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Abstract

Acuteleukemias are divided into myeloid
(ornonlymphocytic) andlmnphoidaccorﬁng
to the predominant neoplastic cell line.
According to morphology, eytochemieal
staining and flow cytometry
immunophenoiyping they are classified
accordingto FABand WHO classification, In
this study we represent some difficult cases
ofacute leukemia diagnosed on the basis of
the interpretation of three methods |,
morphology with Giemsa romanowsky
smear, cytochemistry with citochemical
reactions and immunophenobzpingbyﬂow
cytometry. None of this methods alone can
give an accurate diagnosis of the type of
leukosis, especially in difficult cases not
readily determinable which exhibit
nonspecificand aberrant morphological and
immunophenotypic features. With
morphology, immunophenotyping, and
cytochemical tests together, the lineage of
differentiation (ALL or AML) can be
reproducibly identified in more than 95% of
acute leukemias. ALL can be further
subclassified based on Tversus B precursor
differentiation and ALL1-ALLg3 accordingto
FAB. AML can be further subclassified in
MO-M7 classes accordingto FAB,

Background

Leukemia is a neoplastic disease
characterized by the uncontrolled
proliferation of hemopoetic cells. This
pmﬁferaﬁonisfoﬂowedbyﬂlepredonﬁnance
in the bone marrow and in the peripheral
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blood ofimmature lymphoid ormyeloid cells
(bllasts).

Acute leukemias are classificated
accordingto FAB (FrenchmAmerican—Bﬁtish
cooperative group) by finding bllasts in bone
marrow €”30% of cells (2).

In 2001, a group convened by the World
Health Organization (WHO) published anew
classification ofhematopoietic andlymphoid
neoplasms, including the acute leukemias.
The directive forthe classification was thatit
be up to date, incorporate genetic and
immunophenotypic aswell as morphologic
information, and that it also be usable
throughout the world, notjustin Western
academic medical centers. The AMI.
classificationincludes fourgroups: AMI with
recurrent cytogenetic abnormalities, AML
withmultilineage dysplasia, therapy-related
AML and MDS, and AMI, not otherwise
specified, the latter being a modification of
the FAB AML classification. The WHO
classification does not group the acute
Iymphoidleukemias together, butseparates
them under three broader categories of
lymphoid disease: precursor B-cell and
precursorT-cellneoplasms, and mature B-
cellneoplasms (7,8).

The WHO classification uses >20% blasts
in the marrow or peripheral blood as a
diagnostic criterion (8).

Classification FAB
Acuteleukemias are divided intomyeloid

(ornonlymphocytic)and lymphoid according
to the predominant neoplastic cell line (2).




According to morphology, cytochemical
staining and flow cytometry immuno
phenotypingtheyarealsosubclassificationby
FAB (3).70-80% of cases can be classified
only according to morphology. In 10-15% of
casesitis necessaryto use even cytochemia
for correct classification. In about 10% of the
cases (undifferentiated leukemia) accurate
diagnosisis achieved by immunophenotypic
and cytogenetic methods. Biological
molecularmethods (PCR, FISH) have shown
thatall types ofleukemias are characterized
by specificmolecular disorders (3,5,6).

1. Acute lymphoblastic leukemia

FAb classification Morphology

| 51 monomorphicsmall blasts

L2 heterogeneous large blasts

L3 Burkit like cell

2.Acute non lymphoblastic
(myeloblastic) leukemi

FAB Morphology

Mo minimally differentiated

M withoutmaturation

Me withmaturation

M3 promyelocytic

My myelomonocytic

M5 a.monoblastic;b.monocytic

M6 erythroleukemia

My megakaryoblastic

3. Mixed leukemias

Aim

Morphology, cytochemical tests and
immunophenotyping, canbe applied forthe
lineage differentiation ofleukemiaklone cell.

Precisely this was the purpose of this
publication, to present some cases of
acute leukemia diagnosed on the basis of
the interpretation of the above three
methods applied in the context of FAB
and WHO criteria.

Methods

Morphology

Inoureverydayworkwe use examination
of Giemsa-Romanowskistained smearsfrom
pheripheral blood and bone morrow, to
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evaluate morphologic alterations of cells.
Cytologic features: cell dimentions, nuclear
chromatin, nuclear shape, nucleoli,
cytoplasmic size, cytoplasmicbasophilia,
cytoplasmicgranularity, and vacuoli, ect, are
observed. Experienced morphologists can
accurately classify 70 to 80% of acute
leukemia (as ALLor AML) on Romanovsky-
stained smears (5,1).

Cytochemistry

Cytochemical stains may be used to
demonstrate myeloid differentiation in
leukemic blasts (6). Useful stains are
myeloperoxidase (MPO), Sudan black B
(SBB), and nonspecific esterase (NSE).The
MPO reaction is positive in cells of the
granulocytic series and may be weakly
positive in monocytes. Lymphocytes and
erythroid precursors are negative. MPO is
useful for distinguishing AML from ALL. A
threshold of 3% positivity is frequentlyused
toseparate thesetwo forms ofleukemia (1,3).

NSE (non specific esterase) activity is
found in monocytes. Several substrates are
available, but the most commonlyused are
alpha naphthyl butyrate (ANB) and alpha
naphthyl acetate (ANA). This is generally
unnecessary with the ANBstain, butthe ANA
stain also reacts withmegakaryoblastswith a
coarsegranularpattern. Inmegakaryoblasts,
the NSE activity is partially resistant to NaF
inhibition.

Megakaryoblasts are negative with ANB
staining. These features may be used to
identifymegakaryoblasts, althoughifpossible
this should be corroborated with immuno
phenotyping.

The substrate for SE (specific esterase)
stainingis naphthol AS-D chloroacetate. SE
ispresentin neutrophilsand theirprecursors,
but may also be presentin monoblasts and
monocytes. Inthe neutrophil series, itis only
foundinspecificgranules; hence, the reaction
istypically negative in poorly differentiated
AML. SE has been used to demonstrate
myeloid precursors.

PASreacts primarily with glycogen. ALL
lymphoblasts often have prominent PAS
staining in the form of coarse granules or
blocks. Maturing neutrophils are diffusely
PAS positive. Erythroid precursors are
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normally PAS negative. A coarsely granular
staining pattern may be seen in
pronormoblasts andbasophilicnormoblasts
inmyelodysplastic syndrome (MDS)-related
AML. Other enzyme stains, such as acid
phosphatase, may be usefulin diagnosis of
specifik acuteleukemia.

Cytochemical reactions

PASreaction (periodic acid of Schiff)

Chloroacetate esterase reaction

a-naphthyl actetate esterase reaction

Naphthol AS acetate esterase reaction

Perls reaction

Alkalineleukocyte phosphatase reaction

Acidphosphatase reaction

Immunocytochemical reactions (metoda
APAAPmethod)

Mieloperoxidase reaction (Graham-Knoll Ect(5)
method)
Cytochemical reactions FAB(3)
MPO - MO,M7,L1, L2, L3
+ M1,M2, M3, M4
Chloroacetate esterase (CAE) + M2,M3, M4
Nonspecific esterases (NSE) + M5, M4
Acid phosphatase + M6, M35
PAS + M6,MS5 (1), L1, L2
Perls + MDS (RARS)

Immunophenotypingé by Flow
Cytometry.

Immunophenotyping greatly facilitates
diagnosis of the acute leukemias (6). The
antibodies used recognize surface and
cytoplasmic antigens expressed by human
hematopoietic cells and their leukemic
counterparts. Mostofthe antigens arelineage
associated, rather than lineage specific, but
expression of groups of antigensis accurate
inassignment oflineage.

In difficult cases, a limited number of
cytoplasmic antigensare currently considered
lineage specific [cytoplasmic CD22 (cCD22)
orcCD79aforB differentiation, cCD3forT,

The principle of this method s recording
surfacemarkers and/or cytoplasmicspecific
celllines or cell differentiation stagesthrough
monoclonal antibodies (McAB).An antigen
orcelldifferentiation molecular structurewas
called CD (clusterof differentiation), followed
by aserial number example: CD3. For the
same CD canbe used different McAB (6,5).

Flow cytometryor citofluorometry (CFM).

The principle of this cytometric methodis
the digitalisation of signals emitted during
the contactto each cell with an excited light
(laser source) associated with: physical
characteristics of the cell and fluorochrome
presence on McAB, which relate to Ag

¢CDg10rcCD61 for megakaryoblastic, and differentiating this cell,
cMPO formyeloid] (1,3,6).
FAB (2,3) CD
Mo CD34,CD13,CD33,HIA—DR,anti—MPO
M1, M2 CD11,CD13,CD33,HLA-DR
M3 CD13,CD33,CD2,CD34
Mg, M5 CD1, CD13,CD33,CD14,HLA-DR
Mo . glycophorin
M~ CD41,CD42a,CD42b,CD61
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Case 1

LAlﬁl, Cytoéhemistry, «’pésitive
peroxidase activity in all blasts

LAMo Lymphoid blast type

UIBIF. B DOBRE
T o cpEiovn

1 Leukemic cells
express CD13, CD34
but also CD2. The
diagnosis will be
determined by the
positivity over 3% of

. . UI5:F.B. 016~F i
LAMo  Cytochemistry with s o cells per peroxidase
peroxidase ' i ‘
uy

Positive for only one large central
element different from other small
blasts cells
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Combined expression of CD7 and

CD33 in bone marrow bilasts LA Mz bone marrow blasts with

protoplasm and azurophilic granules

Case 2

LAM2 Cytochemistry in periphery

o o One blast is positive for peroxidase, the
LA M1 Typical myeloid blast with  other cell with peroxidase granules is
less cytoplasm and without granules negative (leukemic cell)
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Case 5

LAMz2 positive Pas reaction in bone ' =
marrow blasts. Is rare in acute LAMS5 B.citochemistry shows only
leukemia one blast with Auer Rods peroxidase
positive,and two granulocyte one
Case 4 : ~ positive and the other mneg for
- ‘ peroxidase
Case 6

LAM4. Some element have proto
plasm with azurophilic granules,
probable myeloid line

LAMG6. Bone marrow morphology.
Erythroid Ileukemic elements in
different stages

B ,
LAM4. Peroxidase positive in blastic
elements of granular line. Weak or
completely lacking peroxidase in
monoblasts '

LAMG6. Positive PAS in almost all
erythroid elements

LAM4. Blasts positive for CAE,
monocytic blasts positive for blu non
specific esterase.
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LAL1i.bone marrow morphology,
elements are small with less cytoplasm
and no nucleolus

All the blasts are negative for PAS.
In the centre a PAS positive,
eosinophyl

PAS positive in some blasts, with
peripheral placement like crown
(typical for LAL)

Peripheral blood of the same case.
Expressing positivity for CD1o
(immunchyistochemistry with APAAT)

Conclusion

‘With morphology, cytochemical tests and
immunophenotyping, the lineage of
differentiation (ALL or AML) can be
reproducibly identified inmore than 95% of
acute leukemias. ALL can be further
subclassified based on T versus B precursor
differentiation and ALL1-ALL3 accordingto
FAB. AML can be further subclassified in
MO-M7 classes according to FAB.

None of the above methods onits own can
give an accurate diagnosis of the type of
leukosis, especially in difficult cases not
readily determinable which exhibit
nonspecificand aberrant morphological and
immunophenotypicfeatures.
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