
This article appeared in a journal published by Elsevier. The attached
copy is furnished to the author for internal non-commercial research

and education use, including for instruction at the author's
institution and sharing with colleagues.

Other uses, including reproduction and distribution, or selling or
licensing copies, or posting to personal, institutional or third party

websites are prohibited.

In most cases authors are permitted to post their version of the
article (e.g. in Word or Tex form) to their personal website or
institutional repository. Authors requiring further information

regarding Elsevier's archiving and manuscript policies are
encouraged to visit:

http://www.elsevier.com/authorsrights



SOHO Supplement 2016
Author's Personal Copy
Immunophenotypic Characterization of
Cytogenetic Subgroups in Egyptian Pediatric
Patients With B-Cell Acute Lymphoblastic

Leukemia
Shady Adnan Awad,1 Mahmoud M. Kamel,1 Mahmoud A. Ayoub,1

Ahmed M. Kamel,2 Essam H. Elnoshokaty,1 Niveen El Hifnawi1

Abstract
ALL is the most common childhood malignancy and identification of prognostic factors is important for further
improvement of the treatment outcome in this fatal disease. Cytogenetic changes and MRD are the most
powerful prognostic factors in ALL. We identified significant correlations between some CD markers and
cytogenetic subgroups which can be used in MRD monitoring and as potential therapy targets.
Background: Identification of prognostic factors in acute lymphoblastic leukemia (ALL) patients is important for
stratifying patients into risk groups and tailoring treatment accordingly. Molecular and cytogenetic abnormalities are
the most important prognostic factors. Minimal residual disease (MRD) is also an important predictor of relapse in ALL.
However, the correlation of both prognostic variables has not been thoroughly studied. Methods: We investigated the
correlation between defined cytogenetic abnormalities and selected new MRD markers (CD79b, CD123, and CD200)
in 56 newly diagnosed Egyptian pediatric B-cell ALL patients. Results: CD123 found to be expressed in 45% of
patients, CD200 in 80.3%, and CD79b in 67.9%. MRD analysis during treatment showed stable expression patterns of
CD200. There was significant association of CD123 expression with the hyperdiploid ALL group (P ¼ .017). Another
association (P ¼ .029) was found between CD79b negativity and the t(12;21) group. CD200 was widely expressed in all
groups. Conclusion: There is a significant correlation between some markers, and certain ALL recurrent cytogenetic
subgroups (CD123 and hyperdiploidy, CD79b negativity, and ETV-RUNX1 group) have good prognostic value. CD200
can be used as MRD markers in ALL patients and can also can serve as therapy targets.
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Introduction
Acute leukemia accounts for about one third of all childhood

malignancy, of which acute lymphoblastic leukemia (ALL) is the
most common type, accounting for about 80% of pediatric leuke-
mia.1 In Egypt, the annual incidence of ALL is about 4 cases per
100,000 children, accounting for about 20% of pediatric malig-
nancies.2,3 In recent reports, the overall survival of pediatric ALL is
close to 90%, and about 80% experience long event-free survival.4,5
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The cornerstone of improved survival is the careful risk stratification
of patients according to defined prognostic variables, then tailoring
the treatment accordingly.6,7

Cytogenetic and molecular changes in ALL represent the most
important, defined, and thoroughly studied prognostic variables;
they are used in classification and risk stratification, though they do
not entirely explain differences in treatment responses.8-10 Also,
currently, minimal residual disease (MRD) is the most powerful
prognostic factor in ALL patients, even those with low-risk dis-
ease.11,12 Few publications have studied the correlation between
specific CD markers and certain cytogenetic groups, which needs to
be further explored.13,14

The discovery of new cluster of differentiation (CD) markers of
leukemia and its differential association with certain cytogenetic
groups has many values, including increased resolution between
leukemic and normal cells at diagnosis, characterization of different
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cytogenetic ALL subgroups with a possible prognostic role of
antigen expression and substratification within each group, and
increased MRD sensitivity at follow-up. Furthermore, they may
serve as sites of targeted therapy.13-16

In this study, we first classified 56 newly diagnosed pediatric ALL
patients into subgroups on the basis of defined cytogenetic abnor-
malities. All patients were assessed for their expression profiles of
three CD markers (CD123, CD79b, and CD200) at diagnosis and
during follow-up visits for MRD. The aim of the study was to assess
the association between these markers and defined cytogenetic
abnormalities and other clinical and laboratory parameters, as well as
to assess their stability in terms of MRD analysis.

Methods
Bone marrow samples were collected from 56 newly diagnosed

consecutive B-cell ALL (B-ALL) patients who sought care at the
pediatric oncology clinics of the National Cancer Institute, Cairo
University. The diagnosis of B-ALL was established on the basis of
the 2008 World Health Organization classification criteria.17

Patient age was < 18 years (median, 5 years). Using European
Group for Immunophenotypic characterization of Leukemias
(EGIL) criteria,18 patients were subclassified according to immu-
nophenotypic criteria into three groups: pro-B-ALL, common type
ALL (C-ALL), and pre-B-ALL.

This study was approved by the ethical committee review board
of the National Cancer Institute, Cairo University, in accordance
with the Helsinki guidelines for the protection of human subjects.
Written informed consent was obtained from the parents of all
participants.

Detection of Cytogenetic Abnormalities
Karyotyping (G banding) was performed in all samples. Inter-

phase fluorescence in-situ hybridization (FISH) analysis to confirm
changes and detect other changes was performed with locus-specific
probes, double-color single fusion (Vysis, Downers Grove, IL,
USA), for ETV-RUNX1 and BCR-ABL1 translocations. The sample
was considered positive for translocation when � 3% of blasts were
positive for this translocation.

Polymerase Chain Reaction (PCR)-Based Panel
A PCR-based panel encompassing 5 important translocations,

namely t(9;22)-P190, t(9;22)-P210, t(12;21), t(1;19), and t(4;11),
was used to verify FISH results and to detect other changes. For copy
number variation, in addition to routine karyotyping, DNA index
analysis was used to the confirm the ploidy status of each sample.

CD123, CD79b, and CD200 Expression Profile
A flow cytometric evaluation of the immunophenotype of was

analyzed in all 56 patients’ diagnostic samples using multicolor flow
cytometry (Coulter Epics XL, Navios; Beckman Coulter, Danvers,
MA, USA). Navios software was applied for analysis. Additional tubes
containing those markers (anti-CD79b PE monoclonal antibody
from Beckman Coulter; anti-CD123 FITC and anti-CD200 PE
monoclonal antibodies from Becton Dickinson, Franklin Lakes, NJ,
USA) were added to the initial characterization panel at diagnosis and
follow-up MRD monitoring. CD expression was considered positive
when expressed on � 20% of blast cells.
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MRD Monitoring
Two panels were selected for each case according to antigen

expression pattern at diagnosis. The selected panels were run at
diagnosis and at days 14, 28, and 42 for all patients and also at 6
months and whenever progression was suspected. The CDs of in-
terest were added to the routine MRD panel for B-ALL to verify
their stability and potential use as MRD markers.

Statistical Analysis
Data were analyzed by GraphPad Prism 6.0f software (GraphPad

Software, La Jolla, CA, USA). Numerical data were expressed as
mean and standard deviation or median and range, as appropriate.
Qualitative data were expressed as frequency and percentage. Chi-
square test (Fisher’s exact test) was used to examine the relation
between qualitative variables. For nonnormally distributed quanti-
tative data, comparison between 2 groups was done by the Mann-
Whitney test (nonparametric t test). The multivariant analysis of
variance test was used to compare more than 2 quantitative groups.
A P value of < .05 was considered significant.

Results
Detection of Recurrent Cytogenetic Abnormalities

Full characterization of patients regarding age, sex, hematologic
findings, and basic immunophenotypic criteria is presented in
Supplemental Table 1 in the online version.

For detection of the defined prognostic recurrent cytogenetic
abnormalities, karyotyping, DNA index, FISH, and PCR were
performed.

Karyotyping was attempted in all patient samples; however,
karyotyping was successful in only 21 subjects (37.5%). Twenty
metaphases were analyzed to produce reliable results. Out of those 21
patients, only 10 had an abnormal karyotype, with 7 hyperdiploid
(high hyperdiploid karyotype 51-56 chromosome) and 3 hypodiploid
(44 chromosome). The rest had an apparently normal karyotype. No
translocation could be proved from karyotyping (Figure 1).

DNA index (flow cytometry) analysis revealed that 10 (17.8%)
had a high DNA index (> 1.16), which indicates a hyperdiploid
karyotype. Six patients (10.7%) had a low DNA index (< 0.95),
which is considered to be hypodiploidy. The rest of patients (40
patients, 71.5%) had a DNA index between these values, which is
considered to be a normal DNA index.

Interphase FISH to detect ETV-RUNX1 and BCR-ABL1 fusion
genes was performed for all patients. Seven patients showed positive
signals of t(12;21), representing 12.5% of the studied patients, and
no patient was positive for BCR-ABL1 translocation (Figure 2).

Molecular analysis results revealed that 4 patients (7.2%) were
t(1;19) positive and 1 patient was t(4;11) positive. t(12;21) was
found to be positive in the same 7 patients detected by FISH. No
patient was positive for t(9;22) BCR-ABL translocation. Complex
karyotype (combined genetic abnormalities in the same patient) was
not detected in any patient.

Expression of Immunophenotyping (IPT) Markers in ALL
Patients

Regarding the new markers, CD123 was found to be positive
(expressed in > 20% of the blast population) in 25 patients (45%),



Figure 1 Karyotyping (G Banding) of Man With High Hyperdiploidy

Patient had 65 chromosomes, including trisomy of chromosomes 4, 7, 8, 9, 10, 11, 13, 14, 16, 17, 18, 19, 20, and 22; tetrasomy 12 and 21; and þX.
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CD200 was found to be positive in 45 patients (80.3%), and CD79b
was found to be positive in 38 patients (67.9%) (Table 1, Figure 2).

Correlation of New CD Markers With Cytogenetic Groups
CD123. Comparison of CD123 expression between different

cytogenetic groups revealed significant variation among these groups
(chi-square test, P ¼ .032). The CD123 overexpression incidence
was highest in the hyperdiploid group (86%). When comparing the
percentage of CD123-positive expression between the hyperdiploid
group (8 of 10) and the rest of the patients (17 of 29), there was a
significant difference (chi-square test, P ¼ .017) (Figure 3).

CD200. Comparison of CD200 expression among different cy-
togenetic groups revealed that it was highly expressed in all groups
without significant variation (chi-square test, P ¼ .92). The highest
percentage of CD200-positive expression was in the t(12;21) group
(6 of 7 patients, 86%).

CD79b. Comparison of CD79b expression among different ge-
netic groups had significant variation among these groups (chi-
square test, P ¼ .048). The CD79b-negative percentage was highest
in the t(12;21) group (71%). When comparing the percentage of
CD79b underexpression between the t(12;21) group (5 of 7) and
the rest of the patients (13 of 49), there was a significant difference
(chi-square test, P ¼ .029) (Figure 3).

Comparisons were performed among patients positive and
negative for CD123 and CD79b to ascertain the potential prog-
nostic value of these markers, if any. No significant difference was
found regarding selected parameters (age, hemoglobin, total
leukocyte count, platelet, and immunophenotype).
MRD Monitoring
Follow-up of patients and bone marrow aspirate samples for

MRD was performed for all living patients. Unfortunately, 3
patients (5.3%) died during the induction phase of treatment
(days 11, 14, and 18); the rest of the patients were alive at the time
of follow-up MRD. Forty-nine patients (87.5%) successfully had a
D28 MRD level of < 0.01.

Three patients experienced suboptimal MRD by routine panel of
0.01, 0.05, and 0.1. These patients were followed up after receiving
another induction cycle at day 42 of treatment, where MRD level
became optimally < 0.01. A fourth patient never experienced
remission (MRD was 5 at day 28). Another induction cycle was
initiated, but the patient died at treatment week 12.

The routine panel for MRD (CD10, CD19, CD34, CD38,
CD45, and CD58) was used to monitor MRD in the ALL patients.
When comparing the results of MRD monitoring from this routine
panel and from the incorporation of new markers, we found com-
plete coordination between both results. Furthermore, in 2 of the 4
patients who did not experience optimal MRD response, the level of
MRD detection increased by the incorporation of the new MRD
markers by two to ten times (from 0.01 and 0.05 to 0.1).

Notably, CD123, which was positive in 1 of these 4 patients;
CD79b, which was positive in 3 cases; and CD200, which was pos-
itive in all cases, were stably expressed by blasts inMRD samples, thus
denoting the stability of these markers as MRD markers.

Discussion
Many studies were performed to correlate the immunopheno-

typing criteria to the underlying cytogenetic abnormalities, which
would help in characterizing these cytogenetic subgroups, highlight
Clinical Lymphoma, Myeloma & Leukemia August 2016 - S21



Figure 2 t(12;21) Acute Lymphoblastic Leukemia (A) Interphase FISH for ETV-RUNX1 Fusion Gene Shows Positive Signal (Bottom) and
Negative Signal (Top). (B) Immunophenotyping Shows Blast Population Positively Expressing CD123 and CD200 (Right) and
Negative for CD79b (Left)

Abbreviation: FISH ¼ fluorescence in-situ hybridization.
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the molecular pathways of defined ALL subtypes, and create new
possibilities of targeted therapy.12,14,15,19 Selection of the CD
markers was either from routinely used diagnostic panels12,19 or was
based on gene expression analysis.15 In this study, we selected 3 CD
markers (CD123, CD200, and CD79b) on the basis of the
promising results for their use as targets of therapy.20-24

Cytogenetic characterization of our patients showed percentages
of different ALL recurrent cytogenetic subgroups similar to those
reported in the literature, including large pivotal studies5,9,25-28 and
previous studies on Egyptian patients,2,29 denoting the good
representative features of the studied population.

Significant correlation was found between CD123 expression and
hyperdiploid ALL compared to other ALL subgroups, which have
been previously reported.14,15 A possible explanation of this aber-
rant high expression comes from the fact that the X chromosome
(containing the IL3RA gene) is one of the most common gained
chromosomes in hyperdiploid ALL, which may lead to increased
Clinical Lymphoma, Myeloma & Leukemia August 2016
gene expression in the neoplastic cells.30-32 This was also evident in
6 of 7 hyperdiploidy cases with an available karyotype.

Another significant correlation was found between CD79b-
negative expression and ETV-RUNX1 positive ALL.14 In this pre-
viously published study, there was a significant correlation between
CD200 expression and this cytogenetic group; however, we could
not demonstrate such an association in our study, although it was
partly similar in that CD200 expression was the highest in the ETV-
RUNX1 group. This can be partly explained by the wide positive
expression of CD200 in almost all groups (80.3% of all patients),
reflecting its potential role as a therapeutic target but not as a
characterization marker. This high prevalence of CD200 expression
has been noted in previous studies.33,34

The stable expression profile of these markers and the perfect
correlation of CD200 with MRD results using routine panels of
even higher sensitivity indicated the potential use of these markers
in MRD monitoring and follow-up, especially for CD200.



Table 1 Comparison Among ALL Cytogenetic Subgroups (n [ 56)

Characteristic
Hyperdiploidy
(n [ 10)

t(12;21)
(n [ 7)

t(1;19)
(n [ 4)

Hypodiploidy
(n [ 6)

t(4;11)
(n [ 1)

Normal
Karyotype
(n [ 28) P

Age (years), mean � SD 4 � 1.3 3.5 � 1 6.6 � 4.6 9.2 � 5.1 6 months 9.4 � 5.3 .021

Hemoglobin (g/dL)
(mean � SD)

10.2 � 1.3 10.1 � 2.2 8.2 � 1.5 8.3 � 0.7 6.1 7.9 � 2.3 .005

TLC (3109/L)

Mean � SD 21.8 � 14.9 12.9 � 5.4 38.7 � 23.9 30.5 � 18 120 36.4 � 33.1 .122

Median (range) 18.20 (2.4-52.8) 14.40 (5.1-20.1) 32.80 (17.5-72.1) 28.05 (9.7-55.6) 25.5 (3.8-138)

Platelets (3109/L)

Mean � SD 139.3 � 108 177.4 � 123 34 � 15.1 56.5 � 48 8 58.3 � 84.6 .008

Median (range) 127 (9-386) 180 (35-400) 32 (18-54) 43 (12-147) 37 (4-442)

Immunophenotype <.001

C-ALL 7 5 0 2 0 19

Pre-B-ALL 3 2 4 4 0 9

Pro-B-ALL 0 0 0 0 1 0

COG Risk Groups <.001

Low 8 6 0 0 0 0

Average 2 1 1 3 0 12

High 0 0 3 2 0 12

Very high 0 0 0 0 1 5

New Markers

CD123 positive 8 (80%) 3 (43%) 1 (25%) 3 (50%) 0 10 (36%) .032

CD200 positive 8 (80%) 6 (86%) 3 (75%) 4 (67%) 1 (100%) 23 (82%) .92

CD79b negative 4 (40%) 5 (71%) 1 (25%) 2 (33%) 0 (0%) 6 (21%) .048

Abbreviations: ALL ¼ acute lymphoblastic leukemia; B-ALL ¼ B-cell ALL; C-ALL ¼ common type ALL; COG ¼ Children’s Oncology Group; TLC ¼ total leukocyte count.

Figure 3 Comparison Between Acute Lymphoblastic Leukemia Cytogenetic Subgroups Shown are Expression of (A) CD123 and (B)
CD79b

Shady Adnan Awad et al
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Introduction of such specific and new markers to the routine panels
would also allow monitoring of currently problematic leukemia,
such as that lacking a traceable immunophenotype or that with
immunophenotype shift.

In conclusion, we found a significant correlation between some
markers and certain ALL recurrent cytogenetic subgroups (CD123
and hyperdiploidy, CD79b negativity, and ETV-RUNX1). This
correlation may help in the further characterization of these groups
and in understanding its underlying molecular pathways. Also,
because they are associated with such favorable groups, these
markers may have some prognostic values (although this was not
quite statistically significant in this study). Using CD200 in MRD
monitoring would increase the sensitivity and resolution of MRD.
Interestingly, these markers may serve as potential therapeutic
targets in ALL therapy.

Clinical Practice Points

� Cytogenetic and molecular changes in ALL represent the most
important prognostic variables; they are used in classification and
risk stratification. Also, currently, minimal residual disease
(MRD) is the most powerful prognostic factor in ALL patients,
even those with low-risk disease. Few publications have studied
the correlation between specific CD markers and certain cyto-
genetic groups, which needs to be further explored.

� As a conclusion, we found a significant correlation between some
markers and certain ALL’ recurrent cytogenetic subgroups
(CD123 and hyperdiploidy, CD79b negativity, and ETV-
RUNX1). While the third studied marker (CD200) was widely
expressed in the majority of cases.

� We also noticed stable expression profile of these markers and
perfect correlation of CD200 with MRD results using routine
panels, even more increased sensitivity, denote the potential use
of these markers in MRD monitoring and follow up.

� These results may help in further characterization of these groups
and in understanding its underlying molecular pathways.

� Interestingly, these markers may serve as potential therapeutic
targets in ALL therapy.
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Supplemental Table 1 Characteristics of 56 ALL Patients
(n [ 56)

Criterion Value
Age (Years)

Mean � SD 7.1 � 5.45

Median (range) 5 (6 months to 18 years)

Sex

Male 36 (65%)

Female 20 (35%)

Hemoglobin (g/dL)

Mean � SD 8.3 � 2.2

TLC (3106/L)

Mean � SD 35.3 � 32.4

Median (range) 18.8 (2.4-155)

Platelets (3106/L)

Mean � SD 80.3 � 105.1

Median (range) 40.5 (4-450)

PB Blast Percentage

(Mean � SD) 51.5 � 33.3

Median (range) 65 (2-99)

BMA Blast Percentage

(Mean � SD) 90.2 � 5.3

Immunophenotyping

C-ALL 34 (60.7%)

Pre-B-ALL 21 (37.5%)

Pro-B-ALL 1 (1.8%)

New Markers (% Positive)

CD123 25 (45%)

CD200 45 (80.3%)

CD79b 38 (67.9%)

Cytogenetic Fractions

Hyperdiploidy 10 (17.8%)

t(12;21) 7 (12.5%)

t(1;19) 4 (7.2%)

Hypodiploidy 6 (10.7%)

t(4;11) 1 (1.8%)

Normal karyotype 28 (50%)

Abbreviations: ALL ¼ acute lymphoblastic leukemia; B-ALL ¼ B-cell ALL; BMA ¼ bone marrow

Shady Adnan Awad et al
Author's Personal Copy
aspirate; C-ALL ¼ common type ALL; PB ¼ peripheral blood; TLC ¼ total leukocyte count.
Clinical Lymphoma, Myeloma & Leukemia August 2016 - S24.e1


	Immunophenotypic Characterization of Cytogenetic Subgroups in Egyptian Pediatric Patients With B-Cell Acute Lymphoblastic L ...
	Introduction
	Methods
	Detection of Cytogenetic Abnormalities
	Polymerase Chain Reaction (PCR)-Based Panel
	CD123, CD79b, and CD200 Expression Profile
	MRD Monitoring
	Statistical Analysis

	Results
	Detection of Recurrent Cytogenetic Abnormalities
	Expression of Immunophenotyping (IPT) Markers in ALL Patients
	Correlation of New CD Markers With Cytogenetic Groups
	CD123
	CD200
	CD79b

	MRD Monitoring

	Discussion
	Clinical Practice Points

	Disclosure
	Supplementary Data
	References


