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Myeloid enzymes profile related to the immunophenotypic characteristics
of blast cells from patients with acute myeloid leukemia (AML) at diagnosis
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The purpose of this study was to assess the possible relationship between the cytochemical enzyme profile and
immunophenotypic characteristics of distinct acute myeloid leukemia (AML) subtypes in discrete stages of leukemic cells
maturation. As the proportion of leukemic blast cells is critical for exact cytochemical analysis, study was restricted to the
evaluation of 48 adult and pediatric patients with newly diagnosed AMLs with 80% or more blasts in analyzed samples. The
cytochemical investigation of myeloperoxidase (MPO), Sudan black B (SBB), chloroacetate esterase (CAE), a-naphthyl
butyrate esterase (ANBE), a-naphthyl acetate esterase (ANAE) and acid phosphatase (AP) in peripheral blood and/or bone
marrow was performed. The immunophenotype was examined for the maturation dependent myeloid antigens CD13,
CD33, CD11b, CD14, CD15, CD65, CD36, cytoplasmic MPO, non-lineage associated CD34 and HLA-DR antigens, lym-
phoid-associated antigens CD7, CD4, CD38 as well as natural killer cell associated marker CD56. Flow cytometry by dou-
ble marker staining and visualization of pathologic cells in dot plots reflected immunophenotypic aberrancy and degree of
cell maturation. The patients were classified into AML subtypes M0-M2, M3, M4 and M5 according to the main morpho-
logical, cytochemical and immunophenotypical features. The variable combinations of MPO, SBB, CAE and ANBE were
identified in relation to immunophenotype. The cytochemical profile of blasts was in concordance with immunophenotype,
particularly in more differentiated AML subtypes, M3, M4 and M5. The findings of myeloid antigens expression and
cytochemical features in poorly differentiated AML subtypes showed no practical relevance of cytochemical analysis. Not-
withstanding that the cytochemical analysis of AML subtypes not sufficiently identifies the distinct aberrancies in heteroge-
neous leukemic blast cell populations, evaluation of the cytochemical profile in connection with immunophenotyping may

help to classify the AML patients to relevant subtypes with more accuracy.
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AML is a heterogeneous group of leukemias characterized
by the blockage of myeloid differentiation at different matu-
ration stages, which define distinct subtypes. Several sub-
populations of the leukemic clone can be involved and the
stage of the maturation arrest may have an impact on the abil-
ity to identify pathologic cells precisely [1, 6, 25].

Although the French-American-British (FAB) morpho-
logic/cytochemical criteria still play a relevant role in the ini-
tial AML diagnosis and basic characterization of distinct
maturation features [9, 10], immunophenotyping is nowa-
days an important method [5, 6, 7, 13]. In fact, imuno-
phenotyping by the flow cytometry has ability to precisely
identify, characterize and enumerate the myeloid blast cells.

“This work was supported by the Grant No0.2/4021/24 from the Slovak
Grant Agency.

By immunophenotyping it is possible to discriminate the
pathologic cells from normal cells, identify the aberrant phe-
notypes of blast cells, to define the cross-lineage antigen ex-
pression, antigen overexpression, asynchronous antigen ex-
pression, absence of lineage specific antigens and abnormal
FSC/SSC position of leukemic blasts visualized in the dot
plot [3, 5, 6].

The precise pathologic classification of blast cells, besides
the cytomorphology, cytochemistry and immunophenotyping
requires in some cases also the detection of cytogenetic abnor-
malities for prognostic and therapeutic purposes [2, 4, 8].

Leukemic myeloblasts express a variety of leukocyte dif-
ferentiation antigens, which reflect commitment to the
myeloid lineage, level of maturation as well as provide the in-
formation on the degree of blast cells heterogeneity [6, 7, 13,
25]. AML constitutes the group of leukemias composed by
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less (MO, M1, M5a), more (M2, M3, M5) differentiated and
by single (M1, M3, M5) or mixed (M4, M6, M7) cell lineage
leukemic blasts [6].

On the other hand, the presence of cytochemically demon-
strated myeloid enzymes, MPO, SBB, non-specific and spe-
cific esterases (ANAE, ANBE, CAE) in the blast cells repre-
sent another important marker of myeloid origin of AML with
possibility to characterize its maturation degree [15, 17, 20].

Literature data comparing flow cytometry and enzyme
cytochemistry are limited [14, 20, 23].

The EGIL (The European Group for Immunological Clas-
sification of Acute Leukemias) reported following: “it is
agreed by the group that all the data must be referred to the
blast cells” [7]. According of this statement it is supposed
that the exact cytochemical identification of AML subtypes
can be conditioned by the percentage of blasts in analyzed
samples.

The purpose of the present study was to evaluate critically
the association between the cytochemical enzyme profiles
and immunophenotypic features of blast cells in the context
of the discrete stages of leukemia cells maturation in the
AML patients, whose bone marrow and/or peripheral blood
were infiltrated with 80% or more leukemic blast cells at di-
agnosis. In addition, we looked for the possible discrepancies
between the cytochemical and immunophenotypic results.
Finally, we judged the role of enzyme cytochemistry in clas-
sification of AML subtypes.

Material and methods

Patients and leukemic samples. A total of ninety-one pa-
tients, both children and adults, with the newly diagnosed,
previously untreated acute myeloid leukemias (AMLs) were
included in this study. All patients had originally been evalu-
ated in the period of December 1999 to May 2004, according
to the criteria of the FAB cooperation group on the basis of
May-Griinwald-Giemsa staining smears of peripheral blood
(PB) and/or bone marrow (BM), integrated by the enzyme
cytochemical analysis and immunophenotyping. As the num-
ber of pathologic cells is considered being critical for the pre-
cise cytochemical diagnosis of AML subtypes, we selected
from these cases those with 80% or more leukemic blast cells
in analysed samples. The selected group with 80-100% blast
cells in PB and /or BM consisted of 48 patients. The median
percentage of blast cells was 89.3+1.8. There were 24 males
(50%) and 24 females (50%). Six of the patients (12.5%)
were children with a median age of 8.1£5.1 years (range
1-15). The median age of 42 adult cases (87.5%) was
56.8+17.2 years (range 21-82). The mean WBC count for all
patients was 96.7+94.8.

In terms of FAB criteria, 30 of 48 selected cases (62.5%)
belong to less mature MO/M1/M2 AML subtypes (3 were
AML-MO, 17 M1, and 10 M2), ten of patients suffered from
AML-M3 (16.7%). Five cases were AML-M4 (10.4%) and
five were AML-MS5 (10.4%). The AML subtypes M6 and M7

were not observed among the followed patients. The controls
were 10 subjects who underwent BM aspiration for clinical
diagnosis but whole BM and PB contained no pathologic
cells.

Enzyme cytochemistry. The AMLs were diagnosed with
help of light microscopy cytochemistry. PB and BM cells
were routinely stained for the presence of myeloperoxidase
(MPO), Sudan black B (SBB), naphthol AS-D chloroacetate
esterase (CAE), a-naphthyl acetate esterase (ANAE) inhib-
ited or not by sodium fluoride, 0-naphthyl butyrate esterase
(ANBE) and acid phosphatase (AP) (Sigma-Aldrich Chemie
GmbH, Germany) by a standard procedures. At least 300
cells were counted to determine the percentage of positive
cells. Stain positivity for MPO and SBB was determined if
the reactivity was present in 5-10% of the blast cell popula-
tion but CAE and ANBE required >20% positivity.

Immunological marker analysis. Fresh, heparin anti-
coagulated PB and/or BM samples were immunophenotyped
at diagnosis. Analysis of leukemic cells was performed either
after the isolation by a standard gradient technique or by us-
ing an erythrocyte lysed-whole blood method with Optilyse
as a lysing agent (Optilyse B, Immunotech, France). The cell
surface and cytoplasmic antigens were detected using single
and/or dual color techniques with fluorescein isothiocyanate
(FITC) and phycoerythrin (PE) conjugated monoclonal anti-
bodies (MoAbs). A large panel of MoAbs defining the
myeloid lineage (CD13, CD33, anti-MPO), degree of
myeloid cell differentiation (CD15, CD11b, CD14, CD65,
CD36) and cell immaturity/non lineage restricted (CD34,
HLA-DR, CD45) was utilized. The CD4, CD7 and CD38 as
lymphoid cell markers and the natural killer (NK) cell associ-
ated marker CD56 were also used. MoAbs were purchased
from Immunotech, Beckman Coulter Company, Marseille,
France. Flow cytometric analysis was performed on both
FACStar (Becton-Dickinson, USA), where data were ana-
lyzed using Consort 30 Data Management System and
EPICS ALTRA flow cytometer (Beckman Coulter Interna-
tional S.A, USA) equipped by Expo 32 program for analysis.

In some cases with negative MPO cytochemistry, the cyto-
plasmic detection of MPO using an anti-MPO (clone
CLB-MPO-1, Immunotech, France) in fixation/permea-
bilization IntraPrep method according to the instructions pro-
posed by Immunotech (Beckman Coulter, Marseille, France)
was performed.

Identification of leukemic blast cells was performed using
forward (FSC) versus side scatter (SSC) parameters and/or
CD45 intensity versus SSC dot plots. Gating of cells was im-
portant to differentiate between pathologic blasts and normal
cells. The results of each antigen were expressed as percent-
age positivity stained cells within the gated blasts population.
In all cases, isotype-matched immunoglobulins with no reac-
tivity to PB and BM cells were used as negative control.

Statistical analysis. Student’s t-test for equal and unequal
variance was used to analyse the statistical significance of the
results. P values <0.05 were considered significant.
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Results

The main characteristics of AML patients, both children
and adults, evaluated in this study at diagnosis are summa-
rized in Table 1. Forty-eight (48) selected cases with 80% or
more blast cells were included in the study. The mean per-
centage of blasts in analyzed PB and BM samples was
89.3+1.8 (range, 80-100). The median WBC count was
96.7+94.8 and did not differ significantly among the individ-
ual AML subtypes for the wide range of data variation
(6415 x 10°/1).

Table 1. Characteristics of AML patients at diagnosis

Number of patients 48
Sex
Male 24 (50%)*
Female 24 (50%)
Age (years)

Adults (42 patients, 87.5%)
Children (6 patients, 12.5%)

56.8+17.2 (21-82)°
8.16 £ 5.1 (1-15 years)
WBC (x10°/L) 96.7 £ 94.8 (6-415)°

Percentage of LBC (range) 89.3 + 1.8 (80-100)

FAB
MO/M1/M2 30 (62.5)°
M3 8 (16.7)
M4 5 (10.4)
M5 5 (10.4)

“number of patients (%), "median+ SD (range), LBC — leukemic blast cells

The AML patients were diagnosed by morphology and
cytochemistry according to the FAB criteria and by immu-
nophenotyping. Cases were categorized according to the de-
gree of maturation into AML subtypes as follows:
AML-MO0/M1/M2 (total 30 patients, 62.5%; MO in 3 cases,
6.3%; M1 in 17, 35.4% and M2 in 10 patients, 20.8%),
AML-M3 in 8 patients (16.7%), AML-M4 in 5 cases (10.4%)
and AML-MS5 (10.4%). Table 2 shows the antigens distribu-
tion in AML patients. The cytochemical profile of AML pa-
tients is recorded in Table 3.

In the present study we looked for the possible relation be-
tween the immunophenotypic characteristics and cyto-
chemical enzyme profiles in distinct subtypes of AML
patients.

It appears that three of AML patients fulfilled the criteria
of MO subtype. The high expression of cytoplasmic MPO,
negativity for CD13 and CD33 antigens, the CD34, HLA-DR
and CD7 co-expression, lack of expression of lymphoid-spe-
cific antigens, along with more than 90% of blast cells
(91.3+2.3) in gated population were the characteristic
immunophenotypic features. Moreover, cytochemical stain-
ing for the myeloid enzymes MPO and SBB was negative

(less than 3% of cytochemically detected MPO or SBB
positivity) (Tab. 2, 3, 4; Fig. 1). Some of blast cells showed a
faint diffuse positivity for AP and ANAE (not inhibited by
sodium fluoride) (data not shown). Sodium fluoride (NaF)
inhibits the enzymatic activity in monocytes.

The differences between AML-M1 (without maturation)
and M2 (with maturation) subtypes in their immunopheno-
typic characteristics are shown in Table 2. The percentage of
blast cells was relatively similar (87.8+5.4 and 90.8+4.2, re-
spectively) (Tab. 4). The varying number of patients express-
ing CD13 and CD33 in their blast cells was found. The CD34
expression was more frequent in AML-M1 than that in M2
patients. HLA-DR was found in the majority of patients.
Co-expression of CD7 and CD38 with myeloid markers was
seen to decrease in AML-M2 patients. The number of pa-
tients with maturation dependent CD11b and CD65 antigens
expression was higher in AML-M2 than those in AML-M1
ones. One of eight AML-M2 patients displayed monocytic
CD14 antigen expression.

Cytochemically detected MPO and SBB were the charac-
teristic features of blast cells of all AML-M1 and M2 pa-
tients. The CAE (granulocyte differentiation marker) ap-
peared in blast cells of some patients with AML-M2 subtype.
Myeloid blasts lacked the positivity for ANBE in both M1
and M2 subtypes (Tab. 2, 3, 4; Fig. 2, 3, 7, 8, 9). On the other
hand, blast cells of some patients with AML-M1 subtype pre-
served its AP and ANAE positivity (no inhibited by sodium
fluoride) (data not shown).

The immunophenotype of AML-M3 subtype, with the
range of promyelocytic blast cells from 84 to 95%
(91.0+4.7), was characteristic by the expression of CD33 and
CD13, CDI11b and CD65 antigen. The CD56 expression was
observed in 25% of patients. The CD14 expression was not
noticed. The absence of CD34 and HLA-DR was the most
characteristic feature of this subtype (Tab. 2).

Cytochemical evaluation demonstrated strongly positive
reaction for MPO (87.0£8.1% positive cells in the blast pop-
ulation) and SBB (91.8+5.5%) in all patients, CAE positivity
(range from 24 to 64%) was seen in 5 of 8 cases. No subset of
blast cells showed positivity for ANBE (Tab. 3, 4; Fig. 4,
7-10).

The immunophenotype of acute myelomonocytic leuke-
mia (AML-M4) with the median percentage of blast cells
88.445.9 (range 80-95%) represented an immunologically
heterogeneous population with more mature cells predomi-
nance. The expression of CD33, CD11b, CD65 and HLA-DR
was found in all of patients. Many of patients expressed
CD13, CD14, CD15 and CD4 antigen (Tab. 2).

By cytochemical analysis, marked enzymatic heterogene-
ity was noticed, with a variable proportion of positive blast
cells. All patients displayed positivity for MPO (16.5+13.6%
of positive blasts, range 10-43), SBB (45.2+29.5%, range
14-89), CAE (40.246.7%, range 34-50) and ANBE
(54.5+15.4%, range 34-59) (Tab. 3, 4, Fig. 5, 7-10). The pro-
portion of pathologic cells with the features of both,
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Table 2. Imnmunophenotypic characteristics of patients in AML subtypes

MO Ml M2 M3 M4 M5
Antigen n=3 n=17 n=10 n=8 n=5 n=5
HLA-DR 3/3 (100)* 16/17(94) 8/10 (80) 0/8 (0) 5/5(100)  5/5(100)
CD34 3/3 (100) 9/16 (56) 3/9 (33) 0/8 (0) 2/5 (40) 0/5 (0)
CDI13 0/3 (0) 10/17 (59) 8/10 (80) 2/8 (25) 2/5 (40) 1/5 (20)
CD33 0/3 (0) 12/17(71) 9/10 (90) 8/8 100) 5/5(100)  5/5(100)
cMPO 3/3 (100) 6/6 (100) ND ND ND ND
CDl11b 0/3 (0) 4/12 (33) 5/9 (56) 4/8 (50) 5/5(100)  5/5(100)
CD14 0/3 (0) 0/16 (0) 1/8 (12) 0/8 (0) 3/5(60)  4/5(80)
CDI5 0/3 (0) 0/7 (0) 0/4 (0) ND 2/5 (40) 2/3 (67)
CD65 0/3 (0) 1/15(7) 2/8(25) 3/8 (37) 5/5(100)  2/5 (40)
CD7 3/3 (100) 9/13 (69) 1/5 (20) 0/8 (0) 0/5 (0) 0/5 (0)
CD38 0/2 (0) 10/15(67) 3/6 (50) 0/4 (0) 1/5 (20) 1/5 (20)
CD4 ND ND ND ND 2/5 (40) 3/5 (60)
CD36 ND ND ND ND 0/5 (0) 1/5 (20)
CD56 ND 0/6 (0) 0/2 (0) 2/8 (25) 0/5 (0) 2/5 (40)
* number of antigen positive patients/number of tested patients (% of positive cases)
Table 3. Cytochemical features of patients in AML subtypes

MO Ml M2 M3 M4 M5
Enzyme n=3 n=17 n=10 n=8 n=5 n=5
MPO 0/3 (0)* 17/17(100) 10/10(100) 8/8 (100)  5/5(100) 5/5(100)
SBB 0/3 (0) 17/17(100) 10/10(100) 8/8 (100)  5/5(100) 5/5(100)
CAE 0/3 (0) 0/15(7) 4/10 (60) 5/8 (63) 3/5 60) 0/5 (0)
ANBE 0/3 (0) 0/17(0) 0/10 (0) 0/8 (0) 5/5(100)  5/5(100)
AP 3/3 (100) 3/11(27) 0/6 (0) ND ND ND
ANAE* 3/3 (100) 3/11 (27) 0/6 (0) ND ND ND
ANAE** ND ND 0/6 (0) ND 5/5(100)  5/5 (100)

‘number of enzyme positive patients/number of tested patients (% of positive cases), ND —not done,

*ANAE not inhibited by sodium fluoride, “ANAE inhibited by sodium fluoride

Table 4. Relationship between the percentage of positivity of myeloid enzymes and AML sub-

types
MO M1 M2 M3 M4 M5
n=3 n=17 n=10 n=8 n=5 n=5
% of blasts 91.3+2.3% 87.8+5.4 90.8+ 4.2 91.0£4.7 88.4+59 87.0+4.7
90-94° 80-97 84-100 84-95 80-95 81-93
36.7+30.7¢ 58.2+19.8 87.0£8.1 16.5£13.6  9.7+8.9
0,
MPO =3% 11-84° 27-97 78-97 1043 7-25
+ + + + +
SBB <39 58.1+32.3 80.5+16.8 91.8+5.5 452429.5 10.6+6.1
10-97 43-97 82-98 14-89 7-21
CAE ne ne 37.0+£14.2 41.1£20.9 40.2£6.7 ne
g g 24-61 24-64 34-50 g
54.5+£15.4 86.4+5.0
ANBE neg neg neg neg 34-59 80-92

*median percentage of blast cells + SD, Prange, “mean percentage of enzyme positive cells + SD

granulocyte and monocyte in the single
cell displayed a combined staining of
blasts with CAE and ANBE. Three types
of cells were found, myeloid cells with
only CAE, monocytes with only ANBE
and cells with myelomonocytic appear-
ance (CAE and ANBE in the same blast)
(data not shown).

The immunophenotype of acute
monocytic leukemia (AML-M5) patients
with the 87.0+4.7% (range 81-93) of blast
cells in gated population was associated
with the expression of HLA-DR, CD33,
CD11b, CD15, CD65, CD4, CD36 and
CD56. The CD14 antigen, whose expres-
sion is considered as a marker of
monocytes, was positive in four of five pa-
tients (80%) (Tab. 2).

Cytochemical profile of AML-MS5 sub-
type exhibited the high proportion of
blasts positive for ANBE (86.4+5.0%,
range 80-92) in all tested patients. We
consider this monocyte marker to be more
sensitive and selective than that of ANAE
inhibited with sodium fluoride. According
to our experience, the monocyte staining
reaction with a-naphthyl butyrate as sub-
strate appeared too more expressive than
that of a-naphthyl acetate. Although the
MPO and SBB were found in all patients,
the proportion of positive blast cell in pop-
ulation was relatively low (9.7+8.9% and
10.6+£6.1%, respectively). The CAE
negativity was found in all M5 patients
(Tab. 3, 4; Fig. 6-10).

Of note was the discrepancy between
the two monocyte markers, ANBE and
CD14 in one of AML-MS patients. While
CD14 expression was absent, ANBE was
noticed strongly positive in majority of
blasts (data not shown).

Cytochemical analysis showed the dif-
ferences between the distinct AML sub-
types in the percentage of positive blast
cells for evaluated myeloid enzymes. Sta-
tistically significant differences are re-
corded in Figures 7 (for MPO), 8 (for
SBB), and 10 (for ANBE). The statisti-
cally significant differences among AML
subtypes for CAE positivity were not
found (Fig. 9).

There were no remarkable differences
between the leukemic blast cells of PB and
BM and between pediatric and adults in
the main immunological and cytochemical



MYELOID ENZYMES PROFILE IN ACUTE MYELOID LEUKEMIA

215

ANANANANAN

80
70+
60 -
% of 50+
ositive 40-
pcells 30+
20+
10+
0,

cMPO SBB MPO CAE ANBE

Figure 1. The percentage of cytoplasmic myeloperoxidase (cMPO) de-
tected by immunophenotyping with anti-MPO antibody in AML-M0
subtype (n=3).
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Figure 3. Cytochemical features of AML-M2 subtype. MPO, SBB
(n=10), CAE (n=4).
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Figure 2. Cytochemical characteristics of AML-M1 subtype. MPO, SBB
(n=17).
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Figure 4. Cytochemical characteristics of AML-M3 subtype. MPO,
SBB, CAE (n=8).
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Figure 5. Cytochemical profile of AML-M4. MPO, SBB (n=5), CAE
(n=3).
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Figure 7. The percentage of MPO positive blasts in distinct AML sub-
types. Statistically significant were the differences between subtypes:
M1-M3, p=0.0004; M1-MS5, p=0.0168; M2-M3, p=0.0075; M2-M4,
p=0.0003; M3-M5, p=0.0001.
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Figure 6. Cytochemical profile of AML-MS5 subtype. MPO, SBB, ANBE
(n=5).
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Figure 8. The percentage of SBB positive blasts in AML subtypes. Sig-
nificant differences were between subtypes: M1-M2, p=0.0365;
M1-M3, p=0.0009; M1-MS5, p=0.0007; M2-M4, p=0.0101; M2-MS5,
p=0.0005; M3-M4, p=0.0001.
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Figure 9. The percentage of CAE positive blast cells in different AML
subtypes. No significant differences in CAE positivity in blasts of AML
subtypes were observed.

characteristics. The children patients in the AML-M3 and
AML-M4 subtypes were not observed.

Discussion

The discrimination of pathologic blast cells from normal
cells, an accurate identification and determination of their
maturation degree as well as the blasts enumeration are the
assumptions of the precise AML diagnosis [5, 6, 13]. The
morphologic characteristics of the blast cells in the BM
and/or PB are essential for the AML differential diagnosis
and prognosis [6, 7].

Although the FAB morphologic/cytochemical classifica-
tion system is the principle for the diagnosis of AML [9, 10],
in many cases is not efficient to identify the distinct
aberrancies in extremely heterogeneous blast cell popula-
tions [1, 5, 6]. In spite of this disadvantage, we suppose that
the heavily infiltrated BM and or/PB with leukemic cells may
allow the comparison with more accurate immunophenotypic
blast cells identification.

Our study was restricted to the evaluation of AML patients
with 80 % or more blast cells in analyzed samples at diagno-
sis to acquire exact cytochemical profile of blasts.

The discrepancies between the cytochemical and immuno-
phenotypic features of blast cells were finding in a small
group of patients. The only myeloid associated marker was
the positivity for cytoplasmic MPO. Immunologically de-
tected cytoplasmic MPO is the myeloid specific marker be-
cause of its early and exclusive expression in the myeloid lin-
eage [8, 16]. The expression of HLA-DR, CD34 and CD7
antigen co-expression confirmed the immaturity of these
blast cells [8, 28]. This immunophenotype appeared to fulfill
the criteria of very immature AML-MO subtype [8, 24, 28].
Moreover, the cytochemically detected myeloid enzymes
MPO and SBB were absolutely negative [1]. Concerning the
diffuse positivity for AP and ANAE not inhibited with so-
dium fluoride, our results supported the observations of
BENNETT et al [10] and VENDITTI et al [28] who described the
presence of these enzymes in a portion of blasts in some cases

% of
;. 5
positive 4
cells [OANBE

M M2 M3 M4 M5

Figure 10. The percentage of ANBE positive blasts in distinct AML sub-
types. Statistically significant was the difference between M4-MS5,
p=0.0058.

of AML-MO. The cytochemical analysis in this type of AML
had no practical relevance in the AML diagnosis.

The revised criteria of FAB classification [9] stated that
AML-M1 subtype contains a small subset of relatively ma-
turing (less than 10 % of blasts) cells. The immunopheno-
typic profile of our AML-M1 patients suggests this finding.
Leukemic blasts in some cases, except of CD13, CD33,
cMPO, HLA-DR, CD34 expression and co-expression of
CD7 and CD38, displayed positivity for CD11b and CD65
antigens, markers of granulocytic stage of maturation.
Cytochemically, the AML-M1 blasts exhibited positivity for
MPO and SBB that usually parallel each other. However,
some cases can deviate from this pattern. The percentage of
SBB positive blasts was higher than that of MPO. Occasion-
ally, MPO low positive cases may be associated with stronger
SBB positivity. According to CUNEO et al [11] SBB
cytochemical staining appeared to be more sensitive than
MPO in their study, as the 7 patients, who would have other-
wise been classified as AML-MO because of the presence of
less than 3% MPO positive blasts were included among
AML-MI1 at cytologic review showing 3 % to 12% SBB pos-
itive blast cells.

The immunophenotype of AML with granulocytic differ-
entiation, AML-M2 subtype display the positivity for CD13,
CD33, HLA-DR and CD34. In addition, more of the patients
expressed CD11b and CD65 antigens as it was observed in
AML-MI group [1, 13]. On the contrary, only a few patients
co-expressed CD7 and CD38 antigens. Lineage committed
myeloid progenitor cells usually expressed very high level of
CD38, which decreased dramatically as maturation pro-
gresses [26]. Cytochemically, the increased percentage of
MPO and SBB positive blasts in AML-M2 as a sign of con-
tinuing maturation was observed [27]. Moreover, some blasts
displayed CAE positivity, marker of granulocytic differentia-
tion. The usefulness of cytochemistry in the cases of AML
M1 and M2 is partial.

Acute promyelocytic leukemia (APL), AML-M3 subtype
is considered to be the most differentiated form of AML with
the proliferation of malignant, nearly homogeneous popula-
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tion of promyelocytes [17, 18, 22]. Characteristic membrane
surface feature was the lack of CD34 and HLA-DR [1, 18,
22]. Cytochemically the majority of leukemic blasts revealed
very strong MPO and SBB positivity and a variable propor-
tion of CAE, in accordance with the observation of others [1,
17, 18]. Promyelocytic morphology, strong MPO and SBB,
loss of HLA-DR and CD34 antigen may effectively exclude
the diagnosis of APL from other AML [2]. However, lack of
both CD34 and HLA-DR does not always suggest a diagno-
sis of APL [13, 29]. It seems that in spite of the conclusive
promyelocytic morphology and cytochemistry of leukemic
blasts in AML-M3 subtype, the full characterization depends
on the cytogenetic analysis of t(15;17) translocation [1, 2,
18].

The cytochemical profile of leukemic blasts in acute
myelomonocytic leukemia M4 showed the positivity for
MPO, SBB, CAE as well as ANBE in a various proportion.
The CAE enzyme reaction is usually similar to those with
both MPO and SBB, but appears later in myeloid cell devel-
opment [27]. The discriminative ability of CAE and ANBE
was stressed in our cases by both enzymes in combination
[15]. Immunophenotype showed the expression in all
myeloid lineages-associated and maturation dependent anti-
gens in concordance with others [6,13]. The cytochemical
detection of myeloid enzymes appeared to be sufficient to the
initial identification of AML-M4 subtype.

The prevalence of the leukemic cells strongly positive for
ANBE along with expression of CD14, well characterized
our group of monocytic leukemia (AML-M5). The enzyme
ANAE (inhibited with sodium fluoride) is considered to be
the most cytochemically specific marker of monocyte differ-
entiation [12]. On the other hand, CD14 antigen is an immu-
nologically preferred monocytic marker [30] with prognostic
importance [21]. As regards the immunophenotypic charac-
teristics, AML-M5 subtype very often expressed other
monocytic markers CD4, CD36, HLA-DR, CDI11b and
CD56.

The discrepancy in the proportion of leukemic monocytes
detected by imunophenotyping (CD14) and by cyto-
chemistry (ANBE) in one patient was noticed. In fact, CD14
antigen is not absolutely restricted to all maturation stages of
monocytes. Monoblasts and promonocytes are often CD14
negative [30]. The immature monocytic cells in comparative
FERGEDAL'’s et al [12] study showed no presence of CD14 but
ANAE positivity, what was in agreement with our results
with ANBE. The high percentage ANBE positive blasts al-
low the exact cytochemical classification of AML-MS5 sub-
type.

It is supposed, that the cytomorphology and cytochemistry
have no relevance for prognosis. However, recently MATSUO
et al [19] reported the value of the percentage of MPO-posi-
tive blast cells (50%) as a simple and highly significant prog-
nostic factor for AML patients.

In summary, the cytochemical detection of maturation de-
pendent myeloid enzymes is still a useful method that enables

to confirm the myeloid or monocytic differentiation pathway
of blast cells in AML patients and, when used in combination
with immunophenotyping it may help to classify the AML
patients to distinct subtypes with more precision. The accu-
rate AML diagnosis may constitute the valuable tool for clini-
cians to choose an optimal therapy and to provide prognostic
information.
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