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FC has been romantically involved with AML, but they 
have recently agreed to make their relationship open. 
AML has already started dating the twins qPCR and 
dPCR. FC has been liking AML’s cousin, MDS, for quite 
some time now; she actually gets so excited when she 
meets him that she just can’t hide it. But, MDS is com-
plicated and full of syndromes that make the way to 
his heart hard to find. To make matters worse, a new 
threat has arrived in town: NGS, irresistible thanks to 
her perfect genes, is out to take over the field. 

Join us in this book of science, fiction, and Greek philosophy 
to discover whether the romance between FC and MDS will 
reach its happy ending.
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Abstract: 

Myelodysplastic syndromes/neoplasms (MDS) are heterogeneous clonal disorders of the 
hematopoietic stem cell, characterized by ineffective hematopoiesis and an increased risk of 
progression to acute myeloid leukemia. Diagnosis is based on the presence of cytopenias, morphologic 
dysplasia in bone marrow (BM) and genetic aberrancies. Flow cytometry (FC) has proven helpful in 
MDS diagnosis, as well as in prognostication and prediction. In this context, erythropoiesis has been 
less explored. Also, most FC studies applied lysis-based protocols, adversely affecting erythroblasts. 
In Study I, we developed a non-lysis approach, the ERY panel, for the study of erythropoiesis. BM 
population sizes obtained with this panel showed better agreement with the morphological counts. In 
contrast, lysis-treated samples showed a prominent effect on the percentage, side scatter and marker 
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In Study II, Imaging Flow Cytometry (IFC) was used to translate morphologic hallmarks of 
dyserythropoiesis into objective, measurable parameters. By comparing 26 MDS BM samples with 12 
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characterized mainly by aberrant CD36 and CD71 expression. 
In Study IV, FlowSOM was applied to 34 MDS and 11 normal BM. Decrease of the immature erythroid 
compartment and two mature clusters with aberrant CD36 and CD71 expression were the most 
discriminating. Their combination defined five FC patterns; increasing complexity correlated with the 
number of gene mutations. During treatment with azacitidine, increasing FC improvement was 
observed over time. 

In conclusion, these studies establish the importance of dyserythropoiesis in MDS diagnosis, 
demonstrate the robustness of a non-lysis approach, and provide a foundation for the application of the 
less explored methods IFC and FlowSOM. 
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Syndrome (σύνδρομο): A set of medical signs and symptoms which 

are correlated with each other and often, but not always, are 
associated with a particular disease or disorder. 

Dysplasia (δυσπλασία): In the microscopic level, the word refers to 

the abnormal growth of cells, implying a clonal or preneoplastic 
nature. The term has erroneously been used interchangeably with 
“atypia”, the latter meaning deviation from the typical, the normal. 

https://en.wikipedia.org/wiki/Signs_and_symptoms
https://en.wikipedia.org/wiki/Disease
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Table 1. Classification systems of MDS, then and now 

FAB 1982 WHO 5th edition 2022 ICC 2022 

Refractory anemia (RA) 

 

RA with ring sideroblasts 
(RARS) 

 

RA with excess blasts (RAEB) 

 

Chronic myelomonocytic 
leukemia (CMML) 

 

RAEB in transformation 

(RAEB‐T) 

 

MDS with defining genetic 
abnormalities 

MDS with defining genetic 
abnormalities 

MDS with low blasts and 
del(5q) 

MDS with del(5q) 

MDS with low blasts 
and SF3B1 mutation 

MDS with mutated SF3B1 

MDS with 
biallelic TP53 inactivation 

MDS with mutated TP53 

MDS, morphologically 
defined 

MDS, no otherwise specified 

MDS with low blasts Without dysplasia 

MDS, hypoplastic With single lineage dysplasia 

MDS with increased blasts  With multilineage dysplasia 

MDS with fibrosis With excess blasts 

 MDS/AML 

With mutated TP53 

  With MDS-realted gene 
mutations 

  With MDS-related cytogenetic 
abnormalities 

No otherwise specified 
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Figure 1. Moprhological features of dysplasia 
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Table 2. Morphologic features of dysplasia 

Lineage  

Erythropoiesis Ring sideroblasts 

Cytoplasmic vacuolization 

Megaloblastoid changes 

Bi- and multinucleation 

Nuclear budding 

Internuclear bridging 

Myelopoiesis Abnormal nuclear segmentation: hyper- or hyposegmentation 
(pseudo-Pelger-Huët); ringed-shaped nuclei 

Hypo- or hypergranulation 

Auer rods 

Megakaryopoiesis Micromegakaryocytes 

Hypo- or hyperlobation 

Multiple separated nuclei 
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Table 3. Genes recommended by the ICC for the investigation of MDS and MDS/MPN 

Gene Function category Genes 

Histone modification  ASXL1, EZH2, PHF6, BCOR, BCORL1, KMT2A-PTD 

DNA methylation TET2, DNMT3A, IDH1, IDH2 

RNA splicing SF3B1, SRSF2, U2AF1, ZRZS2,  PRPF8 

DNA repair control TP53, PPM1D, RAD21 

Signaling 
CBL, KRAS, NRAS, JAK2, PTPN11, GNB1, FLT3-ITD, 
FLT3-TKD, NF1, ETNK1, KIT 

Transcription factors RUNX1, CEBPA, GATA2, WT1, ETV6 

Cohesin complex STAG2 

Other SETBP1, DDX41, NPM1, UBA1, CSF3R 

 

Table 4. Cytogenetic risk groups according to IPSS-R. 

Prognostic groups Cytogenetic abnormalities 

Very good -Y, del(11q) 

Good Normal, del(5q), del(12p), del(20q), double including del(5q) 

Intermediate del(7q), +8, +19, i(17q), any other single or double independent clones  

Poor 
−7, inv(3)/t(3q)/del(3q), double including −7/del(7q), complex: 3 
abnormalities  

Very poor Complex: > 3 abnormalities 
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⚠ 

 

Incident light: The light that touches an object or medium. 

Solid-state laser: Lasers whose gain medium consists of a 

transparent solid material (e.g. crystal, glass or ceramics) doped with 
optically active ions. When the medium is exposed to an external 
energy source (optical pumping), usually from laser diodes, its dopant 
ions are excited to higher energy states. As these ions relax back to 
lower energy levels, they emit photons of a characteristic wavelength. 

Intercalation: The insertion of a molecule into layered materials.

κυτταρο ετρία ροής

                                                      
a 

 

c 

 

https://www.sciencedirect.com/topics/engineering/solid-matrix
https://en.wikipedia.org/wiki/Molecule
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Figure 2. Fluidics in Flow cytometry. 
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Figure 3. Process of fluorescence.  

A. Jablonski diagram demonstrating the energy transition of the fluorophore: excitation leads the 
fluorophore to a higher energy state; partial loss of energy – internal conversion –  follows; finally, the 
excess energy is emitted and the fluorophore returns to the low energy ground state. B. Excitation and 
emission spectra of FITC; the difference between the wavelengths of the excitation and emitted light is 
called the Stokes shift. Figure 3B created with the BD® Spectrum Viewer, with permssion from BD 
Biosciences. 
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Figure 4. Light scatter properties of a lymphocyte and a neutrophile. 

The neutrophil on the right is larger and has a more complex cytoplasm, due to its granules and 
segmented nucleus, compared with the lymphocyte on the left. Consequently, both the forward and 
side scatter values would be higher for the neutrophil.  
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Where are we now? 

Table 5. FC aberrancies associated with MDSa 

Lineage FC aberrancies  

Myeloid progenitors Increased percentage 

Decreased/increased expression of CD45, CD34 and CD117 

Decreased/increased expression of CD13, CD33, HLA-DR 

Asynchronous expression of CD11b, CD15 

Aberrant expression of CD2, CD4, CD5, CD7, CD19, CD56 

Aberrant CD34/CD117 pattern 

Granulopoiesis Decreased percentage (as ratio to percentage of 

lymphocytes) 

Decreased SCC (as ratio to SSC of lymphocytes) 

Asynchronous expression of CD34 

Aberrant expression of CD5, CD7, CD56 

Aberrant pattern of CD15/CD10, CD13/CD16 and CD13/CD11b 

Decreased expression of CD33 

Monocytes Increased percenatge 

Aberrant expression of CD2, CD56 

Decreased expression of CD13, CD15, CD64, CD11c 

Aberant pattern of CD36/CD14 and HLA-DR/CD11b 

Aberrant PB monocyte partition (in CMML) 

Decreased percentage of slan+ classical monocytes (in CMML) 
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Table 5 continued.

Lineage FC aberrancies  

Erythropoiesis Increased percentage of erythropoiesis 

Increased percentage of CD117+ erythroid precursors 

Increased CV of CD36 and CD71 

Decreased expression of CD36 and CD71 

Decreased/increased expression of CD105 

Aberrant pattern of CD71/CD235a 
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Figure 5. Monocyte assay for diagnosis of CMML. 

In the left, normal PB with all three monocytic subsets present; cMO (CD14+/CD16-) below the 94% 
threshold. In the right, PB with CMML, with > 94% cMO.  
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The ERY panel  

Permeabilization: a chemical process in the preparation of FC 

samples, most often employing organic solvents or detergents, to 
create pores in the cell membrane and, thus, allow the entrance of 
antibodies in the cell. The chemicals used however are non-selective 
and can be harmful to other cell or fluorescent proteins, undermining 
the data quality. If you are curious about more permeabilization, there 
are many available articles or company protocols out there.  

Ficoll (Ficoll-Paque) density gradient centrifugation: A method 

using the synthetic polysaccharide Ficoll to create, upon 
centrifugation, a gradient that separates cells by density. Commonly 
used in blood and BM samples to separate mononuclear cells from 
erythrocytes and granulocytes, though small quantities of the latter 
can be retained in the mononuclear layer.   

 

♪ ♪
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Figure 6. Excitation and emission spectrum of DRAQ5. 

In both panels, the red dashed line represents the excitation spectrum and the red curve represents the 
emission spectrum of DRAQ5. The red vertical line in the upper panel represents the red laser (647 
nm) and the blue vertical line in the lower panel is the blue laser (488 nm). Although the emission range 
is the same regardless of the laser used, the emission intensity is considerably lower when DRAQ5 
gets excited by the blue laser. Figure created with the BD® Spectrum Viewer, with permssion from BD 
Biosciences. 

λύσις
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στοιχιο ετρία

 

Figure 7. Cell cycle analysis with DRAQ5 created with the Michael H. Fox algorithm integrated in 
Kaluza analysis software (Beckman Coulter). 

In the upper panel, the proliferating cluster of erythropoieisis (S/G2 phase) can be appreciated by the 
higher DRAQ5 values. By contrast, mature lymphocytes (lower panel) reside mainly in G1 phase. 
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Figure 8. Normal BM in a SSC/CD45 scatter plot. 

Each population has its characteristic position in this plot. Orange: erythropoiesis; grey: granulopoiesis; 
purple: monocytes; green: myeloid blasts; light blue: B-cell precursors; blue: lymphocytes. 
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https://en.wikipedia.org/wiki/Scavenger_receptor_(immunology)
https://en.wikipedia.org/wiki/TGF_beta_receptor
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Table 6. Channel distribution of the ERY panel fluorochromes-antibodies/dyes in Navios Ex. 

 FL1 

FITC 

FL2 

PE 

FL3 

ECD 
FL4 

FL5 

PE-Cy7 
FL6 FL7 FL8 

FL9 

PB 

FL10 

KO 

 Blue laser Red laser Violet laser 

2017-2018 
CD71 CD13 CD117 - CD105 - DRAQ5 - CD36 CD45 

2019 CD71 CD13 CD117 DRAQ5 CD105 - - - CD36 CD45 
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Figure 9. Gating strategy in ERY panel. 

Acquistion of live, nucleated cells is based on DRAQ5 positivity. Retrieval of erythropoiesis begins in a 
CD36/CD45 plot; CD36 is used first since its expression precedes that of CD71. A broad gate including 
CD45dim is drawn, to include the immature erythroid precursors. Any admixed myeloid cells due to this 
broad gating are subsequently removed in the CD71/CD13 plot. Finally, myelopoiesis and lymphocytes 
are identified in the CD13/CD45 plot. 
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Figure 10. CD105/CD117 and CD17/CD36 scatter plots depicting normal maturation patterns. 

 

Figure 11. SSC/CD45 plots of two BM analyzed with the ERY panel. 

In the left, the SSC properties are maintained; in the right the aggergates of unlysed eryhtrocytes with 
nucleated cells distort SSC, rendering it difficult to interpret. 
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Brightfield (BF) microscopy: A basic light microscopy technique that 

uses white light to illuminate the sample. The sample partially absorbs 
light, and the transmitted light produces a shadow-like image against 
a bright background.  

Transmitted light: The light that passes though the illuminated 

sample (i.e. not absorbed or scattered) and gets collected by an 
optical lens. 

Charge-coupled device (CCD) camera: Camera equipped with an 

electrical device that can convert light input into electronic signals.  

Light decomposition: Separation of light into its component 

wavelengths  

Morphometry (μορφομετρία): Quantitative measurement of 

parameters related to form, like shape and size. 
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Figure 12. Optics of ImageStream. Figure adapted with permission from Cytek Biosciences. 
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Figure 13. Masks used in Study II for morphometric and fluorescence intensity measurements. 

A. Images of four fluorescent markers (DRAQ5, CD105, CD71 and CD36) without maks (left) and with 
their corresponding mask in turqoise (right). B. From left to right, the combined BF/DRAQ5 image 
without mask, the BF image with the mask corresponding to Cell Area and the BF image with the 
cytoplasmic mask. 
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Table 7. Channel distribution of fluorochromes-antibodies/dyes and BF in ImageStream. 

FL1 FL2 FL3 FL4 FL5 FL6 FL7 FL8 FL9 FL10 FL11 FL12 

 Blue laser  Violet laser  Red laser 

BF 
CD71 

FITC 

CD105 

PE-Cy7 

CD117 

ECD 
- SSC 

CD36 

PB 

CD45 

KO 
BF - - DRAQ5 

 

Figure 14. Image gallery of BF images and markers used in ImageStream. 

From top to bottom, a proerythroblast, a basophilic erythroblast and a mature erythroblast are shown. 
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Euclidean distance: The straight-line distance between two points in 

space – like measuring with a ruler. 

Iteration: One complete repetition of a process or set of steps, where 

the output of one step can be used to refine the next.  

Arcsinh (inverse hyperbolic sine): A mathematical function for data 

transformation. In FC, it is used for transforming fluorescence intensity 
values (which can span several orders of magnitude, including 
negative values) in a linear way for lower values (weak expression) 
and a logarithmic way for higher values (strong expression). 

Acyclic graph: A graph connecting nodes by branches, in which 

there is no way to start at one node, follow a continuous path along 
the branches, and return to the same node without retracing any 
branch. In simpler terms, you can never loop back to where you 
started. 

 

- 
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Figure 15. Visual transformation of SOM to MST.  

A self-organizing map (SOM) consisting of a 10 x 10 grid is converted to a Minimal Spanning Tree 
(MST) of 100 nodes. Nodes in both the SOM and the MST are presented as star charts, indicating the 
mean intensities of the markers for cells assigned to that node. This is a case of a BM and the markers 
used are listed next to the SOM. Adapted from Van Gassen et al. (2015) with permission from John 
Wiley & Sons. 
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Figure 16. FlowSOM analysis of NBM in Study IV. 

MST of NBM consisting of 100 nodes. In the left MST, the erythroid nodes are highlighted with red. 
After metaclustering, eight normal erythroid clusters were ideniftifed; their designation and color coding 
are shown in the color chart (detailed characterization of the clusters is presented in Table 9). 
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Figure 17.  Effect of lysis in light scatter. 

The same BM sample analyzed with the original ERY panel (left) and with an additional lysis step 
before staining (right). Both side and forward scatter of the erythroid precursors (orange) decrease so 
markedly that the population shifts outside the live-cell gating boundary. 
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Figure 18. Phenotypical aberrancies detected in MDS with the ERY panel. 

(A) NBM for comparison;CD71/CD36 plot depicting normal erythropoiesis. (B) MDS case with an
aberrant population (pink) with decreased CD36 and CD71 expression (“elephant trunk”). The CV
values of the two markers are markedly increased compared to NBM in the left. (C) Early erythroid
precursors with aberrantly decreased CD105 expression. (D) MDS with an aberrant CD117+/CD105-

population.
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Table 8. MDS-related aberrancies and comparison across non-lysis and lysis protocolsa 

Erythroid aberrancies in MDS 
Violidaki     

et al 
Studies using 

non-lysis 
Studies using 

lysis 

Increased erythropoiesis No Not tested Yes72,178 

Altered CD117+ erythroid precursorsb No Observed124 Yes80,178 

Increased CD105+ erythroid precursors No Observed124 No 

Decreased CD36 intensityc  Yes Yes70,124 Yes80,178 

Increased CD36 CV  Yes Yes70 Yes80,178 

Decreased CD71 intensityc Yes Yes70,124 Yes67,77,80,140,177,178 

Increased CD71 CV Yes Yes70 Yes80,178 

Increased/decreased CD105 intensityc No Observed124 Yes140,177,178 

Increased CD105 CV  Yes Not observed124 Yes177 

Asynchronous CD71/CD235a pattern Not tested Observed124 Yes67,72,178 
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DRAQ5 or CyTRAK orange?  

Both stains have similar properties; they are both permeable and bind 
to DNA. CyTRAK can also bind weakly to the cytoplasm, a property 
useful in fluorescence microscopy. However, due to this binding, its 
emissison peak is broader, preventing a clear distinction between 
diploid and tetraploid DNA, unlike DRAQ5. Therefore, CyTRAK cannot 
be used for DNA cell cycle analysis. Another aspect is their different 
excitation and emission spectra. CyTRAK is optimally excited from 
488 to 550 nm (blue and green-yellow lasers), and has a peak 
emission of 610 nm (orange). The choice between the two stains 
therefore depends on the instrument’s configurations and the overall 
fluorochrome panel to be applied.180 
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Why not DRAQ5 combined with Ficoll?  

Ficoll density gradient centrifugation leads to loss of granulocytes, 
besides erythrocytes and therefore, its use has been discouraged.110 
In the 2024 meeting of the ELN iMDSFlow WG, Dr Brodersen, upon a 
discussion on lysis vs non-lysis admitted: ”Ficoll, no I would not 
recommend it”. 
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Figure 19.  MDS case with discrepancy in blast count between the ERY and a lysis- based panel. 

(A) In the ERY panel, 60% erythroid precursors and 3% CD117+ myeloid precursors were measured. 
(B) In a lysis-based panel the erythroid precursors were 19% and the CD117+ myeloid precursors 
almost 21%; the CD34+/CD117+ blasts were 17% (data not shown). This finding would motivate a 
diagnosis of MDS with blast increase type 2 (WHO 5th edition) or MDS/AML (ICC). By morphology, the 
blast count was 4%! 
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Figure 20. Increase of cell size in MDS.  

A. An MDS case with increased cell size in all maturation stages; from left to right: proerythroblast 
(green, CD117), basophilic erythroblast (yellow, CD105) and a mature erythroblast. B. A normal case 
for comparison. The numbers in blue font represent cell size in μm2. 
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Figure 21. CD36 “dot-like” expression pattern. 

A. CD36 spot count across maturation stages in NBM and MDS. B. Image gallery of a proerythroblast, 
a basophilic erythroblast and a mature erythroblast, showing decreasing CD36 spots with maturation. 



73 

- 



74 

- 

 

Figure 22. Morphologic features of dyserythropoieisis visualised with IFC.  

A. Erythroblasts with abrormally shaped nuclei. B. Binucleated cells. C. Ring sideroblasts. 
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Table 9. Normal and abnormal erythroid clusters and their characteristics 

Normal clusters  

EARLY DIV  DRAQ5HIGH CD117+ CD105+ CD36HIGH CD71HIGH CD45LOW 

INT DIV  DRAQ5HIGH CD117- CD105+ CD36HIGH CD71HIGH CD45LOW 

LATE DIV DRAQ5HIGH CD117- CD105+ CD36HIGH CD71HIGH/INT CD45-/LOW 

HIGH 36/HIGH 71 DRAQ5+ CD117- CD105- CD36HIGH CD71HIGH CD45- 

HIGH 36/INT 71 DRAQ5+ CD117- CD105- CD36HIGH CD71INT CD45- 

INT 36/HIGH 71 DRAQ5+ CD117- CD105- CD36INT CD71HIGH CD45- 

INT 36/INT 71 DRAQ5+ CD117- CD105- CD36INT CD71INT CD45- 

DRAQ5 LOW DRAQ5LOW CD117- CD105- CD36INT CD71INT CD45- 

Abnormal clusters 

EARLY DIV A DRAQ5HIGH CD117+ CD105+ CD36≠HIGH and/or CD71≠HIGH CD45-/LOW 

INT DIV A DRAQ5HIGH CD117- CD105+ CD36≠HIGH and/or CD71≠HIGH CD45-/LOW  

LATE DIV A DRAQ5HIGH CD117- CD105+ CD36≠HIGH and/or CD71LOW  

CD117+/CD105- DRAQ5+/HIGH CD117+ CD105- 

HIGH 36/LOW 71 DRAQ5+ CD117- CD105- CD36HIGH CD71LOW  

INT 36/LOW 71 DRAQ5+ CD117- CD105- CD36INT CD71LOW 

LOW 36/HIGH 71 DRAQ5+ CD117- CD105- CD36LOW CD71HIGH 

LOW 36/INT 71 DRAQ5+ CD117- CD105- CD36LOW CD71INT 

LOW 36/LOW 71 DRAQ5+ CD117- CD105- CD36LOW CD71LOW 
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Figure 23. Left panel: Distribution of the three FC changes indicative of MDS per patient at diagnosis. 
Right panel: Derived FC patterns adjacent to the number of mutated genes and cytogenetic risk group 
per patient at diagnosis. 
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Figure 24. Distribution of patients across the three FC outcomes (stable, improved, worsened) at 
6 and 12–18 months of treatment with 5-azacitidine. 
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Figure 25. A. MST of an MDS case showing a mixture of normal and abnormal erythroid clusters. The 
populations detected by FlowSOM could not have been discerned in the traditional bivariate plots, as 
presented in B. showing abnormal mature erythroid clusters (suspected as such by their low CD71 and 
CD36 expression), and C. showing normal mature erythroid clusters. 
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Ἓν οἶδα ὅτι οὐδὲν οἶδα (Plato, Apologia Socratis 21d) 
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