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The pathological hallmark of myelodysplastic syndromes (MDS) is marrow dysplasia, which represents
the basis of the WHO classification of these disorders. This classification provides clinicians with a use-
ful tool for defining the different subtypes of MDS and determining individual prognosis. The WHO pro-
posal has raised some concern regarding minimal diagnostic criteria particularly in patients with normal
karyotype without robust morphological markers of dysplasia (such as ring sideroblasts or excess of
blasts). Therefore, there is clearly a need to refine the accuracy to detect marrow dysplasia. Flow cytom-
etry (FCM) immunophenotyping has been proposed as a tool to improve the evaluation of marrow dyspla-
sia. Rationale for the application of FCM in the diagnostic work up of MDS is that immunophenotyping is
an accurate method for quantitative and qualitative evaluation of hematopoietic cells and that MDS have
been found to have abnormal expression of several cellular antigens. To become clinically applicable,
FCM analysis should be based on parameters with sufficient specificity and sensitivity, data should be
reproducible between different operators and the results should be easily understood by clinicians. In
this report, we reviewed the most relevant progresses in detection of marrow dysplasia by FCM in MDS
as defined by WHO criteria. VC 2011 International Clinical Cytometry Society
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THE CHALLENGE OF THE DIAGNOSIS OF MYELODYSPLASTIC
SYNDROMES (MDS)

Myelodysplastic syndromes (MDS) are a group of dis-
orders clinically characterized by peripheral cytopenia,
followed by a progressive impairment in the ability of
myelodysplastic stem cells to differentiate and an
increasing risk of evolution into acute leukemia (1).

The clinical course of the disease is very heterogene-
ous, ranging from indolent conditions spanning years to
forms rapidly progressing to leukemia (2,3). This hetero-
geneity reflects the complexity of the underlying genetic
defects, which are still to be clarified (4).

According to the prevailing dogma, clonal transforma-
tion in MDS would occur at the level of a committed mye-
loid stem cell that can give rise to red cells, platelets,
granulocytes and monocytes (4). The biologic hallmark of

these stem cells is, rather, dysplasia, which indicates a de-
fective capacity for self-renewal and differentiation and
relies on various morphological abnormalities. Karyotypic
aberrancies (involving loss of genetic material and less
frequently balanced translocations) are detected in about
50% of primary MDS, and when present are a marker
of clonal hematopoiesis (1,5–7). Although recurrent
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cytogenetic defects were documented in MDS since sev-
eral years ago, few specific gene abnormalities implicated
in the development and/or progression of the disease
were described until now (8–11).

The morphological evaluation of marrow dysplasia
represents the basis of the World Health Organization
(WHO) classification of these disorders (12,13). This
classification provides clinicians with a very useful tool
for defining the different subtypes of MDS and determin-
ing individual prognosis (3). The combination of overt
marrow dysplasia and clonal cytogenetic abnormalities
allows a conclusive diagnosis of MDS (13). However,
this combination is found only in some patients, who
tend to be those with more advanced disease. In many
instances, cytogenetics is not informative so that the
diagnosis of MDS is based entirely and exclusively on
morphological evaluation (14).

The WHO proposal has raised some concern regard-
ing minimal diagnostic criteria for formulating the diag-
nosis of MDS (12–14). Morphology may be difficult to
evaluate, because cellular abnormalities of bone marrow
cells are not specific for MDS and may be found in other
pathological conditions. As a consequence, in clinical
practice interobserver reproducibility for recognition of
dysplasia is usually poor, particularly in patients who do
not have robust morphological markers such as ring
sideroblasts or excess of blasts (15,16). Moreover, poor
technical quality of the specimen is a common obstacle
in the accurate diagnosis of MDS. Finally, morphology
may be difficult to evaluate in some patients either due
to hypocellularity or fibrosis of the marrow (17,18). The
implementation of WHO classification of MDS in clinical
practice compels a refinement of the accuracy to detect
marrow dysplasia (3,19).

RATIONALE TO THE APPLICATION OF FLOW CYTOMETRY
(FCM) IMMUNOPHENOTYPING IN THE DIAGNOSIS OF MDS

Flow cytometry (FCM) immunophenotyping was
introduced by WHO proposal for the classification of he-
matologic neoplasms as an indispensable tool for the di-
agnosis, classification, staging, and monitoring of several
diseases, such as lymphoproliferative disorders and acute
leukemias (12,13). In addition, immunophenotyping has
been proposed as a tool to improve the evaluation of
marrow dysplasia. Rationale for the application of FCM
in the diagnostic work up of MDS is that immunopheno-
typing is an accurate method for quantitative and quali-
tative evaluation of hematopoietic cells and that MDS
have been found to have abnormal expression of several
cellular antigens (20,21).

To become clinically applicable, FCM analysis should
be based on parameters with sufficient specificity and
sensitivity, data should be reproducible between differ-
ent operators, and the results should be easily under-
stood by clinicians (22,23). With respect to this
situation, the results of the studies that pointed out the
feasibility of FCM analysis for the evaluation of marrow
dysplasia raise some concerns (20,23). First, no single
immunophenotypic parameter has been proved able to

discriminate accurately between MDS and other condi-
tions, and among laboratories that have experience in
MDS FCM no consensus exists on which diagnostic param-
eters are the most appropriate (20,23). Moreover, FCM
evaluation of erythroid dysplasia (which represents the
milestone of morphological diagnosis of MDS) is particu-
larly difficult, because of the limited availability of specific
markers (24,25). Finally, published protocols are mainly
based on a qualitative analysis of cytometric variables and
are tested on very heterogeneous patient populations, thus
limiting a wide clinical implementation (24,26,27).

For these limitations, at the time of introduction of the
WHO classification (2001), FCM was not recommended as
a screening procedure for MDS (12). More recently, many
studies addressed the weak points of FCM immunopheno-
typing on the diagnosis of MDS and significant progresses
were made. In 2006, a group of international experts met
in Bethesda to formulate consensus recommendations for
FCM testing based on the clinical presentation (28–30).
Consensus was reached that immunophenotyping is indi-
cated in the evaluation of patients with peripheral blood
cytopenia: in this clinical situation, FCM can provide a sen-
sitive screen for the presence of hematologic malignancy
and assist in demonstrating the absence of disease. In addi-
tion, according to the report of 2006 Working Conference
on MDS, FCM enables the detection of aberrancies in the
differentiation of marrow cell populations by changes in
antigen expression that are otherwise not detected by
morphology, and therefore immunophenotyping may be
useful to establish a definitive diagnosis of MDS in the ab-
sence of significant morphological dysplasia or increased
blasts (7). More recently, the revised WHO classification
(2008) recognized that FCM analysis of bone marrow cells
may add important information to the diagnostic and prog-
nostic evaluation of MDS patients (13). In this report, we
reviewed the most relevant progresses in the evaluation of
marrow dysplasia by FCM in MDS as defined by WHO
criteria.

FCM EVALUATION OF MYELOID DYSPLASIA

Morphological myeloid dysplasia as defined by WHO
criteria is present in about 60% of MDS patients at diagno-
sis (5). Most significant morphological alterations on
granulocytic lineage included hypogranularity on myeloid
cells, presence of pseudo-pelger neutrophils and
increased prevalence in bone marrow of myeloid cells in
the earliest stage of maturation. These abnormalities sig-
nificantly affected the detection of physical parameters
(i.e., side scatter, SSC and forward scatter, FSC) by FCM, as
reported in different studies (24,27,31). Defective
capacity for self-renewal and differentiation by myelodys-
plastic stem cells also relies on various abnormalities of
antigen expression on granulocytic cells, which may be
easily detected by FCM due to a large availability of spe-
cific antibodies for myeloid lineage (20,24). Reported
aberrancies of granulocytic lineage include the presence
of antigens that are not normally present, such as lymph-
oid antigens, and altered expression of myeloid antigens,
either in a single population of cells, or within a

202 DELLA PORTA ET AL.

Cytometry Part B: Clinical Cytometry



generation of maturing cells (24,26,27,32–34). Further-
more, monocytic compartment is also affected in MDS
(26,27) (Fig. 1 and Table 1).

Davis studied for the first time the pattern of CD16
and CD11b expression by maturing granulocytes in the
bone marrow of patients with MDS and healthy controls
(35). There was a highly consistent normal pattern of
CD11b and CD16 expression in the granulocytic series
in healthy subjects, while in MDS patients an increased
percentage of granulocytic cells with low CD16 or both
low CD16 and low CD11b was noticed (24). In addition,
an altered granulocytic maturation pattern can be dem-
onstrated by plotting CD13 versus CD16 (36). During
maturation, myeloid cells normally acquire increasing
levels of CD16 that are initially accompanied by a
decrease in CD13 expression as cells mature from blasts
through the myelocyte and metamyelocyte stages of mat-
uration, followed by intermediate levels of CD13 in
band forms and high levels in segmented neutrophils.
Several abnormalities on CD13/CD16 maturation pattern

were described in MDS patients, including an increase
of cells in myelocyte and metamyelocyte stages of
maturation and a decrease of CD13þCD16þ neutrophils
(Fig. 1 and Table 1).

Although these investigations defined immunopheno-
typic abnormalities in MDS, they did not address the
potential contribution of FCM to the diagnosis of MDS.
The study of Stetler-Stevenson et al. published in 2001
(24) was the first to demonstrate that the identification
of immunophenotypic abnormalities by FCM is useful in
establishing a diagnosis of a MDS, especially when the
results of morphologic evaluation and cytogenetic stud-
ies are indeterminate. In addition to maturation abnor-
malities, aberrancies in the expression of several
antigens on granulocytes such as CD64, CD10, and
CD56 were described in MDS (24,26,27,32,34,37).
Lymphoid antigens, such as CD2, CD5, CD7, and CD19
may be abnormally expressed on myeloid progenitors
and maturing myeloid cells. Moreover, a common find-
ing in these patients is the atypical expression of

FIG. 1. Consistent immunophenotypic features of myeloid dysplasia in MDS. (A,B) Myeloid abnormalities in MDS demonstrated by CD45 versus
side light scatter (SSC): (A) Healthy donor bone marrow: normal granulocytes in the boxed region; (B) MDS patient bone marrow with hypogranular
neutrophils with low side scatter. (C–E) CD16 versus CD13 maturation pattern analysis on granulocytes (identified in CD45 versus SSC dot plot): (C)
Healthy donor bone marrow; (D,E) bone marrow from representative MDS patients showing an increase of cells in myelocyte and metamyelocyte
stages of maturation and a decrease in CD13þCD16þ segmented neutrophils. (F–H) CD16 versus CD11b maturation pattern analysis on granulo-
cytes: (F) Healthy donor bone marrow; (G,H) bone marrow from representative MDS patients showing an increased percentage of granulocytic cells
with low CD16 or both low CD16 and low CD11b.
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antigens on immature myeloid cells that are normally
expressed on mature myeloid cells, such as CD11b and/
or CD15 (24,26,27,32,37). More recently, some intracel-
lular markers, such as myeloid nuclear differentiation
antigen were reported to be differentially expressed
between MDS and controls (38). As far as monocytic
compartment is concerned, most frequent abnormalities
observed in MDS patients include altered expression of
CD56, HLA-DR, CD36, CD33, CD15, CD14, CD13, and
CD11b (26,27,32,33; Table 1). In general, the amount of
abnormalities reported by FCM correlates with the
degree of dysplasia assessed by morphology (27,37).
Although most of the studies have evaluated bone mar-
row cells, there is some evidence that FCM analysis of
peripheral blood could also assist in the diagnosis of
MDS (39). Frequencies of single myeloid aberration in
MDS patients are highly variable in different studies.
In general, hypogranulation of neutrophils is observed
in the great majority of MDS patients (frequency
ranging from 10 to 84%) (26,27,31,37) and was found to
be potentially highly reproducible if quantitatively
expressed as ratio between SSC granulocytes to SSC lym-
phocytes (31). Abnormalities on CD11b versus CD16
and CD13 versus CD16 patterns were also reported
with high frequency in MDS despite a wide variability in
different studies (frequency ranging from 23 to 78%).
Aberrancies in the expression of CD64, CD10, CD56,
and other antigens on granulocytes were described in a
percentage comprised between <5 and 66% of MDS
cases (26,27,31,37). Scientific evidence suggests that
aberrant antigen expression by myeloid cells is more fre-
quent and carries more discriminant weight on detec-
tion of marrow dysplasia than altered expression of
monocytic antigens (23,27,40). A single myeloid immu-
nophenotypic abnormality was reported in about 30–
40% of patients affected with nonclonal cytopenia
(26,27,31,37). Therefore, a single myeloid immunophe-
notypic abnormality is not a definitive finding for MDS,
and other abnormalities should be detected on granulo-
cytic cells to conclude that myeloid dysplasia is present
(23). Multiparametric evaluation of myeloid and mono-
cytic maturation and antigen expression pattern leads to
the identification of two or more aberrancies in the
great majority of MDS cases (from 70% to more than
90% in different studies) (24,27,32,37,40). In general
FCM is more sensitive in detection of myeloid dysplasia
with respect to morphology, and immunophenotypic
myeloid abnormalities are identified in a significant per-
centage of cases (from 20% to more than 90%) classified
as refractory cytopenia with unilineage dysplasia or
unclassifiable MDS (24,27; Table 1). In addition, FCM
was found to be useful for detection of marrow dyspla-
sia in a proportion of patients with marrow hypocellu-
larity, fibrosis or inadequate specimen collection,
suggesting that variables related to sample quality are
less significant in immunophenotypic analysis than in
morphological evaluation (24,37).

As discussed before, WHO classification provides clini-
cians with a very useful tool for determining individual
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prognosis in MDS (3,5,19). In particular, among patients
with MDS without excess blasts, isolated involvement of
the erythroid lineage rather than bilineage or trilineage
marrow dysplasia is associated with a significantly better
prognosis (41). Interesting data have also been emerging
on the ability of the WHO classification to guide clinical
decision making regarding therapeutic choices. Patients
with unilineage dysplasia have been shown to have a
significantly higher probability of responding to treat-
ment with hematopoietic growth factors compared to
those with multilineage dysplasia, (42) while patients
with 5q deletion were found to have a high response rate
to lenalidomide (43). Finally WHO classification predict
post-transplant outcome in patients receiving allogeneic
stem cell transplantation (44). In this context, the possibil-
ity to recognize patients with unilineage versus multiline-
age dysplasia by FCM with higher sensitivity with respect
to morphology might have important clinical implications.

The great variability on the percentage of reported
immunophenotypic abnormalities in MDS patients
reflect in part the biological heterogeneity within these
disorders, but more likely, the lack of a standardized and
reproducible procedure for the evaluation of these pa-
rameters (20,23). The most largely used approach to
evaluate myeloid dysplasia by FCM is pattern recognition
analysis (24,26,27,32). This is a qualitative method based
on recognition of a deviation from normal antigen
expression pattern. Although similarly to morphological
evaluation this approach is a good tool for expert opera-
tors (i.e., people with extensive knowledge of changes
in antigen expression in normal and pathological hema-
topoietic cell differentiation;45) pattern recognition anal-
ysis presents several weak points. The numerical
description of the results is difficult, thus quantitative
analysis is not possible; moreover the precise definition
of the normal pattern of reference may be complex
(24); finally, with rare exceptions, no reproducibility
data in the setting of MDS are currently available
(20,23). To overcome these limitations, other studies an-
alyzed the expression of myeloid antigens as percentage
of positive cells (37). This is a quantitative method (the
results of FCM analysis are expressed as numbers) and
has proved to be reproducible at least in an intralabora-
tory setting. However, the definition of the threshold
distinguishing between positive and negative popula-
tions, which in most methods ultimately rely on arbi-
trary criteria, remains a major limitation of this
approach (20). An alternative analytical method to
express cytometric variables in a quantitative manner is
the mean fluorescence intensity (MFI), defined as the ra-
tio between the measured MFI of the marker tested and
the measured mean autofluorescence of the cells (46).
FCM analysis of marrow dysplasia by MFI appears partic-
ularly promising. In fact MFI has proved to be highly re-
producible in both intralaboratory and interlaboratory
settings (37,46,47). Indeed, fluorescence ratios depend
both on the percentage of cells expressing the marker
tested and on the intensity of expression, that may be
important in MDS were marrow populations are typically

heterogeneous for a particular marker (37,46; Table 1).
Overall, FCM multiparametric approaches based on a quan-
titative evaluation of myeloid antigens allow to correctly
classify about 90% of cases with suspected MDS (37).

A standardized application of FCM in detection of my-
eloid dysplasia also requires a minimal variability in sam-
ple processing, antibody combinations and data
acquisition. In fact, the inherent variability of instrument
set-up can give significant differences in the data col-
lected between and within institutions. Similarly, differ-
ences in reagents, especially the fluorochromes used,
will result in inconsistent sensitivity and specificity of
data (23,30). In this context, the European Leukemia-
NET (ELN) working group for FCM in MDS started a
consensus process on how to standardize sample collec-
tion/preparation and data acquisition (23), that is
expected to significantly improve the FCM accuracy in
detection of marrow dysplasia.

FCM EVALUATION OF ERYTHROID DYSPLASIA

Erythroid dysplasia is the milestone of the morpholog-
ical diagnosis of MDS (1,13). In fact, it is present in
almost all patients with MDS and is the only morphologi-
cal abnormality in those with refractory or sideroblastic
anemia (13). Evaluation of erythroid dysplasia represents
a challenge in the immunophenotypic analysis of myelo-
dysplastic marrows: the precise identification of marrow
erythroid precursors is problematic and there is a lim-
ited availability of specific markers (20,23,25).

The first critical issue of erythroid compartment
immunophenotyping is the gating strategy to identify
marrow erythroid precursors. Nucleated erythroid cells
are characterized by reduced/absent CD45 and low SSC
(25,37). To gate CD45dim to negative/SSClow cells is
certainly simple and seems likely to be reproducible
(23,24,37). However, this region also contains mature
(anucleate) red cells, cellular debris, and nonhemato-
poietic cells, which are not discriminable on the basis of
CD45 or scatter proprieties. Alternatively, an immuno-
logical gate based on the antigens expressed by ery-
throid cells can be performed (37). During physiological
development from the basophilic erythroblast to the
erythrocyte, there is a progressive decrease in CD45
expression (25). An increase in glycophorin A (Gly A) is
observed early upon differentiation from the basophilic
erythroblast to the orthochromic erythroblast. Finally,
CD71 is one of the earlier antigens expressed during
erythroid maturation (which anticipates Gly A expres-
sion), remains on the reticulocyte after enucleation and
then is lost prior to the loss of the RNA (25). From a
theoretical point of view, gating erythroblast on the ba-
sis of CD71 expression would be preferable, Gly Aþ
cells excluding a proportion of more immature erythroid
precursors, which may be increased in MDS (23,24,29).
However, a dysregulation of CD71 expression is
reported in MDS, (24,37) and Gly A that has a very tight
coefficient of variation of intensity from individual to
individual, (25) should be preferentially adopted in gat-
ing erythroid precursors in the setting of MDS.
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The lysis process is also critical, affecting nucleated as
well as mature red blood cells to an unknown variable
degree (23,30). Although a no-lyse, no-wash system
would provide the most accurate estimate of nucleated
red cell, a lyse no-wash approach is certainly simpler
and more easily implementable in the diagnostic work-
up of MDS patients (24,29,37,47).

The study by Stetler-Stevenson et al. demonstrated for
the first time the feasibility of the evaluation of erythroid
dysplasia by FCM (24). Abnormal erythroid precursors
were detected based upon immunophenotype in the
great majority of MDS cases studied (77%). However, the
only consistent erythroid abnormality in this study was
dys-synchronous expression of CD71 versus Gly A on
red cell precursors.

A promising approach to overcome the limited avail-
ability of FCM markers specific for erythroid dysplasia is
the analysis of proteins involved in cellular iron metabo-
lism. It is well known that iron metabolism is essential
in erythroid cells for heme production and is peculiarly
perturbed in MDS, (48) as suggested by the abnormal
expression in these patients of CD71, the cellular recep-
tor for transferrin (24). At the cellular level, ferritin with
H and L subunits plays a critical role in regulating intra-
cellular iron homeostasis by storing iron inside its multi-
meric shell (49). It also plays an important role in
detoxifying potentially harmful free ferrous iron to the
less soluble ferric iron by virtue of the ferroxidase activ-
ity of the H subunit. Transferrin receptor CD71 is indis-
pensable for cellular iron uptake. Cytoplasmic ferritin
and transferrin receptor are mutually regulated by iron
regulatory proteins, that bind to this stem loop structure
and inhibit mRNA translation (48,49). MDS erythroid
cells present an ‘‘iron-loaded’’ phenotype characterized
by increased ferritin contents (in particular H subunit)
and reduced transferrin receptor (47). Interestingly, both
H ferritin and CD71 expression reflects the degree of
dysplasia assessed by morphology. Moreover, in an ery-
throid culture model induction of H ferritin occur at
very early stage of differentiation, confirming a strong
relationship with the myelodysplastic phenotype (47)
(Fig. 2 and Table 1). Preliminary data suggest that a mul-
tiparametric approach based on the evaluation of iron
metabolism proteins allows to correctly classify more
than 90% of MDS and pathological controls with a ac-
ceptable interobserver reproducibility (47).

In addition, FCM analysis might be helpful in charac-
terization of the sideroblastic anemias, a distinct MDS
subgroup characterized by the presence of ring sidero-
blasts, that is, red cell precursors with mitochondrial
iron accumulation (50). Recent advances in our under-
standing of iron metabolism clarified that iron deposited
in perinuclear mitochondria of ring sideroblasts is pres-
ent in the form of a particular type of ferritin, called mi-
tochondrial ferritin (MtF) (51) that might be a specific
marker of sideroblastic anemia. By using a specific (not
commercially available) marker against MtF, FCM analysis
confirmed that MtF expression is closely related to the
presence of ring sideroblasts in bone marrow (47). Since,

the morphological recognition may be difficult in some
cases, in prospective FCM evaluation of MtF might be
considered a specific marker of these diseases (Table 1).

FCM EVALUATION OF BLAST CELLS AND CD34
COMPARTMENT

Clonal transformation in MDS occurs at the level of a
CD34þ myeloid committed stem cell which has a com-
petitive advantage over normal stem cell compartment
(1). These hematopoietic precursors (blasts) are mor-
phologically defined as ‘‘immature cells with uncon-
densed chromatin pattern, prominent nucleoli, low
nuclear/cytoplasmic ratio, and no/few cytoplasmic gran-
ules’’ (13,16). The evaluation of blast compartment has
diagnostic relevance in the WHO system, (13) and the

FIG. 2. Immunophenotypic analysis of erythroid dysplasia based on
the evaluation of iron metabolism proteins. (A,B) Gating strategy to
identify bone marrow erythroid precursors. Erythroblasts are defined as
CD45low-/SSClow/Gly Aþ cells. Cytosolic ferritin (H subunit) and
transferrin receptor (CD71) expression on erythroid precursors are eval-
uated as mean fluorescence intensity (MFI, defined as the ratio
between the measured MFI of the marker tested and the measured
mean autofluorescence of the cells). Cytosolic H ferritin: (C) Healthy
donor bone marrow; (D) MDS patient bone marrow showing a signifi-
cantly increased expression of H ferritin. Transferrin receptor (CD71):
(E) Healthy donor bone marrow; (F) MDS patient bone marrow showing
a significantly decreased expression of CD71.
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percentage of marrow blasts has recognized to have
prognostic effect by all the currently available prognos-
tic scores (19,52). In the WHO guidelines, despite inac-
curacies inherent in manual differential counting,
morphological analysis is actually the gold standard for
determining blast percentage (12,13). The first attempt
of FCM immunophenotyping was to provide a quantita-
tive estimation of bone marrow blasts with increased
sensitivity and reproducibility with respect to morpho-
logical count (53). Unfortunately, the quantitative evalua-
tion of marrow blasts in MDS by FCM presents both
technical and intrinsic limitations (12,20). First, MDS
blasts are not predominant cells in the bone marrow,

making their reliable analysis difficult and in addition,
blasts lack of a specific immunophenotypic markers
(21). They are identified in the CD45 versus SSC dot-
plot as CD45lowSSClow cells (21,37); however, hypogra-
nular more mature myeloid cells may have decreased
SSC and fall in this region, and it may be difficult to dis-
tinguish monoblasts from more mature monocytes. The
percentage of CD34þ cells determined by FCM has
been tested as substitution for a visual blast count (37).
However, although hematopoietic cells that express
CD34 are blasts, not all blasts express CD34. It should
be considered in addition that marrow samples for mor-
phological evaluation can considerably differ form that

FIG. 3. (A) Detection of marrow dysplasia by analysis of four cardinal parameters of marrow dysplasia for from a single cell aliquot stained with
CD34 and CD45 antibodies. Gating strategy. (a) All nucleated cells (P1) and cells with relatively low SSC (R2). (b) Cells in R2 in panel A were dis-
played on a CD34-versus-CD45 plot, and CD34þ cells with intermediate CD45 expression were gated (P3). (c) Cells in R3 in panel B were displayed
on a CD45-versus-SSC plot. A cluster of CD34þ B-cell progenitors was identified in the lower left region of CD34þ cells (P5). Cells in P4 were com-
posed mainly of myeloblasts and thus called CD34þ Myeloblasts. (d) Granulocytic cells (P6) and lymphocytes (P7) were gated on a CD45-versus-
SSC plot. (e) SSC of lymphocytes (upper panel) and granulocytic cells (lower panel). SSC peak channel values (SSC channel number where the max-
imum number of cells occurs) of both fractions were computed using the software. (f) CD45 expression of lymphocytes (upper panel) and CD34þ
Myeloblasts (lower panel). Mean fluorescence intensity (MFI) of CD45 of both fractions was computed. (B) Detection of marrow dysplasia by analysis
of four cardinal parameters of marrow dysplasia for from a single cell aliquot stained with CD34 and CD45 antibodies. (a–f) Healthy donor bone mar-
row; (A,C,E) bone marrow from representative MDS patients showing an increase of CD34þ myeloblasts (b), a decrease of CD34þ B cell progenitors
(b), a reduced SSC in granulocytic cells (d) and an aberrant expression of CD45 on myeloblasts (f).
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for FCM analysis. Hence, the percent of CD34þ cells
determined by FCM as substitution for a visual blast
count in MDS is discouraged by current WHO classifica-
tion (12,13).

More interesting results in the light of a diagnostic
application of FCM in work-up of MDS patients derive
from the analysis of immunophenotypic abnormalities of
CD34þ cell compartment (21,53–55). As underlined
above, CD34þ cell compartment is peculiarly perturbed
in MDS and therefore CD34-related parameters are good
candidates for the identification of diagnostic markers for
these disorders (1,8,9). Clonal transformation in MDS
occurs at the level of a CD34þ myeloid committed stem
cell. Accordingly, the proportion of CD34þ cells is signif-
icantly higher in MDS with respect to healthy subjects,
and the great majority of cells are committed to the mye-
loid lineage (CD34þCD38þHLA-DRþCD13þCD33þ)
(21,37,55,56). In addition, a significant down-regulation
of B-cell lineage-affiliated genes was observed in CD34þ
cells isolated from low-risk MDS with respect to healthy

controls and patients with nonclonal cytopenia, and a
reduction in stage I hematogones is one of most consist-
ent immunophenotypic findings in MDS patients (57–
59). In different studies, a significant decrease of CD34þ
B cell progenitors was observed in 40–70% of subjects
with a conclusive diagnosis of MDS and in 20–40% of
patients with nonclonal cytopenia (56,57,59,60) The
analysis of both percentage of CD34þ myeloblasts and
CD34þ B cells was found to have little interobserver var-
iability (31,56,60).

Several other immunophenotypic abnormalities on
MDS CD34þ cell compartment were reported, including
asynchronous co-expression of stem-cell and late-stage
myeloid antigens (CD117, CD15, and CD11b) or abnor-
mal expression of lymphoid markers (CD2, CD5, CD7,
CD19, and CD56) (26,27,29,55,61). However, most of
these parameters do not have adequate reproducibility
in the MDS setting (31,60) with the exception of lym-
phocytes-to-myeloblasts CD45 ratio that ensures accepta-
ble interobserver variability by adjusting data on target
cells with those on lymphocytes in the same sample
(31,60).

The analysis of percentage of CD34þ myeloblasts,
CD34þ B-cell progenitors and myeloblast CD45 expres-
sion by FCM has little interoperator variability and
appears to be applicable in many laboratories (56,60).
When combined together with the evaluation of SSC on
granulocytes, these parameters differentiate correctly
the majority of MDS and pathological controls, sensitiv-
ity ranging from 30 to 70% and specificity ranging from
80% to more that 90% in different studies, (56,60; Fig. 3
and Table 1). A study evaluated the expression of CD38
on CD34þ cell compartment as a diagnostic test in MDS
(58). B-cell progenitors have high CD38 expression, and
a lower number of B-cell progenitors in MDS would
reduce the mean fluorescence intensity of CD38 on
CD34þ cells. In addition, the expression of CD38 on
CD34þ cells would be further reduced in high-risk MDS
as this condition has a higher number of immature
CD34þCD38- progenitors. In this study, the reduced
expression of CD38 on CD34þ cells below a threshold
value diagnosed low-grade MDS with high sensitivity and
specificity (>90%;58).

Interestingly, the evaluation of CD34-related parame-
ters seems to be useful in establishing the diagnosis of
MDS also in patients without specific markers of mar-
row dysplasia (such as ring sideroblasts and/or clonal
chromosomal abnormalities) (60). As underlined before,
a critical issue for the morphological evaluation of mar-
row dysplasia is that it may be hampered by the pres-
ence of hypocellularity, fibrosis, or inadequate specimen
collection. In this context, the great majority of marrow
samples even if diluted with peripheral blood, provides
accurate data for most CD34-releted parameters (56,60).
All these findings strongly suggest that CD34-related pa-
rameters are good candidates for the identification of
diagnostic markers that not only can be used for the di-
agnosis of MDS patients but also are relatively stable and
result in acceptable between-operator data variation.

FIG. 3. (Continued)
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CONCLUDING REMARKS

The implementation of WHO classification of MDS in
clinical practice compels a refinement of the accuracy
to detect marrow dysplasia. FCM immunophenotyping
has been proposed as a tool to improve the evaluation
of marrow dysplasia. To become clinically applicable,
FCM analysis should be based on parameters with suffi-
cient specificity and sensitivity, data should be reproduc-
ible between different operators, and the results should
be easily understood by clinicians. With respect to this
ideal situation, the results of the studies that pointed
out the feasibility of immunophenotyping in diagnostic
work-up of MDS patients raise some concerns: no single
marker has proved able to discriminate accurately
between MDS and other pathological conditions, no
consensus exists on which diagnostic parameters are
the most appropriate, and published protocols are
mainly based on a qualitative analysis of cytometric vari-
ables thus limiting a wide clinical implementation. How-
ever, in recent years significant progresses were made.
Clonal transformation in MDS occurs at the level of a
CD34þ committed stem cell, and therefore CD34-related
parameters are good candidates for identification of diag-
nostic markers for these disorders. More consistent
immunophenotypic aberrations reported in MDS CD34þ
cell compartment are increase of CD34þ myeloblasts,
decrease of B cell progenitors, coexpression of stem
cell—and late stage—myeloid antigens, expression of
lymphoid antigens and abnormal CD45 expression.
Increasing evidence suggests that these parameters have
little interoperator variability and, when combined, are
able in discriminating between MDS (including those
subjects without robust markers of dysplasia) and
patients with nonclonal cytopenia.

Evaluation of erythroid dysplasia represents a chal-
lenge in the immunophenotypic analysis of myelodys-
plastic marrows due to a limited availability of specific
markers. A promising approach to overcome this limit is
the analysis of proteins involved in cellular iron metabo-
lism that is clearly important in erythroid cells for heme
production and is peculiarly perturbed in MDS. MDS ery-
throid cells present an ‘‘iron-loaded’’ phenotype charac-
terized by increased ferritin contents and reduced
transferrin receptor (CD71). Both ferritin and CD71
expression reflects the degree of dysplasia assessed by
morphology and is closely related to the myelodysplastic
phenotype in in vitro models.

Several data also suggest that immunophenotypic
aberrancies reflect the disease severity and in particular
the degree of marrow dysplasia. WHO classification
emerged as important prognostic tool and interesting
data have been reported on the ability of the WHO clas-
sification to guide clinical decision making regarding
therapeutic choices. In this context, the possibility to
recognize patients with unilineage versus multilineage
dysplasia by FCM with higher sensitivity with respect to
morphology might have important clinical implications.
Moreover, variables related to sample quality appear to

be less significant in immunophenotypic analysis than in
morphological evaluation.

A standardized application of FCM in the diagnosis of
MDS also requires a minimal variability in sample proc-
essing, antibody combinations and data acquisition. In
fact, the inherent variability of instrument set-up can
give significant differences in the data collected between
and within institutions. Similarly, differences in reagents,
especially the fluorochromes used, will result in incon-
sistent sensitivity and specificity of data (23,30). The Eu-
ropean LeukemiaNET (ELN) working group for FCM in
MDS started a consensus process on how to standardize
sample collection/preparation and data acquisition (23).
It is expected to significantly improve the diagnostic ac-
curacy of FCM in MDS.

According to the available evidence and published
diagnostic guidelines (7,13,28–30), in clinical practice
immunophenotyping is strongly indicated in the screen-
ing evaluation of patients with peripheral blood cytope-
nia: in this clinical situations, it can provide a sensitive
screen for the presence of hematologic malignancy and/
or assist in demonstrating the absence of disease. In
addition, when morphology and cytogenetics are inde-
terminate, an abnormal phenotype determined by FCM
can help to establish a definitive diagnosis of MDS.
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