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Cell and Gene Therapy

Know Your Instrument 
Knowing the capabilities of your instrument is key to deciding how to 
proceed with panel design. Most commonly, cytometers have three 
or more lasers, selected from ultraviolet (355 nm), violet (405 nm),  
blue (488 nm), yellow (561 nm), and red (640 nm). Additionally, 
configuration is determined by the number and specification of light 
filters and detectors. Collectively, these components determine 
the maximum number of fluorescence parameters that can be 
assessed simultaneously, and which fluorophores can be used. 

Most flow cytometers use spatially separated lasers. In these 
systems each laser has an array of detectors associated with it.  
First, identify which detectors are associated with each laser. 
Next, look at the filters associated with each detector. They will 
usually have the format XXX/YY, where XXX refers to the median 
wavelength of light that is allowed to pass through the filter 
(measured in nm) and YY refers to the difference between the 
minimum and maximum wavelengths that can pass through the 
filter. For example, a filter marked 525/50 will allow light to pass that 
has a wavelength between 500 and 550 nm. Alternatively, filters 
may be marked in the format XXX/LP or XXX/SP. Here XXX refers 
to a wavelength, LP denotes long pass, meaning that light with a 
longer wavelength than XXX is allowed to pass, and SP denotes 
short pass and describes the opposite situation. When choosing 
dyes, the optimal excitation and emission wavelengths should be 
matched to a laser and a filter, respectively, that you have available 
on that detector array. Often, it will not be possible to match these 
up exactly; however, using a spectra viewer will help in deciding 
which laser/filter/dye combinations are likely to work.

Use the Right Combination of Fluorophores
When choosing fluorophores, individual properties should be 
taken into consideration to maximize data quality. Fluorophore 
compatibility depends on the excitation and emission profiles 
as well as relative brightness. The combination of these factors 
determines the degree of spectral overlap. When the emission 
spectra of two fluorophores overlap, the light from one fluorophore 
can spill over into the detection frequency of the other. 

Spectral overlap in multicolor panels can be corrected using 
fluorescence compensation, a means of ensuring that the 
fluorescence detected in a specific detector is derived from the 
fluorophore that is being measured. Compensation values can be 
determined using a selection of controls, taking into consideration 
the fluorescence properties of each individual fluorophore. For 
instance, a panel of samples or antibody binding beads stained 
with each individual dye can reveal the level of spectral overlap 
between different fluorophores. Similarly, fluorescence minus  
one controls, composed of the experimental cells stained with 
all the fluorophores except one, can help determine the gating 
boundaries of a multicolor panel by allowing assessment of the 
fluorescence spread. 

Selection of dyes with narrow excitation and emission profiles 
reduces the potential for spillover. In the case of using a single 
laser for excitation, spillover can be reduced by using dyes that 
have large differences in their Stokes shift, which is a measure 
of the difference between the maximal excitation and emission 
wavelengths of a dye. If multiple lasers are available, then utilizing 
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dyes that have large differences in their excitation wavelength — 
meaning they are excited by one laser but not the other — will 
vastly reduce spillover in an instrument with spatially separated lasers. 

To ensure reproducible results, fluorescent dyes should be 
conjugated to well-validated flow antibody clones and produced 
using robust methods to ensure minimal lot-to-lot variation. 
Fluorophores that are resistant to photobleaching and highly 
stable with no loss of signal in fixation are also key to maintaining 
consistent staining. Furthermore, selecting fluorophores that 
do not require special staining buffers, and can be integrated 
into common experimental protocols without compromising 
performance, offer a more cost- and time-effective option.

Consider Antigen Density and Marker Expression Patterns
Taking into consideration the antigen density on a particular cell 
type and marker expression profile when choosing fluorophores 
can also help to reduce spillover. Fluorophores with the brightest 
stain index are best used when detecting rare subsets of cells or 
cells with low marker expression while dimmer fluorophores are 
better suited for detecting abundantly expressed markers. 

The effects of spillover and spread can also be minimized by using 
closely overlapping fluorophores to detect mutually exclusive 
markers, such as CD3 and CD19.  Fluorophores with little or no 
overlap should be used for cell subset markers expressed on a 
common cell type, for example, on T helper cells such as Th1 and 
Th2, or for markers displaying continuous expression patterns, 
such as activation markers (for example, CD28).   

Similarly, the parent descendant rule should be applied when 
multiplexing. In this case, spillover from a subpopulation 
(descendant) into the gating marker (parent) may not have an 
impact on data quality as they both express the same marker. For 
instance, CD4 fluorescence, which indicates the presence of CD4 
found on the surface of T helper cells, can spill over into a CD3 
channel detecting T cells. Because both T cells and descendant  
T helper cells express CD3, spillover is less problematic.

Perform Antibody Titration Assays
Antibody titration is an important step to avoid excess antibody 
binding, which typically causes background fluorescence that 
results in reduced data quality. The stain index is defined as 
the difference between the median fluorescence intensity of 
the positive and negative populations divided by two times the 

standard deviation of the negative population. This can be used 
to determine the optimal antibody concentration for a specific 
sample. Setting up a dilution curve and looking for the point at 
which a high stain index is achieved with the minimal amount of 
antibody will result in effective staining with the least possible 
background fluorescence. 

Create Dump Channels
If particular cell populations are of no interest to the experimental 
design, a dump channel can be created and used to ignore all 
unwanted cells. When attempting to detect rare cells, such as 
hematopoietic stem cells, all other cells can be stained with a 
specific fluorophore and excluded from the study. A dump channel 
can also be used to exclude dead cells from a population when 
utilizing a viability stain. This will have the effect of reducing signal 
from nonspecific staining of dead cells and improve data quality. 

Panel Design Made Easier with Online Tools 
Employing helpful online tools can make the process of complex 
panel design easier and reduce the risk of choosing incompatible 
reagents and instruments. Specifically, panel building websites 
can streamline panel design, taking into consideration instrument 
configuration and capabilities. Other tools, such as spectra 
viewers, will provide information on the amount of spillover and 
excitation by each laser and reveal any compatibility issues 
between fluorophores. Relative brightness tables can help pair 
fluorophores with specific targets, and interrogating marker 
expression data can help determine expression patterns prior to 
choosing a fluorophore.  

When attempting to work with a complex, multiparameter panel, 
it is important to take into account key considerations regarding 
instrument capabilities, fluorophore properties, and sample 
availability, as well as quality and antibody function. Figuring the 
best way to perform your experiment might require several design 
and optimization steps but following these tips can help make the 
process easier, less time consuming, and more cost efficient. 
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