
Validation of a Flow Cytometry Assay for Quantitative Assessment of CD123 in 

AML and MDS

Introduction

CD123 (IL-3 receptor alpha) is highly expressed on leukemic blasts and leukemic stem cells in acute myeloid leukemia (AML) and myelodysplastic

syndromes (MDS) and represents an important biomarker for disease characterization and therapeutic targeting.

We validated a 12-color, 3-tube (stain/lyse/wash) flow cytometry assay for quantitative assessment of CD123 expression in bone marrow aspirates

(BMA) on BD FACSLyric instrument. The assay incorporates a fluorescence-minus-one (FMO) control and bead-based calibration to enable

standardized quantification of CD123 using molecules of equivalent soluble fluorochrome (MESF).

Panel Configuration (BD FACSLyric instrument)

The assay demonstrated robust identification of blast populations, with CD123 expression detected in the majority of blasts (>65–95% in high-burden samples) and minimal background signal (<2% in controls).

Precision for primary populations met acceptance criteria, with most intra- and inter-assay coefficients of variation ≤25%, and inter-operator variability typically <10%. CD123 expression levels ranged approximately 

from 1,100 to 2,500 MESF across blast and stem cell populations. Increased variability was observed in rare populations (<5% of parent or <100 events), where %CV often exceeded 35%.

Samples remained stable for key parameters for 96 hours, with ≤20% deviation for major populations.

Clinically, this assay enables standardized and reproducible quantification of CD123, supporting its use in patient stratification, pharmacodynamic monitoring, and evaluation of CD123-targeted therapies. 

Limitations in low-frequency populations should be considered when interpreting minimal residual disease or rare subset analyses.
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BLAST CELL POPULATIONS

all as % leuko.

Blast Cells CD2/7/56+ CD11b+ CD14+ CD24+

CD33+ CD34+ CD38+ CD117+ HLA-DR+

CD123 EXPRESSION ON BLAST CELLS AND SUBTYPES

each as % + MESF

CD123+ CD123+CD11b+ CD123+CD14+

CD123+CD33+ CD123+CD34+ CD123+CD38+

CD123+CD117+ CD123+HLA-DR+

PATIENT-SPECIFIC PHENOTYPE  (PSP)*

% leuko. ± MESF

Blast Cells, PSP CD123+ Blast Cells, PSP

Marker-positive populations are reported on the blast cell gate. CD123 subsets are 

reported as % of the marker-positive parent and as CD123 density in MESF 

(Quantibrite  PE). CD123+CD11b+, CD123+CD14+, CD123+CD38+ and CD123+HLA-

DR+ were validated but are not shown in the results tables.

* PSP is used as a surrogate for Leuklemia Associated Immuno Phenotye (LAIP).

VALIDATION PARAMETER SAMPLES MATERIAL EXPERIMENTAL DESIGN

PRECISION & VARIABILITY 4 AML/MDS BMA, procured (BioIVT, UK)
4 runs × 3 replicates (2 operators × 2 

instruments)

STABILITY 6 AML/MDS BMA, procured (BioIVT, UK)
5 time points (24–96 h), room temperature, 

singlets, one operator

BMA collected in sodium heparin and shipped at ambient temperature; processed on receipt by stain/lyse/wash and acquired on two BD FACSLyric  instruments. 

Acquisition software: FACSuite  v1.5.  Data analysis software: De Novo  FCS Express  v7.

Repeatability

≤25% CV
intra-assay · 30–35% rare/dim

Reproducibility

≤25% CV
inter-assay · 30–35% rare/dim

Inter-operator

≤20%
difference of grand means

Stability

≤20%
change, in ≥80% of samples · ≤35% low 

MESF

CALCULATIONS

%CV = (SD / Mean) × 100    ·    overall %CV = √(mean of CV²)    ·    % difference =      Grand mean₁ − Grand mean₂     × 100

                                                                                  (average of Grand mean₁ and Grand mean₂)

% change = Time pointₓ − baseline × 100    ·    MESF = 10^[log₁₀(MFI) × slope + intercept]

                   Baseline

Acceptance criteria per CLSI H62 guideline (2021). Rare / dim = <5% of parent or <100 events;  MESF from Quantibrite  PE bead regression <400. 

REPORTABLE UNIT MEAN SAMPLE 1* MEAN SAMPLE 2* MEAN SAMPLE 3 MEAN SAMPLE 4

BLAST CELL POPULATIONS

Blast Cells % leuko. 7.51 5.61 / 11.51 42.35 1.97 / 5.16 87.22 0.12 / 0.23 58.20 1.18 / 2.90

CD2/7/56⁺ Blast Cells† % leuko. 0.49 11.84 / 25.46 35.24 2.29 / 6.74 84.59 0.25 / 0.33 42.79 2.31 / 4.87

CD33⁺ Blast Cells % leuko. 6.37 6.18 / 17.16 41.88 1.96 / 5.21 39.04 1.49 / 3.67 16.63 1.56 / 3.45

CD34⁺ Blast Cells % leuko. 1.38 7.67 / 19.22 42.01 2.00 / 5.24 83.74 0.12 / 0.30 55.47 0.97 / 3.26

CD38⁺ Blast Cells % leuko. 6.23 6.03 / 12.58 41.61 1.95 / 5.26 82.44 0.16 / 0.33 56.85 0.98 / 3.10

CD117⁺ Blast Cells % leuko. 2.60 5.48 / 5.98 7.01 3.27 / 12.56 75.97 0.44 / 1.20 22.93 0.74 / 2.49

HLA-DR⁺ Blast Cells % leuko. 7.06 6.05 / 12.06 39.13 1.89 / 5.94 28.13 1.32 / 3.68 56.64 0.99 / 3.05

CD123 EXPRESSION

CD123⁺ Blast Cells % leuko. 0.79 6.05 / 21.02 42.06 1.96 / 5.21 85.02 0.14 / 0.52 41.16 1.68 / 3.83

CD123⁺ Blast Cells MESF 1621.70 8.82 / 24.37 1835.83 0.60 / 2.21 1829.62 0.39 / 1.56 1569.80 0.52 / 1.30

CD123⁺CD33⁺ Blast Cells % CD33+ Blasts 11.58 8.41 / 33.60 99.52 0.03 / 0.05 97.92 0.05 / 0.19 84.69 0.27 / 0.45

CD123⁺CD33⁺ Blast Cells MESF 1729.05 10.36 / 22.56 1848.60 0.60 / 2.15 1989.66 0.45 / 1.86 1825.77 0.96 / 1.50

CD123⁺CD34⁺ Blast Cells % CD34+ Blasts 39.19 5.38 / 14.05 99.38 0.03 / 0.05 98.04 0.07 / 0.26 72.45 0.77 / 1.69

CD123⁺CD34⁺ Blast Cells MESF 1524.15 13.47 / 24.71 1836.43 0.63 / 2.22 1850.92 0.39 / 1.53 1595.39 0.59 / 1.20

CD123⁺CD117⁺ Blast Cells % CD117+ Blasts 12.48 9.78 / 8.60 99.29 0.09 / 0.07 97.85 0.07 / 0.26 40.95 2.34 / 4.91

CD123⁺CD117⁺ Blast Cells MESF 1436.87 15.02 / 8.24 2006.97 1.73 / 1.76 1789.24 0.45 / 1.72 637.55 2.53 / 4.30

PATIENT-SPECIFIC PHENOTYPE

Blast Cells, PS phenotype (PSP) % leuko. 0.60 11.15 / 19.84 41.28 1.99 / 5.25 81.90 0.17 / 0.73 41.22 0.83 / 3.86

CD123⁺ Blast Cells, PSP % leuko. 0.36 14.11 / 20.83 41.12 2.00 / 5.28 80.36 0.16 / 0.80 26.49 1.76 / 4.97

CD123⁺ Blast Cells, PSP MESF 1152.52 16.21 / 16.02 1852.95 0.65 / 2.18 1848.94 0.40 / 1.25 1400.78 0.79 / 1.44

REPORTABLE UNIT SAMPLE 1* SAMPLE 2* SAMPLE 3 SAMPLE 4

BLAST CELL POPULATIONS

Blast Cells % leuko. 16.21 8.76 0.25 1.98

CD2/7/56⁺ Blast Cells† % leuko. 8.43 11.18 0.04 7.06

CD33⁺ Blast Cells % leuko. 20.09 8.86 3.16 3.74

CD34⁺ Blast Cells % leuko. 15.31 8.92 0.25 1.86

CD38⁺ Blast Cells % leuko. 19.27 8.95 0.41 1.62

CD117⁺ Blast Cells % leuko. 9.11 13.56 1.63 0.29

HLA-DR⁺ Blast Cells % leuko. 17.11 10.06 0.54 1.60

CD123 EXPRESSION

CD123⁺ Blast Cells % leuko. 0.42 8.86 0.43 4.41

CD123⁺ Blast Cells MESF 3.11 3.55 1.06 1.72

CD123⁺CD33⁺ Blast Cells % CD33+ Blasts 20.53 0.06 0.15 0.14

CD123⁺CD33⁺ Blast Cells MESF 2.61 3.44 0.43 0.44

CD123⁺CD34⁺ Blast Cells % CD34+ Blasts 17.63 0.07 0.09 2.88

CD123⁺CD34⁺ Blast Cells MESF 7.40 3.57 0.99 1.42

CD123⁺CD117⁺ Blast Cells % CD117+ Blasts 4.66 0.07 0.01 8.29

CD123⁺CD117⁺ Blast Cells MESF 2.51 2.58 1.88 7.05

PATIENT-SPECIFIC PHENOTYPE

Blast Cells, PS phenotype (PSP) % leuko. 3.64 8.99 0.81 1.06

CD123⁺ Blast Cells, PSP % leuko. 11.93 9.04 0.87 5.04

CD123⁺ Blast Cells, PSP MESF 15.41 3.45 0.96 1.85

REPORTABLE FINAL REPORTABLE FINAL

BLAST CELL POPULATIONS CD123 EXPRESSION

Blast Cells % 48h CD123⁺CD33⁺ % par 96h

CD2/7/56⁺ % 96h CD123⁺CD33⁺ MESF FAIL

CD33⁺ % 96h CD123⁺CD34⁺ % par 96h

CD34⁺ % 72h CD123⁺CD34⁺ MESF 72h

CD38⁺ % 72h CD123⁺CD117⁺ % par 72h

CD117⁺ % 96h CD123⁺CD117⁺ MESF 72h

HLA-DR⁺ % 72h PATIENT-SPECIFIC PHENOTYPE

CD123 EXPRESSION Blast Cells, PSP % 48h

CD123⁺ % 72h CD123⁺ , PSP % 96h

CD123⁺ MESF 72h CD123⁺ , PSP MESF 24h

Precision — Repeatability and Reproducibility

Each cell: repeatability / reproducibility %CV  ·  criteria in Method

† Populations that fell below 5% of parent or 100 events. * Samples 1 and 2 were shipped at reduced temperature rather than ambient; the resulting loss of viability degraded precision, most markedly in Sample 1. Mean is the grand mean of the four runs, in the unit given. 

CD11b⁺, CD14⁺ and CD24⁺ blast cell reportables are not shown: these markers were negative on blast cells at baseline, and the low positive fractions observed were attributed to residual mature monocytes within the blast gate rather than to aberrant expression.

Precision - Inter-operator variability

% difference, Operator 1 vs. Operator 2  ·  criteria in Method

† Populations below 5% of parent or 100 events, for which the relaxed criterion applies. CD11b⁺, CD14⁺ and CD24⁺ are not shown: none was expressed on blast cells in the precision samples. Values derive from the same 

four-run dataset (2 operators × 2 instruments, triplicate); each operator prepared an independent antibody cocktail.

Sample stability

Latest time point within ≤20% of baseline (≤35% low MESF) in ≥80% of 6 BMA at 24–96 h, room temperature; Sample 1 excluded (4 °C)

6 stable 96 h  ·  8 72 h  ·  2 48 h  ·  1 24 h  ·  1 failed

Blast cell phenotype was 100% concordant with baseline in five of six samples at every time point. Only Sample 6 diverged — a 

monocyte-rich marrow (59% monocytes, 22% blasts) in which monocytes could no longer be separated from blasts. CD123 held at 100% at 

every time point.

All populations are blast cell reportables; % = of leukocytes, % par = of marker-positive parent. CD11b⁺, CD14⁺ and CD24⁺ are not shown: these markers were 

negative on blast cells at baseline. Of the reportables shown, 14 of 18 were stable to 72 or 96 h, including CD123 percentage and MESF on blast cells and on the 

CD34⁺ and CD117⁺ subsets; CD123⁺CD33⁺ MESF met no time point. Blast cell frequency as % of leukocytes is the shorter-lived readout at 48 h.

The successful validation of this assay establishes a robust, reproducible, and fit-for-purpose platform for clinical research in AML and MDS.

00.00 • within criterion 00.00 • accepted — rare population† 00.00 • outside criterion NC • not calculable

96h • stable through 96 h 72h • stable through 72 h

48h • shorter window 24h • shorter window FAIL • no time point met criterion

00.00 • within criterion 00.00 • outside criterion

19 CD123⁺ blast cells, PSP

CD34 / CD123

18 FMO cutoff (CD123)

CD34 / FMO PE

15-16 Stem cells

CD38 / CD34

16 HLA-DR

HLA-DR / CD34

16 CD117, CD33

CD117 / CD33

16 CD11b, CD14

CD11b / CD14

16 CD2/7/56

CD2-7-56 / CD34

17 Blast 1

CD38 / CD34

17 Blast 2

HLA-DR / CD34

17 Blast 3

CD117 / CD33

17 PSP phenotype

CD11b / CD14

17 CD2/7/56⁺ PSP

CD2-7-56 / CD34

20 DC / basophil check

HLA-DR / CD123

1–5 Acquisition QC
All events → time → singlets → cells → viable

FSC-A/Time · FSC-H/FSC-A · SSC-A/FSC-A

SSC/Viability · SSC/CD45

6–9 Reference populations
Leukocytes · lymphocytes · NRBC

B / T / NK cells · granulocytes

Subsets: CD24 · CD2/7/56 · CD33 · CD11b/CD14

Candidate blast region | SSC / CD45
CD45dim, SSC low–intermediate

Adapted to the suspected blast population

CD34+ total backgated to guide SSC / CD45

10–13 Hematogones and plasma cells
HG1: CD34+ CD24+ CD33−

HG2–4: CD34− CD24bright CD38bright

PC: CD24− CD38bright

14 Sequential purification
P1: SSC / CD24 → B cells, granulocytes

P2: SSC / CD2-7-56 → T / NK cells

P3: SSC / FSC → residual granulocytes

Mature monocyte gate
CD33bright → CD11b / CD14

Mature: CD11bbright CD14bright

Assess monoblasts / promonocytes

Boolean blast gate
Purification 3 AND NOT mature monocytes AND NOT basophils* AND NOT dendritic cells*

Retain overlapping / aberrant blasts; document populations that cannot be excluded.

15 CD38 / CD34
CD38+ blast subset · CD34+ CD38− stem-cell gate†

Interpret CD38 relative to the blast clusters

16 Blast cell immunophenotype
HLA-DR / CD34 · CD117 / CD33 · CD11b / CD14

CD24 / CD34 · CD2-7-56 / CD34

17 Patient-specific phenotype
CD38/CD34 → HLA-DR/CD34 → CD117/CD33 → CD24/CD34 → CD2-7-56/CD34      No distinct LAIP: all blasts retained

18 FMO-based positivity
Linked full-stain and CD123 FMO gates

Visual cutoff: ≤2% FMO background

Assessed on reference cells, blast
subsets, stem-cell gate and PS phenotype

19–21 Interference check and QC
CD123+ populations: SSC or CD34 / CD123

*Basophils HLA-DR− CD123bright

*DCs HLA-DR+ CD123bright, excluded
only if distinguishable · Backgating QC

Quantibrite PE calibration
Time → beads → 4 PE intensity levels

Log–log calibration of MFI

MESF in full-stain and FMO tubes
Normalized MESF = full stain − FMO

*Basophil / DC exclusions are finalized after CD123 review (step 20).   †Phenotypic gate labelled “Stem Cells”; not a stand-alone confirmation of leukemic identity.

Plots are Y / X; CD2/7/56 is the combined channel.   GRAN granulocytes · B B cells · T T cells · NK NK cells · MONO monocytes · HG hematogones · PC plasma cells · DC dendritic cells

ACCEPTANCE CRITERIA
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