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INTODUCTION

* The myelodysplastic syndromes (MDS)
are clonal stem cell diseases
characterized by ineffective hematopoiesis

with

dysp
deve

neripheral cytopenia(s),morphological
asia, and increased risk of

opment of acute myeloid leukemia

* The current diagnostic approach to

patie
stain

nts with MDS includes: CBC,BM,iron
and cytogenetics.



* The previous use of FC in MDS has been
primarily restricted to the characterization of
blast cells In secondary acute leukemia
following MDS

* Myeloid and monocytic dyspoiesis identified
as phenotypic abnormalities by FC in MDS
correlates with the International Prognostic
Scoring System (IPSS), the WHO-adjusted
prognostic scoring system (WPSS),
transfusion dependency, and time-to
progression to advanced MDS/AML, as well
as with outcome.



* Immunophenotypic aberrancies of
myeloblasts,e.qg. over- or decreased
expression of common myeloid antigens
or expression of lineage infidelity markers,
such as CD7 and TDT may have
Independent prognostic impact even if the
percentage of blasts in the bone marrow Is
lower than 5%.



» Lately FC has been utilized in diagnhosing
low grade MDSs which do not display
morphologic dyspoiesis or chromosomal
aberrations.

* FC Is also used in Disease monitoring In
MDS by sequential analysis of
characteristic aberrancies.



 patients can also be monitored by FC to
determine disease progression (increased
abnormalities) or response to therapeutic

Interventions.

« Stable FC aberrancies during treatment may
spare patients long-term treatment with
iIneffective drugs with potential toxicity.



NORMAL HEMATOPOIESIS

* Normal hematopoiesis begins with bone
marrow stem cell proliferation giving rise to
cells capable of differentiation along
multiple lineages.

* The differentiation of each lineage occurs
In a relatively linear fashion through a
sequential series of stages, which result in
fully functional mature forms.
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Figure 4.1 Antigen expression of major cell types during normal hematopoiesis. Abbreviatiorns:
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TdT, terminal deoxynucleotidyl transferase.
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Figure 8.5 Expression of various antigens during myeloid maturation.
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Figure 4.6 Antigen expression during normal monocytic differentiation.




Red celis are lysed and do not appear on flow
cytomelry dot plots

Granulocytes (gray dotsy have dimmer
expression of CD45 (x-axis), than
lymphccytes and monocytes, but display
much higher side scatter. The latter
corresponds to cytoplasmic granularity.

Bone marrow aspirate

Monocytes (blue dots) have bright CD45
expression (x-axis) and mildly increased
side scatter [y-axis). when compared to
lymphocytes. Side scatter corresponds to
minimal cytopiasmic granularity of
monocytes

Side scatter

Lymphocytes {red dots) are characterized by
bright CD45 expression (x-axis) and agranular
cytoplasm. Therefore they display low side
scatter (y-axis).

cells Blasts have dim to moderate
:iea;ﬁ“:e and ::V:MS expression of CD45 (x-axis) and
lonw i stamt low to minimally increased

side scatlter {y-axis)

Figure 2.8 Gating strategy. Part of the sample from the bone marrow aspirate or blood (tube) is smeared on the microscope
glass slide for morphologic correlation, while the rest is incubated with antibodies, lysed, fixed, and submitted for flow cytom-
etry analysis (see text for details).
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Figure 2.17
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* In disease states alterations in antigenic
expression occur, which reflect
abnormalities In maturation or function.

* These alterations can be used in the
diagnosis and monitoring of the disease.



» Blasts in MDS can show increased
fluorescence intensity for CD117, CD13 or
CD33, decreased CD45 and CD38, or
aberrant expression of lymphoid antigens
such as CD2, CD5, CD7, and CD56, and
paradoxical expression of mature myeloid
antigens, such as CD65, CD15, CD10,
CD11b.



» Hypogranularity in maturing myeloid cells can
show decreased side scatter.

 Monocytes can show increased numbers,
decreased CD14, CD64, CD33, CD11b,
CD13, or aberrant CD56 and CD2 expression.

« Maturing myeloid cells can also show altered
maturation patterns of CD13/CD16 and
CD11b/CD16 and, or decreased fluorescence
Intensity of mature myeloid antigens such as
CD10, CD15, and CD33



Standardization of flow cytometry in
myelodysplastic syndromes:

report from the first European

LeukemiaNet working conference
on flow cytometry in myelodysplastic

syndromes

ArjJan A. van de M.et al.

Haematologica 200884 1124-1134



Table 1. Parameters scored as aberrant in the immature compartment.

Myeloblasts h B cell progenitors %

Increased percentage’ al Decreased number/percentage’ 8l
increased number/percentage 45

Abnormal granularity (55C)° 7

Abnormal expression of CD4Y 100

Abnormal expression of CDI3 100

Abnormal expression of CD33 100

Abnormal expression of CDH! 9l

Abnormal expression of CD1 1T 8l

Expression of CDI1K 8l

Expression of CD13* iz

Abnormal expression of HLA-DR! 55

Expression of CD36 45

Abnormal expression of TdT 3

Expression of CDM1/CD42b/CD6] 3

Expression of CD38 &

Expression of CI4 18

Expression of lineage infidelity marker CDZ* 8l

Expression of lineage infidelity marker CD5* 8l

Expression of lineage infidelity marker COT 9l

Expression of lineage infidelity marker CD1%* al

Expression of lineage infidelity marker CDA6" a

' percentage of survey participants who analyzed a given aberrancy; “considered as relevant finding,



Table 2. Parameters scored as aberrant in the maturing myeloid and monoeytic compartment.

Granulocytes (maturing myeloid cells) % Monocytes %
Decreased myeloid es. lymphoid ratio (<1) a6 Decreasedfincreased as compared to lymphocytes® 45
Abnormal granularity (S5C)° 100 Abnormal granularity (55C) 45
Abnormal expression of CD45* b4 Abnormal expression of CD45 5
Asynchronous shift to the left i Abnormal distribution of immature/mature cells

Abnormal CD16/CD13 pattern’ il Abnormal expression of CD33* 13
Abnormal CD1IWCDI3 pattern* 13 Expression of HLA-DR 13
Abnormal expression of CD33 13 Abnormal CD1Ib/HLA-DR pattern’ 13
Expression of CD3* 1 Expression of CDi34 13
Expression of HLA-DR 73 Abnormal expression of CD14 13
Abnormal expression of CD15 55 Abnormal expression of CD13* (k]
Abnormallack of expression of CDI0 4 Abnormal expression of CO36 45
Abnormal expression of CD36 45 Abnormal expression of CD64 Bl
Abnormal expression of CD64' 6 Abnormal expression of CD1 lc 13
Abnormal expression of CD66 a1 Abnormal expression of CD15 g
Abnormal expression of CD16 9

Expression of lineage infidelity marker CD2* 13 Expression of lineage infidelity marker CD2* 13
Expression of lineage infidelity marker CD5 13 Expression of lineage infidelity marker CD5* 13
Expression of lineage infidelity marker CDT il Expression of lineage infidelity marker CDT* 13
Expression of lineage infidelity marker CD1¥ il Expression of lineage infidelity marker CDI% 13
(Overexpression of CD56 45 Overexpression of CD56 41

'percentage of survey participants who analyzed a given abermancy; *considered as relevant finding.



Table 5. Example of a screening panel for 4-color flow cytometry of
dysplasia in myelodysplastic syndromes.

1 CD45

2 CDT1 CD235a CD45 CD117
3 CD36 CDe4 CD45 CDI14

4 CD10 CD33 CD45 CDI14

5 CDl& CDI13 CD45 CDI11lb
6 HLA-DR CDI17 CD45 CDIlb
7 CD13+CD33  CDIIT CD45 CD34

8 CD13 CD7 CD45 CD34

9 CDZ CD56 CD45 CD34

10 CD5 CDI15 CD45 CD34

11 CD15 CDI1lb CD45 CD34

This panel was modiffed from a panel defined by the Duarch working party "FOM in
MIOS" of the Datch Society or Ovtometry (IWVO) It showld be of note that the con-
struction of a panel depends on the available Ruworochrome conjudates, antibodies
ard instrument performance charocteriztics.



Forward scatter

IMMUNOPHENOTYPIC FEATURES OF DYSPOTESIS

2621494 <
A ]
196610
Maturing myeloid cell
with low side scatter :
=
=3
= 131077
@
— Blasts
¥ =
85543
10 — e
10 10%

Blasts (circle) are positive for CD34, CD117, In contrast to blasts, maturing myeloid elements
and HLA-DR (granulocytes are negative) are strongly positive for CD11b, CD15, and CD16

262144

204108

146072

8ssozs 5
T

T T T T . T x * T = T
10% 10% 1o* 10% 10" 107 10° 10° 10%
CcD34a TD11b
262144
20«108
1as072
ssoss
S T T T T T T T T
10" 10= 10% 10° 10 107 102 10™ 10* 10°
CD117 CcD1s
262124
2c«108
1aso7= i
ssoae
30000 T T T T -y
10% io® 10® 107 10° 10%
CcD16




Forward scatter

CD1lb

v oy ey T v
o' w? 10! 0 0’ w0' 0 !

HLA-DR

Figure 8.6 MDS — flow cytometry (dysgranulopoiesis). MDS — flow cytometry (dysgranulopoiesis). (A—C) CD10 expression.
(A) Normal (control) sample with positive CD10 expression (arrow). (B) MDS with partial loss of CD10 expression; only minute
subset of granulocytes (arrow) is CD10+. (C) MDS with complete lack of CD10 expression by granulocytes. (D-F) Expression
of CD11b and HLA-DR. (D) Normal (control) sample. (E-F) Granulocytes in MDS show decreased CD11b expression and

increased HLA-DR expression. In pronounced cases a typical “window” pattern (C) is evident (compare with A).
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Figure 6.6 Flow cytometric feature of myelodysplastic syndrome—aberrant expression of CD11b and CD33. (A and B) Normal (control) sample with variable bu

mostly bright expression of CD11b. Panels C to E show downregulation of CD11b (arrow), either on subset (C) or majority of granulocytes (D and E). Panel D shows
decreased CD33 expression.
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Figure 8.7 MDS - flow cytometry (dysgranulopoiesis). Up-regulation of CD56 expression in MDS. (A) Normal (control)
sample. (B) MDS with up-regulation of CD56 on a minute subset of granulocytes (arrow). (C) MDS with marked up-regulation
of CD56 (arrow).
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Floww oytometric amnmalysis of granulocytic population  in
PAADS and contral cases: CD10 exprassion on granulocytic
population in control (A) amnd in PMDS cases (B). Reduced
expression of COD10 on granulocyte populations can be
seaemn in MDS patients (p=0.000). Proportion of D34+
granulocytes inmn control (C) and in BMDS cases (D).
Expression of CD34+ granulocytes was higher (p=0.218) in
PADS cases as compared to control (Mormally CD34 s
appeared on the surface of imMmmature cells but in MDS
can be seen omn Mmature cells).



conclusion

* The use of FC in the diagnosis of MDS can be
applied with standardized panels and protocols
using the most diagnostically useful abnormal
antigen patterns. However large prospective
clinical studies must be completed to better
define the importance of each abnormality that is
easy to interpret, reproducible within and
between laboratories, and encodes the maximal
Information for assisting diagnosis.









