FLOW CYTOMETRY

CyAn™ ADP

with 9 Colors, 12 Parameters

Detection of minimal residual dis-
ease (MRD) in acute leukemias,
especially for acute lymphoblas-
tic leukemia (ALL), is not only

of paramount importance for

risk assessment and stratifica-
tion of therapy but also for the
understanding of the biological
processes underlying treatment
response. The mainstay of MRD
detection has been the amplifica-
tion of leukemia specific IgH-rear-
rangements by polymerase chain
reaction (PCR) with a sensitivity of
10 -107%. Although more sensitive
than FCM-MRD, molecular meth-
ods are very laborious, slower and
much more expensive. In many
laboratories, multiparameter flow
cytometry immunophenotyping
has been utilized for MRD detec-
tion as well, but detection limits in
most approaches are somewhat
lower than with PCR (103-10).
Flow cytometry comprises all

the technical features needed for
the detection of rare events, and
with the implementation of new
technologies the CyAn ADP LX

9 Color flow cytometer provides
the technical platform to increase
sensitivity, speed and reliability of
FCM-MRD detection.

Materials and Methods

Setup and Compensation. Single stainings
were performed for each fluorescence chan-
nel as described below with the mAbs of the
Panel using a normal buffy coat. Negative
controls for FL-1 SYTO® 16 unstained cells
were added after the staining and shortly
before acquisition. Compensation was set
off and the PMT voltage for each fluores-
cence channel was adjusted in such a way
that unstained cells were positioned in the
first log-decade. CompBeads were stained
with each of the mAbs as described by the
manufacturer. Subsequently, negative con-
trol beads were added and the tubes were
analyzed in sequence with the same PMT
settings. Negative and positive beads were
defined for each fluorescence channel by
gating and the compensation matrix was cal-
culated. Samples were acquired afterwards
without changing or adjusting the accom-
plished instrument setting. A gating strategy
has been developed that permits the removal
of the majority of non lymphocyte events,
allowing easier identification of the lympho-
cyte populations and their sub sets.

Cell Preparation and Staining. Heparinized
blood and bone marrow specimens from
patients with precursor B cell acute lympho-
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blastic leukemia (PBC-ALL) were collected at
various time points during treatment to assess
blast reduction kinetics and minimal residual
disease. 7 x 10° — 3 x 10° cells were stained
with monoclonal antibodies using 2 pL of
mAb/10° cells and the nucleic acid stain
SYTO 16 according to the panel in Table 1.
The tube was vortexed gently and incubated
for 10 minutes at room temperature. After-
wards whole blood lysis was performed with
FACS Lysing Solution as described by the
manufacturer. After centrifugation for 5 min-
utes with 300 x g, cells were washed once
with 5 mL of phosphate buffered saline (PBS)
vortexed and pelleted again by centrifuga-
tion. After re-suspension in 0.5 mL of PBS,

3 x10° -1 x 10° cells were acquired.

Analysis and Gating Strategy

The complete nine color analytical matrix is
represented by 36 bivariate dot plots. With
addition of FSC and SSC and the cell doublet
discriminating parameters pulse area and
pulse width of the forward scatter signal 39
bivariate dot plots are needed to visualize

all parameters. Eight of these dot plots that
enabled the best discrimination between
residual blast cells and remaining normal
B-cells in the sample were chosen for gating.

Table 1

Panel BCP-ALL MRD on CyAn ADP LX 9 Color
FITC PE ECD PC5
cD SYTO16 cD10 CD45 CD13/33

PC7 PB cY APC APC-Cy7
CD34 CD19 CD3 CD58 CD20




The following hierarchical gating strategy
(Table 2) is used to define:
1. SYTO 16+ nucleated cells excluding
doublets (Figure 1).
2. Enumeration of CD19+ cells (Figure 1).
3. Differentiation between MRD+ blast cells
and normal regenerating B cells
(Figure 2 and 3).
4. CD19-/CD34+ - progenitor cells
(Figure 2 and 3).
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Figure 1

Gating Strategy | - Enumeration CD19+ NCs / Exclusion of doublets
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Gating strategy Il - Discrimination of MRD+ blast cells and normal B cells
ALL-BFM 2000 Protocol: d15 of treatment
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Figure 3

Gating strategy Il - Discrimination of MRD+ blast cells and normal B cells

ALL-BFM 2000 Protocol: d33 of treatment
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Results

Residual leukemic blast cells defined by the
gate MRD+ blasts (Table 2) are depicted as
red dots in Figures 2, 3 and 4. Quantification
of residual blast cells is calculated according
to the white blood cell count (WBC/ul)

and the percentage of cells within the

SYTO 16 - gate R1. On day 15 after the first
two weeks of chemotherapy, 549 blasts/uL
are still present in the bone marrow. After

a further two weeks of treatment on day

38, three blasts/uL remained (Figure 4).
Importantly, gates have not been changed or
moved between day 15 and day 33 analyses.

Discussion

The sensitivity of MRD detection with FCM
depends to a great extent on the number of
cells acquired and the reliable characteriza-
tion of the leukemia associated immunophe-
notype, especially the differentiation between
normal regeneration, normal B cells and the
residual leukemic cells. With this approach of
nine colors, 12 parameters in one tube, both
sensitivity and reliability of MRD detection are
increased, overcoming the drawbacks of the
conventional method of sequentially acquiring
four-color stainings in three to four tubes. The
sample does not need to be aliquoted in four
separate tubes; instead, all cells of the sam-
ple can be analyzed in one tube, enabling
three to four times more cells to be acquired
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with one staining. Furthermore, the analysis of
nine colors in one tube offers the possibility
to combine more parameters crucial for the

detection of MRD blast cells.
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FCM-MRD Results
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> For compensation of the FL-1 channel with SYTO 16 it is essential to add unstained
cells shortly before acquisition in order to have a negative control population.

> The current approach generates large FCS files with 1 x 10° events acquired. This
requires fast computers with a large memory; otherwise analysis will be very slow

and tedious.
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