 
In comparison to CD38 APC-A750, CD38 PC5.5 exhibits superior resolution in the detection 
of aberrant B-cell population due to brighter staining characteristics (Figure 1). 

 

 

Figure-1: The blue population is a kappa monotypic B-cells population detected in PB specimens. Red and 
green events represent background polytypic B-cells population. In comparison to CD38 APC-A750, CD38 
PC5.5 exhibits a superior resolution. 

 
Validation steps: 
 

1. Titration of the antibody. 

2. Optimization of instrument FL4 voltage using normal PB sample stained with CD38 
PC5.5. 

3. Calculation of the compensation matrix. 

4. The reproducibility of the CD38 PC5.5 in the updated panel is calculated by staining 10 
replicates of a good representative sample. The mean, SD and CV are calculated for 
the percentage positive population and expression mean fluorescent intensity (MFI).  

5. Correlation study with current panel using 20 samples including normal and samples 
with aberrant B-cell populations.  
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Example 2: Addition of CD26 to existing T-cell panel 
 

The proposed antibody combination recommended for the detection of Sézary syndrome/ 
Mycosis Fungoides (SS/MF), as described in the International guidelines for the flow 
cytometric evaluation of peripheral blood for suspected Sézary syndrome or mycosis 
fungoides (19) is based on a minimum of 6 antibodies (CD2, CD3, CD4, CD8, CD26, and 
CD45).  Most of these antibodies are already included in the laboratory's general T-cell panel 
except for CD26. This is perhaps the antigen with which many laboratories have the least 
experience, as it is utilized almost exclusively in the context of CTCL. We here show an 
example of a laboratory's process of validating CD26 for the use of MF/SS populations. 

 

 

• Step-1: The antibody clone for CD26 should be carefully selected based on either 
experience from other laboratories and/or extensive in-house testing and validation. 
There are currently not many choices regarding available clones/fluorochromes for this 
antibody and the clones tested in the Guidelines were 4EL-1C7, BA5b, L272 (18), while 
the fluorochromes tested were PE and PerCPCy5 showing adequate staining intensity. 
The example listed below is based on the CD26-PE (4EL-1C7).  

• Step-2: Careful titration and the use of a stain/lyse/wash process may optimize the 
separation between CD26-positive cells and CD26-negative cells. Visual assessment 
and signal to noise (S/N) ratio should show at least a 1-decade log difference.  

 

Figure-2: Titration series of CD26-PE (clone 4EL-1C7) using an unstained sample and a series for different volumes of 

antibody (left to right; 0l, 1.25l, 2.5l, 5l, 7.5l and 20l of antibody). 

 

• Step-3: Once the appropriate amount of antibody (this lab uses 7.5ul/test) and 
acceptability criteria have been determined (>S/N ratio of 10:1), this antibody can be 
introduced into the new panel and the results of the "in use" T-cell panel can be 

Tube FITC PE ECD PC5.5 PC7 APC APC700 APC750 PB KrO 

In use T-cell panel CD2 CD4 CD8 CD3 CD7  CD56  CD5 CD45 

New T-cell panel CD2 CD26 CD8 CD3 CD7 CD4 CD56  CD5 CD45 
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compared to the "new T-cell panel" (with the addition of the CD26). Results for all other 
antibodies should match closely numerically as well as visually. Compensation should be 
checked to ensure that the introduction of the CD26 does not affect the results of the 
other antibodies. 

• Run 20 samples containing several normal donors and various suspected SS/MF cases. 
 

Normal: 

 

Figure-3: Selected plots from the new T-cell tube of a normal patient verifying normal antigen expression, no compensation issues as 
well as no significant absence of CD7/CD26 (0.77% of CD4+ cells)  

Atypical / Abnormal: 

 

Figure-4: Flow cytometric Interpretation and reporting: The T-cells show a marked predominance of CD4+ cells (CD4/CD8 ratio of 33:1) 
including a subset of T-cells (17% of total cells, absolute count of 1,875/ µL) with the phenotype: CD45+, CD2+, CD3+, CD5++, CD7-
negative, CD4+, CD8-negative, and CD26-negative.  Atypical T-cell populations may be seen in reactive conditions and T-cell 
lymphoproliferative disorders such as Sézary syndrome.   
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Example 3: TSLPR (thymic stromal-derived lymphopoietin receptor)/CRLF2 for B-ALL 

 

Cytokine receptor-like factor 2 (CRLF2) expression is frequent in patients with Philadelphia-
like B-ALL (approximately half of the Ph-like B-ALLs) and highly correlated with CRLF2 gene 
rearrangement by FISH (100% concordance). CRLF2 (TSLPR) expression analysis by flow 
cytometry is a useful tool in the triage of all B-ALL for further classification. Flow cytometry 
analysis allows a rapid, inexpensive, and reliable detection of CRLF2 expression in B-ALL (12). 
Since the TSLPR antibody expression on B-ALL blasts can vary from dim to moderate to 
bright, a selection of bright fluorochrome conjugate (e.g., PE or APC) is required. See the table 
below for the selected TSLPR antibody, clone, and fluorochrome for validation.  

 

Antibody Clone Isotype Fluorochrome Manufacturer Catalog # 
Regulatory 

Status 

TSLPR-APC 
eBio1A6 

(1A6) 
IgG2a, 
lambda 

APC eBioscience 17-5499-41 RUO* 

 

*Please note in this example, the TSLPR is an RUO antibody. Many manufacturers will not sell RUO 
antibodies if used for a clinical assay. If a lab can procure RUO antibodies, there may be a risk in such a 
selection due to regulations. Ideally, clinical laboratories should select ASR antibodies. RUO antibodies 
usually undergo a validation by the laboratory as part of the validation process of its LTD assay. 
Laboratories should also be aware that RUO antibodies can have a greater degree of variability in their 
intensity from lot to lot. A QC validation check of each new antibody lot (both RUO and ASR) should be in 
place.  

 
Specificity of TSLPR (CRLF2) 

 
1. The following table provides a list of target populations for TSLPR validation. Stain 

selected samples using established staining protocol and acquire on flow cytometer within 
a validated timeframe.  

 

Antibody Positive Target Negative Target 

TSLPR 
(CRLF-2) 

Precursor cells from B-ALL 
(Philadelphia Like B-ALL) 

Hematogones, T-cells, mature B-cells, 
granulocytes, monocytes 

 

2. The specificity of the TSLPR antibody should be tested using samples known to contain 
normal and/or target population, for example, one normal bone marrow showing 
regenerating B-cell precursors. Since TSLPR is expressed on the neoplastic precursor B-
cells only, one classic case of B-ALL (with known CRLF2 expression) was used to assess 
the positive staining.  
 

3. CRLF2 expression is completely absent in normal B-cells and maturing precursor B cells 
(hematogones). 

  

https://pubmed.ncbi.nlm.nih.gov/28340183/
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Specificity testing 

Case Images 
Staining Index,  
S/N Ratio and  
Log difference 

Normal 
PB 

   

N/A 
 

(Mature B-cells are TSLPR-ve) 

Normal 
BMAS 

   

N/A 
 

(Hematogones and mature B-
cells are TSLPR-ve) 

B-ALL 

   

 
 

(B-ALL cells are TSLPR+ve 
and mature B-cells are 

TSLPR-ve) 

Figure-5: CRLF2 expression was directly assessed on B-lymphoblasts by testing with markers like CD19-ECD, CD10-APC-A750, CD34-PC7, 
CD20-PB, CD45-KO. In normal PB matured B-cells and in normal bone marrow maturing B-cell precursors (hematogones - all stages) are 
TSLPR negative. Other haematolymphoid populations (e.g., granulocytes-orange, monocytes-sky blue, and T-cells-green present in double 
negative quadrants) are also negative for TSLPR. In the B-ALL case (3rd row), the malignant B-cell precursors (red events) are TSLPR positive. 
The log difference in fluorescent intensity between positive and background negative population was greater than one (about 1.50 logs). 
 

  



 
 

Page 15 of 20 

 

Antibody Titration: 

 
Figure-6: Antibody titration of TSLPR: Using stain/lyse/wash protocol, antibody titration was performed using a fresh bone marrow specimen 
from the TSLPR+ve B-ALL case (malignant blast population was ~87%). The final antibody staining volume was kept at 30 µl in all tubes. 
Counterstain antibodies (CD19, CD34, and CD45) were added to each tube for identification and separation of abnormal cells from 
background normal lymphocytes. In the example above for the titration of TSLPR-APC, the SD for the negative population (lymphocytes) can 
be seen to increase 4-fold. For this reason, the SI was used to calculate the optimal volume of antibody - 2.5 µl for staining of B-ALL cells. 

 
Steric Hindrance: 

 

  

• TSLPR gated % difference = 1.4% 

 
• TSLPR Fluorescent Intensity Log 

difference = 0.06 

Figure-7: In the example above, the TSLPR antibody was tested singly and in the cocktail of antibody. No significant difference 
should be observed in the percentage of the gated population, antigen distribution, and fluorescent intensity. 

 
FMO:  
 

An abnormal population should be gated using side scatter, CD45 and CD19 parameters. On 
the remaining dot plots, TSLPR antibody should be assessed against all markers in a panel 
by placing it on Y-axis for comparison with other markers on X-axis. 
 
In the following example, abnormal immature B-cell precursors CD34+CD19+CD45-ve 
events were gated in red and separated from myeloblasts (black events, CD34+CD19-
CD45+) using the CD45/CD19 plot. Mature B-cells are gated blue and other lymphoid cells 
are in green. 
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Fully Stained Sample FMO-TSLPR 

  

Figure-8: FMO-TSLPR tube (right-side images) showed that other markers in a panel provided fluorescent signals similar to the fully 
stained panel when the TSLPR antibody was removed while showing no/low signal in the empty FL-6 channel (i.e. positive signal returned 
to the background). The target population in this sample is abnormal immature B-cell precursors and are gated red. 

 
Accuracy: 

 
Immunophenotyping results of the new TSLPR antibody should be compared with the 
reference method or laboratory running the same marker to verify its performance. Since the 
expression of this marker in B-ALL is rare, it should be sufficient to set up 10 cases in parallel 
(containing several positive and negative cases). Qualitative comparisons should be 
performed to detect the presence or absence of the abnormal population.  
 

CRLF2 is usually expressed in approximately half of the Ph-like B-ALLs and the intensity 
varies from dim to bright. See figure-9 for the variable intensity of TSLPR on B-ALL cells. 
 

TSLPR expressing the variable intensity 

Hematogones (Negative) Negative B-ALL Case Positive Case-1 (dim+) Positive Case-2 (bright+) 

    

Figure-9: In the above examples, CRLF2 expression was completely absent in normal precursor B-cells (hematogones; top left image); the 
levels of CRLF2 expression in precursor B-acute lymphoblastic leukemia (B-ALL) was varied, ranging from negative (top right) to dim+ 
(case 1; bottom left, MFI: 4.88) to bright+ (case 2; bottom right, MFI: 18.28). Regardless of expression intensity though, the expression 
levels are always distinct from the internal negative controls (see mature B-cells in blue, T-cells in green and Granulocytes in orange). 
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Sensitivity and Specificity: 
 
The TSLPR antibody should be able to detect and separate an abnormal population from a 
normal. Qualitative data from the accuracy experiment are first reviewed in a concordance 
table. The same data can then be used to calculate overall concordance, sensitivity and 
specificity parameters using the following calculations.  
 

• Overall concordance = (TP + TN / Total cases) x 100 

• Diagnostic specificity = [TN ÷ (TN + FP)] x 100 

• Diagnostic Sensitivity = [TP ÷ (TP + FN)] x 100 

[TP=true positive; TN=true negative; FP=false positive; FN=false negative] 

 
 
Antigen Stability: 
 

It is common that certain markers or cellular subsets may be lost or altered during the storage, 
shipment and/or processing of the sample for flow cytometry analysis. If the new marker is not 
familiar to the laboratory staff, the stability study to determine the stability of antigen over time 
and after processing must be done and documented in the validation report. 
 

a) Stability of antigen expression over time: 
 

TSLPR antibody should be tested longitudinally using a fresh bone marrow specimen (within 6 
hours of collection) of strong TSLPR-positive B-ALL cases as a baseline and again after 24- 
and 48-hours post-collection for example. Samples should be acquired within two hours of 
processing for each run. The percentage change and CV of the malignant population, as well 
as the fluorescent intensity of TSLPR antigen expression on B-lymphoblasts from 24 and 48-
hour processing, should then be compared with baseline results. 
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b) Antigen stability on processed specimen: 
 
The stability of processed samples should also be evaluated to determine how long the 
antigen is stable after processing samples and how soon processed samples need to be 
acquired on the instrument. Selected processed samples should be acquired within <2 hours 
of staining (baseline) and at relevant various intervals thereafter (e.g., 12- and 24-hours post-
processing). Processed specimens must be kept at the same conditions to be used in practice, 
i.e., at 4oC and in the dark. Compare CV of the malignant population and the MFI of TSLPR 
antigen expression on B-lymphoblasts from various time points with a baseline as described 
above. 

 

   

 
Acceptance criteria for antigen stability: (i) Stability is established at the latest time point where 
a <20% change in population frequency between baseline and individual time point (ii) 
Changes in the fluorescent intensity levels of TSLPR antigen expression should be <0.5 log 
decade difference from the baseline. (iii) Loss of antigens (or staining in case of the processed 
specimen) due to specimen age should be assessed and registered in the validation report. 

 

5. Quality Control 
 
Reagents that are used in clinical laboratory services shall not be used until their optimal 
performance is verified. The performance of new lots or shipments of antibody is recommended 
to be compared in parallel with old lots before placed into service to ensure that the new reagent 
lot provides a clinically comparable result to the old reagent lot. 
 
Quality controls are an integral part of every laboratory assay as they "control" the overall assay 
performance including instrument settings, antibody performance, and specimen preparation. 
Commercially available QC material or patient samples submitted for hematopoietic malignancy 
(e.g., bone marrow, peripheral blood, tissue) usually contains a proportion of normal cells that 
can be used as controls to verify antibody performance. 
 
Evaluation of performance characteristics can be based on mean fluorescent intensity (MFI) of 
the positively stained populations (e.g., CD45 when antigen negative population is not readily 
available) or signal/noise ratio (when antigen-positive and antigen-negative cells are present 
within the same population. e.g., CD3/CD19 or a different population, e.g., CD14 
monocytes+/lymphocytes-). For heterogeneously expressed antigens e.g., CD38, the percent of 
positive cells could also be considered. If the "new" lot number displays different fluorescent 
intensities than that of the current "in use" lot, then a titration must be done to achieve 
comparable results.  
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Summary  
 

Since antibody reagents are the key components of multiparametric flow cytometry analysis, 
their quality performance must be assessed prior to placing them into service for patient use. 
Once the performance is established the antibodies should be validated with known normal and 
abnormal specimens to provide documented evidence that it fulfills the specified requirements 
of the assay. For reproducible flow cytometric analysis, the antibodies must perform flawlessly 
and there should be a mechanism in place to verify and validate the performance of antibodies, 
which ensures only reagents that work well are used, and antibody reagents that failed those 
expectations are removed from the workflow.  
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