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dual light-chain expression. If that is the case, “blocking” the
Fc binding sites with excess non-fluorescent-labeled IgG anti-
bodies will reduce or eliminate the nonspecific antibody interac-

tions.
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After working in the field of clinical flow cytometry for
many years,] still continue wondering at its ever changing and
evolving nature. Like everything else, clinical flow cytometry
comes a long way, and I am sure will keep changing, impro-
ving.and evolving. Looking back, we see many changes made:
new immuno-markers discovered, manufactured, and applied to
clinical practice; new instruments developed and put into mar-
ket; new recommendations proposed; and test methods stand-
ardized and improved. Along the way, the flow cytometry has
gained undeniable popularity and has become a standard prac-
tice in diagnosing diseases.guiding and monitoring treatment in
hematopoietic neoplasia such as leukemia and lymphoma.

1 Panel selection

Focusing on the topic of leukemia panel design, antibody

selection and fluorochrome choice, I have reviewed a few well

J[1-4]

known published papers-'™' ,and also the leukemia panels from

our own flow lab.to get a better understanding of the rationali-

panel setup
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ty in why there is variation among clinical labs in panel design.
Up to this point,there is not yet a standard panel for acute leu-
kemia diagnosis regardless of many attempts of recommenda-
tions and proposals by international and national experts in the
field. The reason for this variation I believe is because different
labs operate under different circumstances, which lead them to
take different approaches to reach the same goal of providing an
accurate diagnosis. In general, there are three types of approa-
ches in current practice; comprehensive panel, minimal screen
panel,and directly disease oriented panel. Each has its pros and
cons and has its rationality.

Comprehensive panel consists of large panel of reagents to
include all cell lines and used in the diagnosis of both leukemia
and lymphoma. It tends to be used in reference labs which usu-
ally do not have sufficient accessibility to patient information
and morphology of the samples. This approach provides exten-

sive immunophenotyping information, saves time to almost e-
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liminate any add on tests, and produces a faster turnaround
time. However it is expensive and costly, especially under the
current challenging economical situation. Meanwhile some in-
formation derived from this approach may be wasteful in the
sense of irrelevant to clinical needs and indications.

Minimal screen panel,on the other hand, consists of rela-
tively small number of reagents,includes only the core reagents
and often needs add on tests for further diagnosis. This ap-
proach appears to save money, but with additional time and rea-
gents, the final cost is not a lot less expensive. In fact only
small percentage of labs in the survey indicate they follow this
approach!?),

The third approach is the directed or targeted approach. It

is based on the clinical indications, including patient medical

history, morphology of the sample, and other relevant informa-
tion from referring clinicians. In this case the selected reagents
are used to confirm or classify a disease already suspected or di-
agnosed. Many hospitals-based clinical flow labs take this ap-
proach due to its readily availability of patient information and
other clinical correlation tests, easy access and communication
with referring physicians, easy access of morphology of sam-
ples. With this direct approach, relatively fewer reagents are
used therefore lower cost. Our own clinical lab takes this ap-
proach because we can satisfy all of above conditions. Our six-
color leukemia panel (Table 1) includes the core lineage mark-
ers and other supplementary, differentiation markers which we

consider as necessary for the diagnosis of acute leukemia.

Table 1 Leukemia panel design
Flurochrome
Tube No. Purpose
FITC PE PER-CP cy5.5 PE cy7 APC APC-H7
Tube 1 IgG1 1gG1 IgG1 IgG1 1gG1 IgG1 Isotype control
Tube 2 CD7 CD5 CD3 CD4 CD8 CD45 T cell lineage.maturation stage
Tube 3 CD15 CD117 CD19 CD10 CD20 CD45 B cell lineage, maturation stage
Tube 4 CD14 CD33 HLA-DR CD13 CD34 CD45 Myeloid differentiation
Tube 5 CD71 CD56 CD64 CD38 CD11b CD45 Others

In my opinion a panel should be constructed based on the
clinical needs, especially when cost is of concern. Our panel
puts more emphasis on acute myeloid leukemia ( AML) since
our patient base (over 90% of all the leukemia) is mainly adult
leukemia patients. By not including relatively irrelevant markers
to AML diagnosis such as TDT, cytoplasmic CD3, surface im-
munoglobulin, we are cutting the cost of technologist’s time and
the cost of reagents. Meanwhile, it will not fail to flag acute
lymphoid leukemia (ALL) or biophenotipic leukemia. Whenev-
er there is indication of acute B or T lymphocytic leukemia, it
will be reflected by current panel, additional markers such as
surface immunoglobulin and TDT, cytoplasmic CD3,CDla can
be added accordingly. If there is indication of megakaryocytic
leukemia,CD41,CD42b,CD61 will be performed. Furthermore,
if there is indication of biphenotipic or mixed lineage popula-
tion, additional marker such as myeloperoxidase and cytoplas-
mic CD79a, cytoplamic CD22 will be added to confirm the line-
age and maturation stage.

In summary,so far there is no standard panel for every lab
to follow, but the general guideline as what and how many of
markers should be included do exist and remain the same. It is a
general agreement that the number of reagents included in an a-
cute leukemia panel is about 20 to 24", which sufficiently al-
lows for the recognition of all the major types (if not all types)
of abnormal population and its normal counterparts as an inter-
nal control. However it is still up to the individual laboratory to
make decision as to what and how much antibody to use in their

panels. Personally I agree with the guidelines proposed by 2006

Bethesda International consensus and US-Canadian Consensus
that the panel should be broad enough to not miss any diagnosis
and sometime not waste any antibody.
2 Panel constructions

The construction of a successful leukemia panel is a com-
plex process and depends upon many factors:
2.1 The availability of instrument, monoclonal antibody and
corresponding flurochrome conjugates.
2.2 The knowledge and experience of the personnel responsi-
ble to construct such panel. Their technical knowledge about
the instrument, the flurochromes and related CD markers are
critical to properly set up the test. Their professional knowl-
edge of cell development and maturation is the key to guild the
panel construction. It is well known that an improper instru-
ment setting will lead to false negative and false positive re-
sults. In this regard, there are a few basic principles that must
be well understood and followed when one constructs a panel.
2.2.1 Knowing the stain index of CD marker, knowing the
characteristic performance of each fluorochorme channel, and
matching the brightest flurochrome with the dimmest possible
antigen expression It is always good to become familiar with
which CD marker has dim expression. It is now well documen-
ted that CD7,CD10,CD11B,CD13,CD23,CD33,CD117. CD64
should be tagged with most bright flurochromes phycoerythrin
(PE) or allophycocyanin( APC)H.
2.2.2 Always keeping signals in linear range®  Since line-
arity is important in fluorescence compensation and quantitative

measurements, It is known that the compensation of data in the
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last decade involves subtraction of large numbers and a non-lin-
ear error can cause a large absolute error in the result. The rule
to follow is: run brightest stained sample for each channel and
If the population is off scale,lower PMT voltage to bring signal
in range.

2.2.3 Minimize spillover from bright population into the de-
tector requiring high sensitivity for those cell populations™>*

It is not hard to understand that an increased optical back-
ground from other fluorochrome (spillover) will decrease the
resolution of the signal, therefore causing possible population
loss. Knowing the performance character of each florescence
channel, knowing each CD marker’s stain index,one can balance
and match the color with CD marker accordingly. One strategy
is to spread or move marker to other channel which is excited
by other laser. Example is to move CD marker in the PE chan-
nel to APC channel to minimize the large amount of spillover
from Fitc when the antigen in PE channel requiring high sensi-
tivity and the signal from Fitc is very strong.

2.2.4 Using tandem dye with consideration of their technical
limitation Knowing tandem dye such as APC cy7 and PE cy7
can degrade with exposure to light, temperature and fixation, it
is recommended to avoid espousing to those conditions when
preparing samples.

2.3 To include a common marker such as CD45 in each tube
to follow the population of the interesting. The CD45 versus
Side scatter has been proven to be a very powerful tool to sepa-
rate and gate different hematopoietic populations; furthermore,
to use linear specific marker such as CD19 or CD3 as gating
markers,combining maturational marker such as CD 20,CD10
for B cell and CD4 and CD8 for T cell, to further characterize
the cell and cell subset.

2.4 Controls for validating your panel. There are two types of
controls that are recommended: FMO control (fluorescence mi-
nus one) and fidelity control. FMO control combines all the re-
agents in the tube except the one of interest. This control
serves as a gate to delineate the positive and negative for that
particular reagent. Fidelity control is using the given antibody

by itself,and comparing the result to the use of that antibody in

the complete cocktail tube. By doing so.,you can see the effect
of other reagents on that particular reagent. Once the reagent

validated, it is not necessary to run those
[7]

panel has been well
control on a daily basis

In summary,there is no standard acute leukemia panel for
every lab to follow at this point, but there are general guidelines
of what and how many markers to include. As for how to con-
struct a multicolor reagent panel there are also some critical
rules to consider and to follow. In general, it is a complex
process and requires broad spectrum of knowledge of the in-
strument, fluorochrome, CD markers and a good understanding
of cell maturation and differentiation. With many trials and er-

rors.it is possible to build a sound.,multicolor panel.
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