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ABSTRACT
The diagnosis of acute lymphoblastic leukemia (ALL), which is the most common type of 
cancer in children, has become more accurate with the use of flow cytometry. Here, this 
technology was used to immunophenotype leukemic cells in peripheral blood samples from 
Libyan pediatric ALL patients. We recruited 152 newly diagnosed patients at Tripoli Medical 
Center (Tripoli, Libya) by morphological examination of blood and bone marrow. Twenty- 
three surface and cytoplasmic antigen markers were used to characterize B and T cells in 
circulating blood cells by four-color flow cytometry. Six children (3.9%) turned out to have 
biphenotypic acute leukemia, 88 (57.9%) had B ALL, and 58 (38.1%) had T ALL. There were 68 
cases of pro-B ALL CD10-positive (44.7%), 8 cases of pro-B ALL CD10-negative (5.2%), 6 cases 
of pre-B ALL (3.9%), and 6 of mature-B ALL (3.9%). CD13 was the most commonly expressed 
myeloid antigen in ALL. We present immunophenotypic data for the first time describing ALL 
cases in Libya. The reported results indicate that the most common subtype was pro-B ALL, 
and the frequency of T-ALL subtype was higher compared to previous studies. Six cases were 
positive for both myeloid and B lymphoid markers. Our findings may provide the basis for 
future studies to correlate immunophenotypic profile and genetic characteristics with treat
ment response among ALL patients.
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1. Introduction

Leukemia is a heterogeneous group of hematological 
malignancies. It results from proliferation of uncon
trolled immature hematopoietic cells [1]. It represents 
over one-third of all cancers effecting young children 
[2]. Depending on the cell type involved, leukemia 
can be divided into different subtypes that differ in 
prevalence, treatment strategy, and outcome [3]. The 
most common leukemia in children is acute lympho
blastic leukemia (ALL), which accounts for nearly 70% 
of cases [2]. It is characterized by high cure rates and 
good treatment outcomes [4]. ALL seems to be 
a heterogeneous group of disorders with subgroups 
that have distinct clinical and prognostic features, 
making classification important. Attempts have been 
made to classify ALL cells in a way that correlates with 
clinical characteristics such as disease progression and 
response to therapy. In the French-American-British 
(FAB) classification system, ALL is classified based on 
morphological criteria into three subgroups: L1, L2 
and L3 [5]. For a long time, morphological and cyto
chemical evaluation have been considered the princi
pal diagnostic methods, and the FAB classification has 

been generally accepted. However, this classification 
does not give information about the lineage or 
maturation stage of the cells from which the leukemia 
arises. Alternatively, the WHO classification of ALL is 
generally based on cell lineage and maturation 
stages, and recent updates have emphasized the 
importance of specific cytogenetic and molecular 
data in the classification of ALL [6,7].

Because normal lymphocytes express 
a programmed series of specific antigens during 
development, the antigens expressed by ALL cells 
can indicate the stage of lymphocyte development 
at which the malignant transformation occurred. 
Since the introduction of flow cytometry in clinical 
diagnosis, markers to classify ALL have been widely 
used. Both cell surface and cytosolic antigens are 
detected by flow cytometry, which is currently the 
preferred method for immunophenotyping [8], 
while microscopic evaluation of antibody-stained 
cells is reserved for exceptional situations. Flow 
cytometry has become a critical tool in both biology 
and medicine, with a significant impact on
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hematological diseases. Classification of ALL now 
depends mainly on flow cytometric results [9–11]. 
Flow cytometry classifies cells by size, granularity 
and expression of cell-surface and cytosolic anti
gens. To that end, leukemic cells stained with 
monoclonal antibodies are immunophenotyped 
and identified, and the nature of the cell lineage 
involved is characterized [12].

Definitive diagnosis of ALL based on cytometric 
analysis takes into account both the patterns and 
intensities of antigen expression. ALL is divided into 
B and T lineages, with more than 80% of ALL originat
ing from B-cell progenitors (B-ALL) [13]. The B lineage 
is further subdivided into pro-B, pre-B and mature 
B cell types. Pro-B ALL cells are either CD10+ (known 
as common B ALL) or CD10–. Markers such as CD79a, 
CD10, CD19, CD20 and CD22 are commonly used to 
characterize B-ALL, on the other hand, cyCD3, CD2, 
sCD3, CD4, CD5, CD7 and CD8 markers are used to 
characterize T-ALL [12].

Variations of ALL and its subtypes in Libyan chil
dren has not been studied. Therefore, the objective of 
this study was to use flow cytometry to immunophe
notype the leukemic cells in Libyan pediatric patients 
and to determine the incidence of disease subtypes.

2. Material and methods

2.1. Patients

The study was done on 152 pediatric patients newly 
diagnosed with ALL by morphologic examination of 
blood and bone marrow according to standard clinical 
procedures at the Pediatric Oncology Department, 
Tripoli Medical Center. No patients were excluded. 
Age and sex were recorded. Informed consent was 
obtained from the parents before the children were 
enrolled in the study. The study was carried out in 
accordance with the Declaration of Helsinki, national 
laws and institutional guidelines.

2.2. Monoclonal antibodies

Monoclonal antibodies against cytoplasmic (cy) and 
surface antigens were used. Cy antigens examined 
were CD79a and CD22 for B-Cells, CD3 for T-Cells, 
and Myeloperoxidase (MPO) for myeloid cells, which 
are used as early identifiable antigens specific for the 
three cell types. The surface antigens examined were 
B-cell specific markers (CD19, CD22, CD20, CD10 and 
IgM), T-cell lineage specific markers (CD3, CD2, CD4, 
CD5, CD7 and CD8), and myeloid cell markers (CD13, 
CD14, CD15, CD33, CD64 and CD117). TDT and CD34 
were used as markers of immature cells. All antibodies 
used were obtained from BD Bioscience, USA.

2.3. Sample preparation

Peripheral blood samples were collected from the 
patients in tubes containing EDTA, stored at 8°C, and 
analyzed within 24 hours. The samples were pro
cessed using the lyse-and-wash technique. In brief, 
following lysis of erythrocytes using FACS Lysing 
Solution (BD Biosciences, USA), the cells were washed 
twice in phosphate buffered saline (PBS) (pH 7.2) and 
stained with the fluorescence-conjugated monoclonal 
antibody for 15 min at room temperature. The cells 
were then washed twice with PBS and resuspended in 
the same buffer.

2.4. Gates strategy

The gate strategy of CD45 versus side scatter was used 
at first to identify the lymphocyte population as they 
appear bright with low side scatter. CD45 is a pan- 
leukocytic antigen that displays different patterns of 
expression in different subpopulations of normal leu
kocytes and malignant cells. CD45 is expressed at 
lower levels in progenitor cells. Therefore such gating 
strategy is useful in providing a clear discrimination of 
the cells of interest. In addition, this strategy mini
mizes contamination of blast cells with normal hema
topoietic cells [14].

2.5. Flow cytometry analysis and 
immunophenotyping

The BD four-color FACSCalibur system was used (BD 
Bioscience, USA). Flow cytometry calibration and com
pensation for the overlap between the different fluor
ochrome spectra were done automatically using the 
FacsComp software (BD Biosciences, USA), whereas 
analysis and calculations were performed using 
CellQuest (BD Bioscience, USA). Leukemic cells were 
selected on the basis of CD45 expression versus SSC 
gating. The expression of an antigen on blast cells was 
evaluated, and an antigen was considered positive if 
30% or more of the cells were stained with the anti
body. At least 20,000 events were collected.

3. Results

One hundred and fifty-two pediatric patients newly 
diagnosed with ALL by morphologic examination of 
blood and bone marrow were included in the study 
(83 males and 69 females). Their ages ranged from 
one month to 14 years, with a median of 4 years. All 
152 patient blood samples contained more than 30% 
of blast cells, and 146 of them were positive for ALL 
markers and showed reactivity to specific B or 
T markers. The other six showed both B-lymphoid 
and myeloid characteristics and were categorized as 
biphenotypic acute leukemia (BAL).
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Patients who were positive for ALL markers (146; 
96%), were further characterized according to reactiv
ity with the antibodies (Table 1). Sixty-eight patients 
(44.7% of all patients) were pro-B ALL, all of whom 
were CD10+. The blasts in this group were typically 
small with minimal forward and side scatter. They 
showed very low CD45, which left them close to the 
erythroid cluster on the CD45 versus SSC plot 
(Figure 1(a)). Blasts were mainly positive for 
cyCD79a, CD19, TdT, HLA-DR and CD34 (Figure 1, 
Table 1). Eight patients (5.3% of all patients) had 
pro-B CD10– ALL, and the position of the leukemic 
cells was the same as for their CD10+ counterparts 
(Figure 2). Six patients (3.9% of all patients) were pre- 
B ALL. The cells were positive for CD19, cyCD79a, 
cyIgM and CD20 (Figure 3, Table 1). CD34 was nega
tive in those patients. The defining characteristic of 
this group was the presence of the cyIgM heavy chain.

Six cases (3.9%) were mature-B ALL. The blast cells 
of this subtype of ALL had more forward and side 
scatter, which merged them close to the lymphocyte 
and monocyte regions on the CD45 versus SSC plots. 
The mature-B ALL cells showed positive B-lineage 
antigen markers (Figure 4), with a defining character
istic of bright clonal sIgM. The blast cells were CD10+, 
but the mature antigens and sIgM distinguish them 
from earlier B-lineage ALL cells.

Fifty-eight specimens (38.1% of all) showed reactiv
ity to T-cell specific antigens: cyCD3, CD2, CD5, CD4, 
and CD7 (Table 1). Many of the cells showed substan
tial forward and side scatter, which put them in the 
lymphoblast category (Figure 5). In contrast to B-ALL, 

most T-ALL cases were commonly found in males (46 
out of 58) (Table 2).

Six cases (3.9%) expressed both B-lymphoid (CD19, 
CD20, CD10, cyCD79a) and myeloid (MPO, CD64, 
CD13) antigens simultaneously (Figure 6). These six 
cases were classified as BAL according to the scoring 
system of the European Group for Immunological 
Characterization of Leukemia (EGIL score: 5-point 
B-lymphoid and 3.5 myeloid points) [15,16].

4. Discussion

Characterization of leukemic cells by flow cytometry 
in terms of establishing lineage and differentiation 
stages has become the standard method for ALL clas
sification. Detection of intracellular and surface anti
gens of leukemic cells has enhanced immunological 
classification and improved diagnostic accuracy 
[12,17]. Some markers are important not only for line
age assignment but also as prognosis markers. In this 
study, blood samples from Libyan children with ALL 
were used to analyze the expression of surface and 
cytosolic antigens using multiparameter flow cytome
try. To the best of our knowledge, this is the first 
study to present flow cytometry results following 
analysis of blood samples taken from Libyan pediatric 
patients.

In addition to surface antigens, we identified intra
cellular antigens to establish the correct lineage 
affiliation according to the 2008 and 2016 WHO 
recommendations [6,18]. We used MPO in our first 
panel tube as best myeloid lineage determinant,

Table 1. Immunophenotyping of acute lymphoblastic leukemia: percentage of patients scoring positive for given markers.
common B 
pro-B CD10+ 
(n) = 68

common B 
pro-B CD10- 

(n) = 8
pre-B 

(n) = 6
mature-B 

(n) = 6
T-ALL 

(n) = 58

CD19 100% CD19 100% CD19 100% CD19 100% CyCD3 100%
CD79a 100% CD79a 100% CD79a 100% CD79a 100% sCD3 83%
CD10 100% CD10 0% CD20 60% CD20 100% CD2 94%
CD20 22% CD20 0% CD22 100% CD22 100% CD5 86%
CD22 98% CD22 33% CyIgM 100% sIgM 100% CD4 84%
CD34 96% CD34 89% HLA-DR 100% HLA-DR 100% CD7 94%
HLA-DR 98% HLA-DR 100% TdT 60% TdT – CD8 81%
TdT 98% TdT 89% CD13 60% CD13 33% CD34 17%
CD13 53% CD13 44% CD14 11%

TdT 42%
HLA-DR 25%

Figure 1. Pro-B ALL CD10+ (common B ALL). The blasts were selected and gated as they appear on the CD45 and SSC (green) 
(a). (b) cyCd79a versus SSC. (c) CD19 versus SSC. (d) CD34 versus SSC. (e) CD10 versus SSC.
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while CD19 and cytoplasmic CD3 were used to con
firm B and T lymphoid lineages, respectively. CD19 
has been shown to be expressed in almost every 
B ALL case [19], and recognized as a key component 
of both diagnostic and minimal residual disease mon
itoring. Furthermore, due to the fact that cytoplasmic 

CD3 expression is much higher in T ALL than the 
surface CD3 [19], therefore this marker was used to 
demonstrate the T ALL lineage, followed by the other 
lineage-specific markers as described in the material 
and methods section. Intracellular antigens were also 
helpful in cases lacking surface expression or

Figure 2. Pro B-ALL CD10–. The blasts were selected and gated as they appear on the CD45 and SSC (green) (a). Shown are 
plots of cyCd79a versus SSC (b), CD19 versus SSC (c), CD34 versus SSC (d), and CD10 versus SSC (e).

Figure 3. Pre-B ALL. The blasts were selected and gated as they appear on the CD45 and SSC (green) (a). Shown are plots of 
cyCd79a versus SSC (b), CD19 versus SSC (c), CD34 versus SSC (d), and cyIgM versus SSC (e).

Figure 4. Mature B-ALL. The blasts were gated and colored green. (a) dot plot of CD45 versus SSC by which leukemic cells are 
selected. (b) the plot shows the expression of CD79a on blast cells. (c) dot plot of CD20 versus SSC. (d) dot plot shows the 
absence of CD34 expression. (e) dot plot of IgM versus SSC with the positive expression of IgM.

Figure 5. Shown are representative dot plots for the expression of surface and intracellular antigens of T-ALL leukemic cells. (a) 
CD45 versus SSC with a high percentage of blasts (green). Strong expression of cyCD3 (b), CD2 (c), CD7 (d) and CD5 (e) on the 
blast cells (green).
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disclosing ambiguous phenotypic features, and in 
identifying BAL. These intracellular antigens, the ear
liest identifiable markers specific for B, T and myeloid 
cells [20,21], are useful not only in confirming the cell- 
lineage association of ALL subgroups, but also in 
identifying immaturity of blasts (Table 1). We further 
used CD34 marker to identify leukemic cells in early 
stages. Moreover, this antigen can serve as useful 
follow-up markers because they may remain on blasts 
at later stages of maturation, providing an abnormal 
pattern that can be a landmark for follow-up.

Our results have shown that B-ALL is the predomi
nant type of leukemia affecting 57.9% of our cases, 
which is comparable to other studies [22–27]. On the 
other hand, the incidence of T-ALL represented 38.1% 
of all cases, which is approximately similar to that 
reported in Moroccan children (37%) [28], but is 
higher than reported in Mexico (6.1%) [26], Saudi 
Arabia (14.7%) [23], and Holland 14.0% [29]. In our 
study, T-ALL was more commonly found in males 
(79.3% of all T-ALL cases). This is in agreement with 
other studies [30,31]. T-ALL is recognized as a poor 
prognostic group, however, it is important to corre
late this finding with all other prognostic factors 
before conducting suitable treatment regime.

Differences in the incidence of ALL subtypes have 
been reported even within the same country. For 
instance, in eastern India, T-ALL represented 50% of 
total cases, compared to 15–20% of cases in the 
western region, in contrast B-ALL was the predomi
nant subtype in the western region, accounting for 
60–80% [32]. Risk factors such as inherited genetic 

susceptibility and environmental exposure have 
been associated with ALL [33]. Genetic alterations in 
terms of unique gene mutations and rearrangements 
have been correlated with ALL variations and sub
types classifications [7]. These genetic abnormalities 
could improve the diagnosis and prognosis of the 
disease, which in turn lead to better therapeutic man
agement strategy.

The most common subtype of B-ALL we observed 
was related to the common B ALL (pro-B with positiv
ity of CD10) (44.7%). Predominance of this subtype 
has been reported in different studies [23,24,29,34]. 
Future research on more samples from different parts 
of the country are needed to provide insights into the 
observed prevalence differences in ALL subtypes. Six 
cases in our study expressed cell markers of more 
than one lineage. EGIL defines those biphenotypic 
subtypes as a group in which blasts simultaneously 
express myeloid and lymphoid antigens. Our immu
nophenotyping data show that the acute leukemia 
cases with this type of aberrant antigen expression 
represented 3.9% of all cases. This rate compares well 
with others [35–39]. In our study, the biphenotypic 
cases were B/myeloid leukemia expressing the mye
loid markers MPO, CD64, CD13 and the B-cell antigens 
CD19, CD20, CD10 and cyCD79a. B/myeloid is the 
most common immunophenotype among ambiguous 
lineage [40,41]. The biphenotypic subtype normally 
has a worse prognosis than other ALL subtypes, and 
it is diagnostically and therapeutically challenging. 
Although these subtypes have a low incidence, 
accounting for 2–5% of ALL cases [36,40], it is

Table 2. Immunophenotyping of acute lymphoblastic leukemia: distribution of ALL subtypes by 
gender.

ALL 
Subtypes

common B 
pro-B CD10+ 

(n) = 68

common B 
pro-B CD10- 

(n) = 8
pre-B 

(n) = 6
mature-B 

(n) = 6
T-ALL 

(n) = 58

(n) 
M 

(%)  

(n) 
F 

(%)

32  

47.05  

36  

52.94

6  

75  

2  

25

4  

66.7  

2  

33.3

2  

33.3  

4  

66.7 

46  

79.3  

12  

20.7

Figure 6. Biphenotypic acute leukemia (BAL). The blasts (green) were gated on CD45 versus SSC dot plot (a). Shown is the 
expression of cyCd79a versus MPO (b), CD19 (c), CD20 (d) and the myeloid-specific antigen of CD13 (e).
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recommended to include lineage-specific antigens as 
advised by the WHO into routine examinations, so 
that biophenotypic subtypes are not excluded during 
diagnosis of leukemia samples [6]. This would provide 
accurate descriptive information about the blast cells 
of those subtypes that is useful for disease monitor
ing, provides clues to disease genetics, and most 
importantly can help to select effective treatment.

5. Conclusion

Flow cytometry analysis of ALL subtypes can help to 
evaluate and predict the outcome of patients with ALL, 
and in order to design treatment effectively, it is impor
tant to rely on reasonably accurate prognostic markers. 
More research on large numbers of patients are needed, 
using the data presented in this study as a reference, to 
establish an optimal number of markers and to standar
dize immunophenotyping techniques. Furthermore, the 
identification of genetic abnormalities in Libyan pedia
tric patients with ALL is importantly needed to incorpo
rate the immunophenotypic results and genetic 
characteristics with clinical outcome.
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