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A B S T R A C T

This study was designed to assess the significance of interleukin-2 receptor (CD25) and inteleukin-3 receptor
(CD123) expression in cytogenetically normal acute myeloid leukemia (CN-AML) patients. The current study
includes 80 CN-AML (≤ 60 years) before the start of therapy. Blast cells expression for CD25 and CD123 were
identified by flowcytometry in fresh bone marrow samples. CD25+/CD123-; CD25-/CD123+. CD25+/
CD123+, CD25-/CD123- expression were as follow: 10/80 (12.5%); 18/80 (22.5%); 17/80; (21.25%), 35/80
(43.5%) respectively. The total CD25 expression was detected in 27/80 (33.75%), and CD123 expression was
detected in 35/80 (43.75%%). CN-AML patients showed CD25+/CD123+ co-expression had the lowest in-
duction remission rate and the shortest overall survival as compared to those lack co-expressions (P <0.01;
P=0.023 respectively). Also, there is strong positive association between CD25+/CD123+ co-expression and
FLT3 mutations (P<0.001) and negative one with NPM1 mutation (P<0.001). In conclusion: CD25+/CD123+
co-expression in CN-AML patients define a subgroup of patients with adverse outcome. Identification of CD25/
CD123 expression in CN-AML patents at diagnosis could be included in risk stratification. There is strong as-
sociation between CD25+/CD123+ positive expression and FLT3 mutations.

1. Introduction

Acute myeloid leukemia (AML) is the commonest acute leukemia in
the adults age. AML is a heterogeneous disease which caused by various
molecular and cytogenetic abnormalities driven leukemogenesis, in-
cluding chromosome abnormalities and gene mutations. It was ranked
as the six highest cancer-related death in male population [1].

The risk stratification of AML was primarily based on Cytogenetic
findings and molecular genetic alterations which provide significant
prognostic information for determining the response to chemotherapy
and survival outcome. However; about 40% of AML patients lack cy-
togenetic abnormalities [2]. In this group of patient's current efforts
have to be done for better stratifications. The most important recurrent
genetic aberrations govern the prognostic stratification of that sub-
group of patients are the FMS-like tyrosine kinase 3 (FLT3) and Nu-
cleophosmin 1 (NPM1) mutations. In the context of this evolving mo-
lecular risk assessment, antigen-expression profiles have been identified
as surrogates for certain leukemic genotypes. Furthermore, a few single
antigens per se have been found to be predictive of clinical response. In
most cases, however, the prognostic power of antigens has not been

disassociated from underlying genetic determinants [3–7].
Previous reports suggest that CD25 and CD123 expression have

been associated poor outcome of AML patients [3,4]. CD25 is known as
interleukin 2 (IL2) receptor alpha (IL2RA). IL-2 cytokine regulates cell
proliferation, differentiation, survival and apoptosis [5]. CD25 was
previously reported to be frequently expressed by AML blast cells; and
associated with poor outcome of AML independent of cytogenetic
findings [6–8].

CD123 is known as interleukin 3 receptor, alpha (IL-3Rα). IL3R is a
heterodimeric cytokine receptor composed of the alpha unit and beta
unit, which well be activated by ligand binding [6]. IL-3 is one of the
prominent cytokines that controls proliferation, growth and differ-
entiation of hematopoietic cells [6,7]. Recently many authors [7,8]
have shown that CD123 is expressed in several hematologic neoplasms,
including B-cell acute lymphoblastic leukemia, but expressed at a low
level or to be absent on normal hematopoietic stem cells [7]. Im-
portantly, CD123 is expressed at both the level of leukemic stem cells
(LSCs) and more differentiated leukemic blasts [8–12]. No previous
study was assessed the prognostic value of CD25/CD123 expression in
AML with normal cytogenetic. The aim of this study was to determine
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the prognostic impact of CD25/CD123 co-expression on disease char-
acteristics as well as CN-AML patient's outcome.

2. Methods

2.1. Patient samples

This study comprised 80 CN-AML patients (age ≤ 60 years) before
start of therapy. All investigated patients gave informed consent.
Diagnostic bone marrow and/or peripheral blood samples were taken
from the all investigated patients. The patients were subjected to both
morphologic examination of the peripheral blood smear and bone
marrow smear, immunophenotypic evaluation using antibodies panel
included CD34PE(Clone8G12), MPOPE(clone 5B8) CD33PE (Clone
D3HL60.251), CD13FITIC (Clone SJIDI), CD117PE(Clone 10uD2),
HLADR Percep-Cy(Clone G4606); CD14APC(Clone rmC5-3), CD61FITC
(clone HI-PL2);CD64PE (Clone22), Glycophorin FITC (Clone 11E4B-
7–6) by flow cytometry. The included AML patients were followed up to
12 months or until death. The study has been approved by Mansoura
faculty of medicine local ethics committee.

2.2. Exclusion criteria

Patients with acute promyelocytic leukemia or favorable [t(8;21);
inv 16; t(16;16)], and unfavorable risk cytogenetics [numerical or
structural deletion of chromosome 7 or 5, trisomy 8, t(9;22), 11q23
rearrangements] according to the WHO 2016 criteria.

3. Methods

3.1. Cytogenetic study

Conventional karyotyping was performed on bone marrow (BM)
diagnostic aspirates after short-term culture and analyzed after G-
banding [13]. The description of the karyotypes was done according to
the International System for Human Cytogenetic Nomenclature.

3.2. Molecular studies of NPM1 exon12 and FLT3-ITD and FLT3-TKD

RNA was extracted from fresh EDTA-anticoagulated peripheral
blood or bone marrow leukemic cells using the QIAamp blood RNA
extraction kit (QIAGEN Inc., Valencia, CA). Then cDNA synthesis were
carried out (Invitrogen Life Technologies, Breda, The Netherlands)
followed by amplification of selected DNA sequence ( NPM1 exonn12
or FLT3 status (both ITD and TKD mutations) using previously de-
scribed primers (14); PCR Cycling program for mutation detection were
as follows: one cycle, five minutes at 94 °C; Thirty cycles, one minute at
94 °C, one minute at 58 °C, and one minute at 72 °C; and one cycle,
seven minutes at 72 °C. PCR products were subsequently purified fol-
lowed by direct sequencing using an ABI-PRISM3100 genetic analyzer
(Applied Biosystems, Foster City, CA). Raw data were analyzed with
GeneMapper v4.0 software (Applied Biosystems, Inc., USA).

3.3. Flow cytometric determination of CD25/CD123 cell antigen expression

For CD25 and CD123 detection, the stain/lyse/wash technique was
used. Briefly, in one tube 10 μl of the CD25-PE McAb (CLONE MA-251
BD PHARMAGEN ); 10 ul of CD123-FITC MoAb ( CLONE 7G3 BD
PHARMAGEN); and 10 ul of CD45 APC ( CLONE H130 BD PHARMA-
GEN) were added to 100 μl of ethylene diamine tetra acetic acid (EDTA)
fresh bone marrow samples, mixed well, and incubated for 15 min at
room temperature. The cells were then washed twice with phosphate-
buffered saline (PBS); 2 ml lysing solution was added, mixed, and left
for 15 min in the dark, and then the cells were washed twice with PBS.
After the last wash, the cells were suspended in 500 ul of PPS and then
analyzed using a flow cytometer (a FACS Canto flow cytometer with

Cell Quest software; Becton Dickinson). At least 10,000 events/ tube
were measured.

The blast gate was defined on the basis of CD45dim expression and
side-scatter characteristics and calculated as a percentage of total gated
events. For analysis of CD25 and CD123 expression, measurements
included mean fluorescence intensity (MFI) on leukemic blasts (ad-
justed for background fluorescence using negative internal controls)
and relative mean fluorescence intensity (RFI) ratio (leukemic blasts
versus non-leukemic events). In patients’ samples, for CD25 (CD25+)
and CD123 (CD123+) was defined as expression in ≥20% of leukemic
blasts using MFI more than that detected from the background fluor-
escence in the negative controls (nonleukemic gated events).

3.4. Statistical analysis

Quantitative data were presented as median (minimum, maximum)
or mean± standard deviation (SD) values. Qualitative data were pre-
sented as frequencies and percentages. Fisher`s exact test was used to
determine the differences between groups when the data is normally
distributed. Kruskal-Wallis tests was used to compare non parametric
continuous variables between more than 2 groups and Wilcoxon-Mann-
Whitney rank-sum test for comparison between 2 groups. Log rank
compared Kaplan-Meier survival curve. The significance level was set at
P≤ 0.05. Statistical analysis was performed with IBM® SPSS® Statistics
Version 24 for Microsoft Windows, SPSS Inc. with two sided statistically
significance level at P < 0.05.

4. Results

The pattern of CD25 and CD123 expression in CN-AML patients are
shown in Table 1. CD25+/CD123- (single positive expression); CD25-/
CD123+ (single positive expression). CD25+/CD123+ (double posi-
tive expression), CD25-/CD123- (double negative expression) were as
follow: 10/80 (12.5%); 18/80 (22.5%); 17/80; (21.25%), 35/80
(43.5%) respectively. The total CD25 expression was 27/80 (33.75%),
and CD123 expression was 35/80 (43.75%%).

Comparing blood cell counts and blast cell percentage in the blood
smear and bone marrow in different pattern of expression reveal that;
the CD25+/CD123+ group have lower hemoglobin level; lower pla-
telets count; higher blood white cell count; higher bone marrow blasts;
blood smear blast cells as compared to subgroups of CN-AML patients
with other pattern of expressions and the differences were statistically
significant (P=0.014; 0.43;<0.05; 0.04 respectively) (Table 2).

CN-AML subgroup patients showed CD25+/CD123+ expression

Table 1
CN-AML patient's characteristics.

Item No (%)

Sex
Male 45
Female 35

FAB subtypes
M0 3 (3.7%)
M1 15(18.7%)
M2 17(21.3%)
M4 35(43.8%)
M5 10(12.5%)

Induction of remission
Responder 45
Non-responder 35

CN AML
Positive CD25+/CD123+ co-expression

17

CN-AML
Lack CD25+/CD123+ Co-expression

63

Deaths
Alive 47
Dead 33
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had significantly lower induction of remission response rate as com-
pared to other subgroups (Table 3). The difference was statistically
significant (P<0.01). Out of 80 tested patients 20 (25%) harbored in
their leukemic cells the FLT3-ITD mutations. The association between
FLT3 positive mutations and the pattern of CD25 and CD123 expres-
sions were as follow: 17 cases of them were present in CD25/CD123
positive co-expression subgroup; 11 in the CD25+/CD123- negative
subgroup and 16 in CD25-/CD123+ cases and no one case in the
CD25-/CD123- subgroup. The differences in the distributions of FLT3
mutations among AML patients’ subgroups was statistically significant
(P<0.001) (Table 4). Moreover, NPM1 was detected in 52.5% of the
studied CN-AML patients. The association studies between NPM1 and
CD25 and CD123 positive co-expression reveal that there is strong as-
sociation between lack of co-expression and NPM1 negative (Table 4).

The impact of CD25 and CD123 expressions pattern on the CN-AML
patients’ overall survival were studied using Kaplan Meier curve. From
this curve, it is evident that CD25+/CD123+ co-expression had the
lowest overall survival as compared to those lack CD25/CD123 double
expression (P<0.01) (Table 5; Fig. 1).

5. Discussion

CD25+/CD123+ positive expression was identified in 17/80
(21.2%) of CN-AML patients. No previous study was evaluating the
CD25+/CD123+ co-expression in this cohort of CN-AML patients.

However; Miltiades et al. [15] studied CD25 expression in myelodys-
plastic syndrome AML blasts and reported that CD25 positive expres-
sion was detected in 14 patients (17%) at diagnosis. Moreover, Cerny
et al. [16] found that the positive expression of CD25 at diagnosis was a
strong predictor of treatment failure. Also, Khasawneh and Abdel-
Wahab [14] concluded that the determination of CD25 expression
status improves prognostic risk classification in AML independent of
established biomarkers and could be predict patient responses and
minimal residual disease.

The data concerning the impact of CD25 positive expression and the
role of IL2 on the proliferation of CD25 positive blasts cells on AML
patients is unclear [17]. CD25 may impart environmental signals,

Table 2
Association between CD25 and CD123 expressions and hematological parameters.

Pattern of expression Hb (g/dl)M±SD Platelets x 103/ul)Median
(Range)

WBCs x 103/ul)Median
(Range)

Blood blast cells (%)Median
(Range)

BM blast cells (%)Median
(Range)

CD25+/CD123-
(n=10)

9.62±2.35 34 (4.55–249) 17.7 (1.2–155) 50 (10–90) 50 (4–90)

C25-/CD123+
(n=18)

9.97±2.66 25.6 (4.55–249) 20.8 (1.11–315) 40 (12–90) 60 (6–90)

CD25+/CD123+
Co-expression
(n=17)

7.76±2.11 17.85 (8.01–73) 18.6 (1.2–226) 55 (14–90) 87.5 (70–92)

CD25-/CD123-
(n=35)

9.13±2.37 57.9 (8.01–160) 12.8 (1.11–140) 22 (5–92) 60 (4–50)

P=0.014 P=0.043 P<0.05 P<0.05 P=0.004

Table 3
Impact of CD25, CD123 expression pattern on the induction of remission response.

CN-AML CD25+/CD123- expression CD25-/CD123+ expression CD25+/CD123+Co-expression CD25-/CD123-expression
Positive(n=12) Positive(n=18) positive(n=17) (n=33)

Induction of remission response
Responder

(n=45) (56.3%)
5 8 2 30

Non-responder
(n=35) (43.7%)

7 10 15 3

P value <0.01

Table 4
Association of CD25 and CD123 expression and FLT3 and NPM1 mutations.

CN-AML CD25+/CD123- expression CD25-/CD123+ expression CD25+/CD123+Co-expression CD25-/CD123-expression

Positive
(n=12)

Positive
(n=18)

positive
(n=17)

(n=33)

FLT3 mutations
Yes (n=20) (25%) 1 2 17 0
No (n=60) (75%) 11 16 0 33
P value <0.001
NPM1mutation
Yes (n=42) 5 5 1 31
No (n=38) 7 13 16 2
P value <0.001

Table 5
Survival Analysis of CN-AML subgroups.

CN-AML subgroups Mean
Estimate Std. Error 95% Confidence Interval

Lower
Bound

Upper
Bound

Double negative expression 10.686 0.545 9.618 11.753
Double positive expression 4.882 0.973 2.975 6.790
Single (CD25+) expression 7.200 1.522 4.217 10.183
Single (CD123+)

expression
6.611 1.139 4.379 8.843

P value = 0.001

S. Aref, et al. Leukemia Research Reports 13 (2020) 100203

3



whereas, soluble form of CD25 may suppress the immune antitumor
response through competition with the cellular surface CD25 for IL-2
which lead to increased tumor burden as well as disease severity
[17,18]. The expression of CD25 on AML blast may point for specific
myeloid progenitor or stage which have chemotherapy resistant char-
acteristic [19].

The induction of remission response rate was significantly lower in
CD25+/CD123+ double positive expression as compared to subgroup
of CN-AML patients lack double antigens expression. This finding is
similar to that reported by Thol et al. [20] and Hou et al. [21]; they
observed that CD25 expression was associated with a reduced response
to induction chemotherapy, irrespective of the dose of daunorubicin.

FLT3-ITD mutation was detected in 20 out of 80 CN-AML patients
(25%). This finding is nearly similar to that previously reported by
Niparuck et al. [1] which is 18%, but near to that described by Med-
inger and Passweg [22] which ranged between 28–34%. Moreover,
there is strong association between FLT3-ITD mutation and CD25+/
CD123+ co-expression in our study. All cases harbored FLT3-ITD
mutation were positive for CD25/CD123. Similar finding was reported
by Angelini et al. [23].

NPM1 mutations was directed in 52.5% of CN-AML. Similar finding
was reported by Angenendt etal [24] and Kunchala et al. [25] who
stated that Approximately 50–60 percent of patients with NK-AML
carry NPM1 mutations. Nucleophosmin 1 (NPM1) performs diverse
biological functions including molecular chaperoning, ribosome bio-
genesis, DNA repair, and genome stability. Moreover; mutant NPM1
(NPM1c+) acts in a dominant negative fashion and also blocks the
differentiation of myeloid cells through gain-of-function for the AML
phenotype

CN-AML patient's subgroup exhibited CD25+/CD123+ co-expres-
sion had significantly shorter overall survival as compared to those
patients who had other pattern of expressions. The poor outcome of
CD25+ AML patients has been attributed to the chemo-resistant prop-
erties of myeloblasts expressing CD25+ which suggested by previous
study [25].

Previous report [8] stated that myeloblasts expressing CD123 ex-
hibit higher proliferative activity and more resistant to apoptosis
trigged by growth factor deprivation; Moreover, Myeloblasts showed
CD123+ expression frequently display constitutive Stat5 phosphor-
ylation and that its incubation with IL-3 induced Stat5 activation at a
significant higher levels than that leukemic cells with normal CD123
levels [8]. Furthermore, Positive CD123 expression at diagnosis is as-
sociated with increased blast cells and total white blood cells and as-
sociated with a negative prognosis [8]. In addition; it was reported that
CD123 positive myeloblasts displayed a constitutive activation of NF-kB
[26].

The poor outcome of CD25+ AML patients has been attributed to
the chemo-resistant properties of the CD25+ positive myeloblasts,
which was reflected on both induction failure [27] and relapse [9,15].
This finding was explained by Gönen, et al. [6] who stated there is
positive correlation between CD25 positive expression and presence of
internal tandem duplications in FLT3 (FLT3-ITD), DNMT3A, and NPM1
mutations. Moreover; the studies done on gene expression analysis re-
vealed that CD25+ positive expression is correlated with leukemia
stem cell signatures [6]. The high frequency of relapse in AML patients
was attributed to LSCs which are resistant to chemotherapy. This was
attributed to that LSCs express drug efflux proteins which is the sug-
gested cause of multidrug resistance. In addition, many stem cell
characteristics including quiescence are determined by interactions
with the niche [27,28]. The limitation of this study is the small AML
patients’ sample. Repeating this study on large cohort cytogenetically
normal AML patients is recommended to validate this study.

6. Conclusions

CD25+/CD123+ co-expression in CN-AML patients define a sub-
group of patients with adverse clinical outcome. detection of CD25/
CD123 expression in CN-AML patents at diagnosis could be included in
risk stratification. There is strong association between CD25/CD123 co-
expression and FLT3 mutations.

Fig. 1. Impact of CD25/CD123 expressions pattern on the overall survival of CN-AML patients. CN-AML patients showed CD25+/CD123+ co-expression had the
shortest OS; followed by C25-/CD123+, then CD25+/CD123- and longer one is present in CD25-/CD123- and the differences is statistically significant (P=0.001).
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