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Leukemic cells and aberrant phenotypes in acute leukemia patients:
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The aim of this study was to evaluate the heterogeneity of immunophenotype features in acute leukemia patients and to
detect the presence of leukemia-associated immunophenotypes.

We prospectively investigated the phenotype of blast cells from 44 adult acute leukemia patients using a large panel of
monoclonal antibodies by multiparametric flow cytometry. Thirty-three patients were classified as AML according to the
FAB classification. Eleven patients were diagnosed as ALL (10 cases B-ALL, 1 case T-ALL) according to both FAB and
immunnophenotyping. We found leukemia-associated phenotypes in 28 of 33 AML patients (84.8% ) and in 8 of 11 ALL
patients (72.7%). In 61.1% of patients more than one aberrant phenotype was observed. Linear infidelity was the most
frequent aberrancy in both AML (64.3% ) and ALL (37.5% ) subgroups.

The present study shows that MFC is a helpful method for sufficient identification of leukemic cells and for determina-
tion of blast cells immunophenotype heterogeneity. The double stain flow cytometry in our study revealed aberrant

phenotypes in up to 81.8% patients.
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The acute myeloid leukemias (AML) are a heterogeneous
group of diseases with diverse pattern of cell surface markers
expression. Recent studies using multidimensional flow cy-
tometric analysis have clearly shown that during normal
myeloid lineage differentiation cells exhibit a highly repro-
ducible pattern of cell-surface antigen expression and some
membrane-associated differentiation antigens are initially
expressed in the cytoplasm before their insertion into the
cell membrane [24, 29-31]. More than 95% of AML cases
can be distinguished from acute lymphoblastic leukemia
(ALL) types using surface marker analysis and MO subtype
of AML can be distinguished from ALL with help of mye-
loperoxidase (MPO) detection in cell cytoplasm [28]. In con-
trast to AML blasts, which can be reliably identified in most
cases by the presence of Auer rods, MPO, or monocyte-
associated esterases, leukemic lymphoblasts lack specific
morphologic or cytochemical features, so that diagnosis of
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ALL depends of immunophenotyping [4]. The conventional
value of immunophenotyping in acute lymphoblastic leuke-
mia is to differentiate B-lineage ALL from T-lineage ALL
and to establish a solid basis for precise and biologically
originated classification of the disease [3, 13, 26, 29]. Cur-
rently used extensive panels of antibodies by multipara-
meter flow cytometry (MFC) allow the lineage assessment
of AL blasts with accuracy more than 99% [7, 14].

The MFClis an attractive method also for investigation of
minimal residual disease (MRD). The detection of MRD
becomes increasingly important for the management of the
acute leukemia patients and is incorporated into all modern
treatment protocols [6, 27, 32]. MFC together with the poly-
merase chain reaction (PCR) is highly sensitive technique
for the detection of MRD in acute leukemia patients. For
MRD follow-up, PCR uses clonal markers as the T-cell re-
ceptor gene, immunoglobulin gene rearrangements (in
ALL cases) as well as the fusion transcripts (in AML cases);
MFC is based on the detection of leukemia-associated im-
munophenotypes (LAIP), that do not normally occur in
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cells of the peripheral blood and bone marrow [1, 8, 10, 21,
34]. Several studies have shown that leukemic cells fre-
quently display phenotypic aberrancies [1, 2, 5, 6, 8, 9, 11,
12, 14-18, 22, 25, 28, 32, 33].

There are six mainly accepted subgroups of LAIP: a)
lineage infidelity: co-expression of non-lineage antigens
(myeloid and lymphoid antigens or T- and B-lymphoid anti-
gens simultaneously); b) asynchronous antigen expression:
expression of markers in a combination that is not found in
the normal myeloid and lymphoid differentiation; c) anti-
gen overexpression: abnormally high antigen expression of
blast cells; d) absence of lineage specific antigens: absence
of antigens expression CD13, CD33 (myeloid blasts), CD19
or CD7 (lymphoblasts) and CD45; e) ectopic phenotype:
expression of markers on T-cells that are not found outside
the thymus and f) abnormal light-scatter pattern: abnormal
FSC/SSC distribution of leukemic blasts according to their
phenotype [1, 9, 14,17, 18].

The aim of the study was to characterize the phenotype of
leukemic cells and to analyze the presence of LAIP in acute
leukemia patients.

Material and methods

Forty-four adult patients (25 males, 19 females) were de
novo diagnosed as AL. The mean age of patients was 49
years (18 to 83 years). The AML was diagnosed with help of
light microscopy cytochemical reaction with myeloperoxi-
dase, PAS and esterase according to the criteria of French-
American-British (FAB) classification.

The ALL diagnosis was based on both the FAB classifi-
cation criteria and immunophenotyping. The immunophe-
notype findings assignment to the B- or T-cell lineages
based on the criteria proposed by European Group for
the Immunological Classification of Leukemias (EGIL)
[3,4].

The bone marrow (BM) samples were collected in hepar-
in anticoagulant and peripheral blood (PB) samples in
EDTA anticoagulant and immediately diluted in phos-
phate-buffered saline (PBS), with final cell concentration
of 1x10”/ml. For the immunophenotype analysis the direct
immunofluorescence method as well as the stain and lysis
technique was used. For the differentiation of antigens with
low antigen density on the cell surface PE conjugates were
utilized.

Briefly, 100 ul of PBS-diluted BM or PB cells were incu-
bated for 15 minutes with 5 ul of the fluorochrome-conju-
gated monoclonal antibody reagents listed later. In the next
step, 2 mL of fluorescence-activated cell sorter (FACS) lys-
ing solution (Becton Dickinson, Heidelberg, Germany) in
distilled water were added to each tube and another incuba-
tion for maximum 12 minutes in the dark (room tempera-
ture) was performed followed by centrifugation (5 min,

1700 rpm) and cell pellet washing (5 min, 1700 rpm) in 2
mL of PBS. Finally, the cells were resuspended in 0.5 mL of
PBS. Stainings for MPO, CD22, CD3 and TdT (terminal
deoxynucleotidyl-transferase) were performed at the cyto-
plasmic and nucleus level, respectively, using the Intra Prep
reagent (Immunotech, Marseille, France). The limit of sur-
face and cytoplasmic markers cut off was considered 20%
and 10%, respectively.

The panel of monoclonal antibodies. To increase the ac-
curacy of lineage assessment, maturation state and detec-
tion of the maximum number of phenotypic aberrancies
present at the time of diagnosis, antigen expression was
analyzed in all cases using double combinations of the
monoclonal antibody conjugated with fluorescein isothio-
cyanate (FITC) and phycoerythrin (PE): IgG2a-FITC/
IgG1-PE; CDA45-FITC/CD14-PE; CD33-FITC/CD7" -PE;
CD2-FITC/CD13-PE; CD34-FITC/CD56-PE; CD15-
FITC/CD117-PE; CDI15-FITC/CD11b-PE; CD34-FITC/
CD14-PE; CD33-FITC/CD34-PE; HLA-DR'-FITC/
CDI13-PE; CD71"-FITC/CD13-PE; CD33-FITC/CD22-
PE; CDA45-FITC/GlykoA-PE; CD61-FITC/CD13-PE;
CD10-FITC/CD19-PE; CD24-FITC/CD13-PE;TdT"-
FITC/CD10-PE; CD38-FITC/CD20-PE; Kappa -FITC/
CD19-PE; Lambda“-FITC/CD19-PE; CD33-FITC/CD19-
PE; CD71-FITC/CD19-PE; CD2-FITC/CD22-PE;
TCRuaf-FITC/TCRyo-PE; CD4-FITC/CDS-PE; CD34-
FITC/CD5-PE.

If needed, the cytoplasmatic detection of MPO"(FITC),
CD22(FITC), CD3(FITC) and IgM"~ was used. All antibo-
dies were purchased from Becton Dickinson, Heidelberg,
Germany, except for: “Immunotech, Marseille, France;
“Dako, Glostrup, Denmark.

In all cases, isotype-matched immunoglobulins with no
reactivity to BM and PB cells were used as negative con-
trols.

Measurements were performed on a FACSCalibur flow
cytometer (Becton Dickinson, Heidelberg, Germany)
equipped with an argon ion laser tuned at 488 nm and 15
mV. Calibration of the instrument was performed before
data acquisition using bead standards. For the data acquisi-
tion and analysis, the CellQuest software (Becton Dickin-
son, Heidelberg, Germany) was used. In samples from
patients at diagnosis, 20.000 cells pro tube was measured.
The colour gating function of CellQuest software was used
to analyze the double stain data. We used a CD45 intensity
expression with right-angle light scatter to detect leukemic
cells and separate them from the other BM and PB popula-
tions.

Results

Immunophenotype in AL patients. AML was diagnosed
in 33 AL patients with distribution as follows: M0 in two
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Table 1. Distribution of AML and B and T lineage ALL cases according to immunophenotype

AML No  CD34 CD117 HLA-DR CD13 CD33 CD15 CD11b CD4 CD14 CD45 MPO
cases
Mo 2 2 2 1 2 1 0 0 0 0 2 2
M1 16 4 16 16 16 15 5 4 0 0 15 5
M2 5 3 5 5 5 5 5 4 0 0 5 -
M3 2 0 1 0 2 2 1 1 0 0 2 -
M4 7 1 3 6 6 7 6 7 7 7 7 -
M5 1 0 0 1 1 1 0 1 1 1 1 -
B-lineage CD34 TdT HLA-DR CD10 CD19 CD20 cyCD22  sCD22 CD24 CD45 cylgM  sIgM
pre-pre-B 1 1 1 1 0 1 0 1 0 1 0 0 0
common B 6 6 6 6 6 6 1 6 0 6 6 0 0
pre-B 2 0 2 2 2 2 0 2 0 2 2 2 0
mature B 1 0 0 1 0 1 1 0 1 0 1 0 1
T-lineage CD34 TdT HLA-DR CD5 CD2 CcD7 sCD3 TCRzf  TCRys  CD45
mature T 1 1 1 0 1 1 1 1 1 0 1
s — surface, cy — cytoplasmic.
patients (6.1% ), M1 in sixteen patients (48.5% ), M2 in five V1— ]
patients (15.2%), M3 in two patients (6.1% ), M4 in seven
patients (21.2%) and M5 in one patient (3.0%). The ALL 38.9% H.7% ':
was diagnosed in 11 of studied cases. (ALL=11: L1, n=0; L2, .
n=7,1L3,n=3, L2-L3, n=2, according to FAB classification). :
Based on EGIL classification, pro-B-ALL was diagnosed in ‘
one patient, common B-ALL in 6 patients, pre B-ALLin2 8 .
patients and mature B-ALL in one patient. In one patient, = |
we diagnosed the T-ALL with the expression sCD3 and 16.7% ;
TCRof. Table 1 shows the incidence of expression of anti- i
gens in AML and ALL subclasses. g
LAIP. Thirty-six patients from all acute leukemia pa-

tients (81.8% ) showed the presence of at least one LAIP. y y

1 2 3 4  Nr. of LAIP

The total detected number of LAIP was 79 (mean = 2.2
LAIP/patient). As shown in Figure 1, two or more aberrant
phenotypes co-existed in 22 patients as follows: 2 LAIPin 15
cases (12 AML;3 ALL),3 LAIPin 6 cases (5 AML;1 ALL)
and 4 LAIP in one case (AML).

In the 28 of 33 AML patients (84.8%) 67 LAIP were
detected (mean = 2.4 LAIP/patient). The most of LAIP
were found in subclass M1 (61.2%). The most frequent
aberrant phenotype (35.7% ) the CD33/CD7 was found.

In the 8 of 11ALL patients (72.7% ) we detected total of
12 LAIP (mean=1.5 LAIP/patient). The most of LAIP were
found in common B-ALL cases (50.0% ).

We found total of 29 lineage infidelity LAIP in 18
(64.3% ) of AML patients and in 3 (37.5% ) of ALL patients.
In most AML cases (94.4% ) isolated co-expression of one
T-or B-lymphoid antigens (CD2, CDS5, CD7, CD19, CD22,
CD24) was observed and only in one patient simultaneous
reactivity for CD2 and CD7 on myeloid blasts was detected.
In two ALL cases the isolated coexpression of myeloid anti-

Figure 1. Incidence of aberrant phenotypes in 36 acute leukemia patients.

gens (CD13 or CD33) was found and in one of B-ALL
patient the simultaneous coexpression of T-lymphoid and
myeloid antigens was detected (Tab. 2, 3).

Asynchronous expression was seen in 14 (50% ) of AML
and in 3 (37.5%) of ALL patients (Tab. 2, 3).

Over-expression was detected in 4 (14.3% ) of AML and
in 3 (37.5%) of ALL patients (Tab. 2, 3). The absence of
lineage specific antigens was observed in 10 (27.8% ) cases
(9 AML, 1B-ALL) (Tab.2,3). Abnormal FSC/SSC pattern
we observed in 14 (50% ) of AML cases andin 1 (12.5% ) B-
ALL case. In most of them, it was due to expression of
lymphoid markers in cells displaying high light-scatter prop-
erties. Thus, most of these cases were already identified as
phenotypically aberrant based on the presence of lineage
infidelity.
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Table 2. Aberrant phenotypes in AML patients (n=28)

No. of cases (%)

Lineal infidelity

CD13+/CD2+ 4(14.3)
CD33+/CD7+ 10 (35.7)
CD13+/CD5+ 1(3.6)
CD13+/CD7+ 2(71)
CD33+/CD22+ 2(7.1)
CD13/CD19+ 1(3.6)
CD13/CD24+ 1(3.6)
CD33/CD24+ 3(10.7)
CD13/+CD22+ 1(3.6)
total 25(89.2)
Asynchrous antigen expression

CD15+/117+ 5(17.9)
CD34+/56+ 2(7.1)
CD33+/CD34- 5(17.9)
C13+/HLA-Dr- 2(7.1)
CD34+/CD117- 1(3.6)
total 15 (53.6)
Overexpression

CD34++ 1(3.6)
CD33++ 2(7.1)
HLA-DR++ 1(3.6)
total 4(14.3)
Lack of lineage specific antigen

CD33+/D13-" 1(3.6)
CD13+/CD33-" 1(3.6)
CD13+/ CD33dim"™ 2(7.1)
CD33+/ CD13dim™ 3(10.7)
CD33+/CD45-" 2(7.1)
total 9(32.1)
Aberrant light-scatter patterns

CD2/high FSC/SSC 2(72)
CD7/high FSC/SSC 9(32.1)
CD19/high FSC/SSC 1(3.6)
CD33/low FSC/SSC 1(3.6)
CD13/low FSC/SSC 1(3.6)
total 14 (50.0)

“antigen positivity <10%; ““antigen positivity >21%, but more than 50%
higher than fluorescent intensity of the other lineage specific antigen.

Discussion

The heterogeneity of the leukemic blasts in AML is one
of the reasons why the immunophenotyping of AML is
more difficult than that of the relatively homogenous acute
lymphoblastic leukemia [24, 29].

In our 33 AML patients we analysed the phenotype of
leukemic cells according to subclasses of cytomorphological
FAB classification. We used specific monoclonal antibodies
for definition of myeloid lineage (CD13, CD33, MPO), cell
immaturity (CD34, CD117, HLA-DR) and degree of cell
differentiation (CD15, CD11b, CD4, CD14). These mar-

Table 3. Aberrant phenotypes in ALL patients (n=8)

No. of cases (%)

Lineal infidelity

CD19+/CD13+ 1(12.5)
CD19+/CD2+ 1(12.5)
CD24+/CD33+ 1(12.5)
CD19+/CD33+ 1(12.5)
total 4 (50.0)
Asynchronous antigen expression

CD34+/CD3+ 1(12.5)
CD19+/CD24-" 2 (25.0)
total 3(37.5)
Over-expression

CD19++ 1(12.5)
CD34++ 2(25.0)
total 3(37.5)
Lack of lineage specific antigen

CD19+/CD45-" 1(12.5)
Aberrant light-scatter patterns

CD33/high FSC/SSC 1(12.5)

“antigen positivity <10%

kers are reported to be sufficient for AML diagnosis [7,
13,28, 31].

For the subclassification of ALL cases, we used the cri-
teria of the European Group of Immunophenotyping Leu-
kemia (EGIL). Athough this classification recognises the
subclasses of ALL according of normal B- and T-cell ma-
turation, the only distinctions with therapeutic importance
are those between the precursor B-cell immunophenotype
and the T-cell or mature-B-cell immunophenotype [26].

The sensitivity of MFC for LAIP detection depends on
selection of monoclonal antibodies combinations and aber-
rant leukemic cell antigens incidence [9, 12, 17, 33].

In the present study with 44 patients (33 AML cases and
11 ALL cases), using a large panel of monoclonal antibodies
in double staining combinations and considering five differ-
ent types of aberrancies most patients (81.8% ) expressed
total of 79 LAIP (mean 2.2 LAIP/patient).

In AML patients group we detected LAIP in 28 of cases
(84.8%). In ALL patients group we found LAIP in 8 of 11
(72.7%) cases.

The lineage infidelity was the most frequent phenotypic
aberration in our AL cases and its overall incidence was
58.3%.

The asynchronous antigen expression was found in 6
AML (21.4%) cases and in 1 ALL (12.5%) case. In other
MFC studies [9, 14, 18], this aberrancy was reported to be
the most frequent which was based on the fact, that the lost
or low expression of lineage specific antigens was consid-
ered to be the asynchronous antigen expression. In the
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study of Kern where LAIP in 626 AML patients were ana-
lyzed, asynchronous antigen expression in 20.7% and ab-
sence of lineage specific antigens in 26.9% of cases were
detected [17]. Only 7% of the AML cases analyzed coex-
pressed the CD56 and CD34 antigens, this incidence is re-
latively low compared to study by Coustan-Smith et al [10].
However, it should be mentioned that most of the patients
included in their series were children, while all cases ana-
lyzed in our study correspond to adult AML, this probably
explains the discrepancy. To detect antigen overexpression,
appropriate calibration and standardization of both immu-
nofluorescence and flow cytometry techniques is important.
We found these aberrancy in 14% of AML cases and CD33
overexpression was detected most frequently. In 37% ALL
cases the overexpression of CD34 was the most frequently
detected. In contrast to lineage infidelity and the asynchro-
nous expression, the overexpression of more that one anti-
gen was exceptional. The antigen overexpression in AML
study groups were found from 9% to 30% cases [17, 19].
Overexpression of CD33, CD34 and HLA-DR is reported
most frequently. In ALL studies reported by Cibaup et al [9]
the frequency of antigen overexpression in 38% and GARr-
c1a-VELA et al [14] in 23% of patients, in both of these stu-
dies the CD10 overexpression was the most frequent. The
flow cytometric characterization of leukemic cells revealed
also the aberrant lack of lineage specific antigens of cell
populations. Such cell population usually displays the anti-
genic and the light scattering properties characteristic of
their counterpart in normal bone marrow, except that a ty-
pical antigen is missing [29, 31].

In the light of these facts, results of the presented study
are comparable also with studies, where three colors MFC
and threshold value for LAIP positivity atlevel of 10% were
used [1,2,5,6,8,9,11, 12, 14-18, 22, 25, 28, 32].

The determination of LAIP is essential for the MFC de-
tection of MRD [6, 9, 10, 32, 34]. To make the MFC enough
sensitive for MRD detection in all AL patients, it would be
helpful if three- or more colors MFC would be used and
threshold value for LAIP positivity would be set lower than
10%.

In conclusion, the present study evaluated the phenotype
of leukemic cells in AML and ALL patients. The present
study shows that MFC is a helpful method for sufficient
identification of leukemic cells and for determination of
blast cells immunophenotype heterogeneity. Using a large
panel of monoclonal antibodies we characterized precisely
LAIP in AML and ALL which has a great importance for
MRD detection.
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