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)is study aimed to determine the clinical impact of CD25+/CD123+ coexpression in adult B-cell acute lymphoblastic leukemia
(B-ALL) cases. One hundred and twenty newly diagnosed B-ALL patients (≤60 years old) were included in this study. CD123 and
CD25 expression on leukemic blast cells were assessed using flow cytometry. CD25+/CD123+ coexpression was detected in 40/120
B-ALL patients (33.3%). All B-ALL patients showed CD25+/CD123+ coexpression had lower induction of remission response and
shorter overall survival as compared to B-ALL cases lacking coexpression. In conclusion, CD25+/CD123+ positive coexpression is
a reliable flow cytometry marker for prediction of the outcome of adult B-ALL patients and could be used as a novel parameter for
risk stratification of adult B-ALL cases.

1. Introduction

Acute lymphoblastic leukemia (ALL) is a neoplastic disease
characterized by clonal expansion of leukemic cells in the
bone marrow (BM), lymph nodes, thymus, or spleen. It is a
heterogeneous disease characterized by multiple subtypes [1].

Treatment strategies of adult B-ALL patients are based
on various prognostic factors, including age and perfor-
mance status of the patient, as well as cytogenetic and
molecular characteristics of the leukemic clone [2–5].

Philadelphia positive (Ph+) B-ALL accounts for 3–5% in
children and 20–30% in adults, and the incidence increases
to about 50% in patients aged >50 years. Patients with Ph+
and Ph+-like molecular and cytogenetic signatures were
frequently associated with adverse prognosis before the era
of targeted treatment using a tyrosine kinase inhibitor (TKI)
in combination with conventional chemotherapy, which has
dramatically improved the outcome of this previously poor
prognostic group [6]. )e cytogenetic and molecular ab-
normalities are not present in all B-ALL cases [7].

Current research focuses on the detection of novel
prognostic markers that could predict the outcome of B-ALL

patients. Several studies have reported correlations of leu-
kemia-associated markers with cytogenetic findings and
clinical outcome in B-ALL patients. )ese include cluster of
differentiation (CD)-25 (CD25) and interleukin-3 receptor
alpha chain (IL-3Rα (CD123)) [6, 8, 9].

CD25 represents the α-chain of the interleukin-2 re-
ceptor (IL-2Rα), which is a low-affinity binding receptor.
)e IL-2 receptor is composed of different combinations of
three subunits (alpha, beta, and gamma chains) and is
normally expressed on activated T-cells. Upon binding its
ligand IL-2, the IL-2 receptor induces T-cell proliferation
and differentiation [10]. )e expression of CD25 by flow
cytometry (FC) has been described as a poor prognostic
factor in ALL, and it was suggested to be a valuable bio-
marker to identify a subset of patients with Ph+ who would
benefit from a TKI-based chemotherapy [6, 10].

CD123 is expressed in several hematologic neoplasms,
including B-cell ALL, but expressed at a low level or to be
absent on normal hematopoietic stem cells [8]. Importantly,
it has been reported that CD123-positive expression was
detected in leukemic stem cells and at more differentiated
leukemic blast cells [9, 11].
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)is study aimed to assess the pattern of CD25/CD123
expression and its clinical value in adult B-ALL patients.

2. Methods

One hundred and twenty newly diagnosed adult B-ALL
patients ≤60 years old before the start of therapy were in-
cluded in this study. All included patients gave informed
consent. Bone marrow and/or peripheral blood samples
were taken from the B-ALL patients at the time of diagnosis.
)e patients were subjected to morphologic examinations of
both the peripheral blood smear and bone marrow smear
(blast cells≥ 20%). Immunophenotyping evaluation was
done using the following combination of monoclonal an-
tibodies (MoAbs) panels for acute leukemia diagnosis and to
identify B-ALL subtypes: CD34.PE (CLONE 8G12 BD),
TDT.PE (CLONE E17-1519 BD), anti-MPO.FITC (CLONE
CLB-MPO-1 BC), CD45.APC (CLONE H130 BD),
CD79a.PE (CLONE HM47 BD), CD20.FITC (CLONE B9E9
BC), CD10.PE (CLONEH110a BD), CD19.APC(CLONE J3-
119 BC), CD22.PC 5.5 (clone SJ10. 1H11 BC), CD7.PE
(CLONE M-T701 BD), CD2.FITC (CLONE RPA-2. 10 BC),
CD3.PC 5.5 dye (clone UCHT1 BC), CD117.PE (clone
104D2D1 BC), CD33.PE (CLONEWM53BD BD), CD13.PE
(CLONE WM15 BD), CD14.PE (clone M5E2 BD), and
CD64.FITC (CLONE MA-251 BD PHARMAGEN). All
antibodies were purchased from BD Biosciences and
Beckman Coulter (BC). Samples were analyzed on a BD
FACS Canto™ flow cytometer. Autofluorescence, viability,
and isotype controls were included. Flow cytometric data
acquisition and analysis were conducted by BD Cell Quest™
Pro software.

)e cytogenetic evaluation was performed using FISH
techniques for detection of Philadelphia chromosome (BCR/
ABL fusion gene). )e patients were followed up for 24
months or until death. )e study has been approved by the
Mansoura Faculty of Medicine Local Ethics Committee and
that it conforms to the provisions of the Declaration of
Helsinki.

2.1. Flow Cytometric Determination of CD25/CD123 Cell
Antigen Expression. For CD25 and CD123 analysis, the
stain/lyse/wash technique was used. Briefly, in single tube,
10 μl of the CD25-PE MoAb (CLONE MA-251 BD
PHARMAGEN), 10 μl of CD123-FITC MoAb (CLONE 7G3
BD PHARMAGEN), and 10 μl of CD45 APC (CLONEH130
BD PHARMAGEN) were added to 100 μl of ethyl-
enediaminetetraacetic acid (EDTA) fresh bone marrow
samples, mixed well, and incubated for 15 minutes at room
temperature. )e cells were then washed twice with phos-
phate-buffered saline (PBS); 2ml lysing solution was added,
mixed, and left for 15 minutes in the dark, and then the cells
were washed twice with PBS. After the last wash, the cells
were suspended in 500 μl of PBS, and then analyzed using a
flow cytometer (FACSCanto flow cytometer with CellQuest
software; BectonDickinson) [12]. At least 10,000 events/tube
were measured.

)e blast gate was defined based on CD45 dim ex-
pression and side-scatter characteristics and calculated as a
percentage of total gated events. For analysis of CD123
expression, measurements included mean fluorescence in-
tensity (MFI) on leukemic blasts (adjusted for background
fluorescence using negative internal controls) and relative
mean fluorescence intensity (RFI) ratio (divide the MFI
values of defined leukemic blasts by nonleukemic events). In
patients’ samples, CD25 or CD123 was defined as a positive
expression if ≥20% of leukemic blasts using MFI in excess of
the background fluorescence in the negative controls
(nonleukemic gated events) [13].

2.2. Statistical Analysis. Patient data were compared by the
use of the Fisher exact test if they were categorical (quali-
tative data, presented as number and percent) and the
Wilcoxon rank-sum tests if they were continuous (quanti-
tative data, presented as mean± SD).

Overall survival (OS) was defined as the time from
randomization to death from any cause. OS probabilities
were estimated by the use of the Kaplan–Meier method, and
statistical significance of associations was assessed with the
log-rank test.

Antigen expression data are described by the use of
descriptive statistics of observed values. )e percentages of
antigen-expressing blast cells for CD25/CD123 were con-
sidered continuous variables and compared with the non-
parametric Wilcoxon rank-sum test.

3. Results

)e patterns of CD25 and CD123 expression in B-ALL cases
are presented in Table 1. Positive expression was considered
at cutoff ≥ 20%. )e B-ALL patients who showed CD25+/
CD123+ expression was categorized as group 1, while those
who showed single-positive expression (CD25+/CD123− or
CD25−/CD123+) and double-negative expression (CD25−/
CD123−) were categorized as group 2. CD25+/CD123+
coexpression was detected in 40/120 (33.3%) B-ALL cases.
Single-positive (CD25+/C123− and CD25−/CD123+) ex-
pression was detected in 25/120 (20.8%) and 20/120(16.7%),
respectively. Double-negative (CD25−/CD123−) expression
was detected in 25/120 (20.8%) B-ALL cases.

)e impact of CD25/CD123 expression pattern on
B-ALL patient’s characteristics is shown in Table 2. )e
pattern of expression was categorized into 2 groups. Group 1
included cases which showed CD25+/CD123+ coexpression,
while group 2 included cases which showed CD25−/CD123−

plus CD25+CD123− and CD25-/CD123+ expressions. Group
1 (CD25+/CD123+) has higher incidence of CNS infiltration

Table 1: )e pattern of CD25 and CD123 expression in adult B-
ALL cases.

Adult B-ALL (n� 120)
CD25+/CD123+ (double positive) 40/120 (33.3%)
CD25+/CD123− (single positive) 25/120 (20.8%)
CD25−/CD123+ (single positive) 20/120 (16.7%)
CD25−/CD123− (double negative) 25/120 (20.8)
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and lymphadenopathy, lower rate of induction remission
response, and a higher number of Ph+, but lower concen-
tration levels of serum LDH as compared to group 2 (single
positive and double negative for CD25/CD123) (p � �0.01;
0.05; <0.001; <0.01, respectively). )e remaining parameters
did not significantly differ in the 2 groups (P> 0.05).

Using the FISH technique, the Philadelphia chromo-
some was detected as positive in 36 out of 120 (30%) B-ALL
patients. Most of the B-ALL patients (36/40; 90%) who
showed CD25+/CD123+ coexpression were Philadelphia
chromosome positive (Table 3).

)e effect of CD25/CD123 expression on the B-ALL
patient overall survival (OS) revealed that adult B-ALL
patients who showed CD25+/CD123+ coexpression (double-
positive) had significantly shorter OS as compared to the
negative ones (single positive and double negative) (Table 4).
Survival analysis studies using the Kaplan–Meier curve
revealed that B-ALL patients who showed CD25+/CD123+
coexpression had shorter OS as compared to the negative
ones (p< 0.01) (Figure 1).

4. Discussion

In recent years, emerging research has found that CD123
and CD25 are highly expressed on the surface of various
leukemic blasts cells and may contribute to the proliferative
advantage of leukemic cells. As a novel biological marker, it
has an attractive prospect in the diagnosis, targeted therapy,
and evaluation of prognosis of many diseases [14].

In the current study, CD25+/CD123+ coexpression was
detected in 33.3% (40 out of 120) of the investigated B-ALL
patients. To the best of our knowledge, no previous study has
reported the CD25+/CD123+ coexpression in such a cohort
of patients.

CD25+ expression was detected in 53.8% (33.3% in the
double-positive group and 20.5% in the single-positive
group). )is figure is higher than that detected by Nakase
et al. [10] (25%), Jaso et al. [15] (30%), and Owaidah et al.
[16] (32%). )is disagreement could be attributed to the

higher cutoff value (30%) considered by previous studies to
confirm CD25+ expression.

CD123+expression was found in 50% of the studied
B-ALL patients (33.3% in the double-positive CD25+/
CD123+ group plus 16.7% in the single-positive CD25−/
CD123+ group). )is figure is lower than that reported by
Angelova et al. [8] (164/183 (89.6%)); Djokic et al. [17]
detected 31% strong expression, 61% moderate expression,
and 8% negative, and Bras et al. [18] who detected CD123+
expression in 85% of B-cell precursor (BCP) ALL cases (224/
262). )ese controversies could be explained on the basis of
the difference in the cutoff value used for detection of the
CD123+ expression in different studies.

In the current study, Ph+ was detected in 30% (36/120) of
B-ALL cases. )is finding is nearly similar to that reported
by Gadhia et al. [19] (33.3%) and higher than that reported
by Obadiah et al. [16] (17.5% (18/103)).

In the present study, the median serum LDH levels were
significantly higher in patients lacking CD25+/CD123+
coexpression as compared to those who showed CD25+ or
CD123+ single expression. )is finding could be explained
on the basis that B-ALL patients group lacking CD25+/
CD123+ coexpression has higher median blast cells counts as
compared to those with CD25+/CD123+ positive coex-
pression. A previous report stated that increased values of
serum LDH directly reflect the tumor mass in patients with
ALL [20].

In order to assess the prognostic relevance of CD25+/
CD123+ coexpression, we have correlated this expression
with a well-known prognostic factor which is the Phila-
delphia chromosome. We found strong association between
CD25+/CD123+ positive coexpression and Ph+ patients
(p< 0.01). All Ph+ patients showed CD25+/CD123+ coex-
pression. In parallel with our finding,Angelova et al. [8]
reported that CD123 expression was more prevalent in Ph+
patients than in Ph−patients (96.6% versus 86.3%;
p � 0.033).

BCR/ABL was detected in 36 out of 120 (30%) B-ALL
cases. )is finding is slightly higher than that detected

Table 2: Characteristics of CD25+/CD123+ double positive in adult B-ALL cases in comparison with CD25/CD123 single positive and
double negative.

Parameters CD25+/CD123+ coexpression
Adult B-ALL cases (group 1) (n� 40)

CD25 or CD123
Single positive or double negative (group 2)

Adult B-ALL cases (n� 80)
p value

Age median (range) 42 (16–64) 44 (17–59) >0.05
Male sex, n (%) 9 (45%) 21 (52.5%) >0.05
Hb g/dl median (range) 9.2 (4.1–12.0) 9.0 (3.9–12.8) >0.05
WBCs× 109/L median (range) 34.2 (2.2–123.0) 31.0 (1.4–140) >0.05
Platelets× 109/L median (range) 53.0 (4.0–76.0) 50.0 (4.0–74.0) >0.05
Blood blasts % median (range) 48 (0–96) 52 (0–98%) >0.05
BM blasts % median (range) 88 (44–99) 90 (42–100) >0.05
Serum LDH IU/L median (range) 1012 (420–21800) 1230 (288–11012) 0.001
CNS infiltration, n (%) 10 (30%) 4 (5%) 0.01
Lymphadenopathy, n (%) 6 (15%) 10 (12.5%) 0.05
Hepatomegaly, n (%) 2 (5%) 6 (7.5%) >0.05
Splenomegaly, n (%) 8 (20%) 14 (17.5%) >0.05
Induction of remission response, n (%) 20 (50%) 72 (90%) <0.001
Cytogenetic BCR-ABL (positive) 36/40 0/80 <0.01
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previously which was 22% [10, 15]. Moreover, in these two
previous studies, they found an association between CD25
expression and Ph+ in adult B-ALL cases. Likewise, Owaidah
et al. [16] and Gaikwad et al. [21] found that all BCR/ABL-
positive cases were positive for surface CD25. Furthermore,
Chen et al. [6] reported that CD25 expression (using 15% as
a cutoff) in B-ALL predicts Ph+ (80% sensitivity, 86%
specificity, 37% positive predictive value, and 97% negative
predictive value). Lastly, Gönen et al. [22] reported that
CD25+ expression is an independent predictor of the out-
come of acute myeloid leukemia patients.

B-ALL patients with CD25+/CD123+ coexpression
showed lower induction of remission rate and shorter overall
survival as compared to negative ones.)ese results could be

explained on the basis that overexpression of CD123 defines
a subset of blast cells which are resistant to chemotherapy
and seems associated with high relapse rate [14, 23].

In conclusion, positive CD25+/CD123+ positive coex-
pression defines a subset of B-ALL patients with poor
outcome and could be helpful to refine the risk stratification
of B-ALL cases at diagnosis.

Data Availability

)e data used to support the findings of this study are
available and may be released upon application to the
corresponding author.

Conflicts of Interest

)e authors declare that there are no conflicts of interest.

References

[1] S. Faderl, S. Jeha, and H. M. Kantarjian, “)e biology and
therapy of adult acute lymphoblastic leukemia,” Cancer,
vol. 98, no. 7, pp. 1337–1354, 2003.

[2] K. G. Roberts, Z. Gu, D. Payne-Turner et al., “High frequency
and poor outcome of Philadelphia chromosome-like acute
lymphoblastic leukemia in adults,” Journal of Clinical On-
cology, vol. 35, no. 4, pp. 394–401, 2017.

[3] N. Jain, K. G. Roberts, E. Jabbour et al., “Ph-like acute
lymphoblastic leukemia: a high-risk subtype in adults,” Blood,
vol. 129, no. 5, pp. 572–581, 2017.

[4] K. G. Roberts, Y. Li, D. Payne-Turner et al., “Targetable ki-
nase-activating lesions in Ph-like acute lymphoblastic leu-
kemia,” New England Journal of Medicine, vol. 371, no. 11,
pp. 1005–1015, 2014.

[5] R. El Fakih, E. Jabbour, F. Ravandi et al., “Current paradigms
in the management of Philadelphia chromosome positive
acute lymphoblastic leukemia in adults,” American Journal of
Hematology, vol. 93, no. 2, pp. 286–295, 2018.

[6] P. Chen, A. Chu, H. Zia et al., “CD25 expression in B lym-
phoblastic leukemia/lymphoma predicts t(9;22)(q34;q11)/
philadelphia chromosome translocation (Ph) and is associated
with residual disease in Ph-negative patients,” American
Journal of Clinical Pathology, vol. 146, no. 5, pp. 632–638, 2016.

Table 3: Association between CD25+/CD123+ coexpression and Philadelphia (Ph+) (BCR/ABL) in adult B-ALL cases.

B-ALL cases (n� 120) Ph+ B-ALL cases (n� 36) Ph− B-ALL cases (n� 84) p value
CD25+/CD123+ coexpression
B-ALL cases (group 1) (n� 40) 36 4

<0.01CD25 or CD123
Single positive or double negative
Adult B-ALL cases (group 2) (n� 80)

0 80

Table 4: Impact of CD25+/CD123+ coexpression on the outcome of adult B-ALL cases.

B-ALL cases (n� 120) CD25+/CD123+ coexpression
B-ALL cases (n� 40)

CD25 or CD123
Single positive or double negative

Adult B-ALL cases (n� 80)
p value

Survivors 18 72 <0.01Deaths 22 8

p = 0.023

Cu
m

 su
rv

iv
al

Survival time (months)

1.0

0.8

0.6

0.4

0.2

0.0

50 10 15 20 25

CD25/CD125 positive
CD25/CD125 negative

Figure 1: Survival curve for adult B-ALL CD25+/CD123+ (double-
positive) cases vs those with CD25 or CD123 (single-positive) or
CD25−/CD123− (double-negative) ones.

4 Advances in Hematology



[7] Z. T. Chebihi, A. Belkhayat, E. Chadli et al., “Cytogenetic
profile of Moroccan pediatric acute lymphoblastic leukemia:
analysis of 155 cases with a review of the literature,” Clinical
Lymphoma Myeloma and Leukemia, vol. 18, no. 6, pp. e241–
e248, 2018.

[8] E. Angelova, C. Audette, Y. Kovtun et al., “CD123 expression
patterns and selective targeting with a CD123-targeted an-
tibody-drug conjugate (IMGN632) in acute lymphoblastic
leukemia,” Haematologica, vol. 104, no. 4, pp. 749–755, 2019.

[9] U. Testa, E. Pelosi, and G. Castelli, “CD123 as a therapeutic
target in the treatment of hematological malignancies,”
Cancers, vol. 11, no. 9, p. 1358, 2019.

[10] K. Nakase, K. Kita, H. Miwa et al., “Clinical and prognostic
significance of cytokine receptor expression in adult acute
lymphoblastic leukemia: interleukin-2 receptor α-chain predicts
a poor prognosis,” Leukemia, vol. 21, no. 2, pp. 326–332, 2007.

[11] M. Ruella, D. M. Barrett, S. S. Kenderian et al., “Dual CD19
and CD123 targeting prevents antigen-loss relapses after
CD19-directed immunotherapies,” Journal of Clinical Inves-
tigation, vol. 126, no. 10, pp. 3814–3826, 2016.

[12] M. D. Tabernero, A. M. Bortoluci, I. Alaejos et al., “Adult
precursor B-ALL with BCR/ABL gene rearrangements dis-
plays a unique immunophenotype based on the pattern of
CD10, CD34, CD13 and CD38 expression,” Leukemia, vol. 15,
p. 40614, 2001.

[13] C. Udomsakdi-Auewarakul, O. Promsuwicha,
C. Tocharoentanaphol, C. Munhketvit, K. Pattanapanyasat,
and S. Issaragrisil, “Immunophenotypes and outcome of
Philadelphia chromosome-positive and -negative )ai adult
acute lymphoblastic leukemia,” International Journal of He-
matology, vol. 78, no. 4, pp. 337–343, 2003.

[14] K. Liu, M. Zhu, Y. Huang, S. Wei, J. Xie, and Y. Xiao, “CD123
and its potential clinical application in leukemias,” Life Sci-
ences, vol. 122, pp. 59–64, 2015.

[15] J. Jaso, D. A. )omas, K. Cunningham et al., “Prognostic
significance of immunophenotypic and karyotypic features of
Philadelphia positive B-lymphoblastic leukemia in the era of
tyrosine kinase inhibitors,” Cancer, vol. 117, no. 17,
pp. 4009–4017, 2011.

[16] T. M. Owaidah, F. I. Rawas, M. F. Al Khayatt, and
N. B. Elkum, “Expression of CD66c and CD25 in acute
lymphoblastic leukemia as a predictor of the presence of BCR/
ABL rearrangement,” Hematology/Oncology and Stem Cell
4erapy, vol. 1, no. 1, pp. 34–37, 2008.

[17] M. Djokic, E. Bjorklund, E. Blennow, J. Mazur, S. Soderhall,
and A. Porwit, “Overexpression of CD123 correlates with the
hyperdiploid genotype in acute lymphoblastic leukemia,”
Haematologica, vol. 94, no. 7, pp. 1016–1019, 2009.

[18] A. E. Bras, V. Haas, A. Stigt et al., “CD123 expression levels in
846 acute leukemia patients based on standardized immu-
nophenotyping,” Cytometry Part B: Clinical Cytometry,
vol. 96, no. 2, pp. 134–142, 2019.

[19] P. Gadhia, N. Parek, P. Chavda, G. Bhatia, and S. Vaniawala,
“Cytogenetic findings of patients with acute lymphoblastic
leukemia in west Indian region,” International Journal of
Advanced Research, vol. 6, no. 2, pp. 2320–2407, 2018.

[20] R. Mani, S. Murthy, and K. Jamil, “Role of serum lactate
dehydrogenase as a bio-marker in therapy related hemato-
logical malignancies,” International Journal of Cancer Re-
search, vol. 2, no. 4, pp. 383–389, 2006.

[21] A. S. Gaikwad, R. E. Donohue, M. T. Elghetany et al., “Ex-
pression of CD25 is a specific and relatively sensitive marker
for the Philadelphia chromosome (BCR-ABL1) translocation
in pediatric B acute lymphoblastic leukemia,” International

Journal of Clinical and Experimental Pathology, vol. 7, no. 7,
pp. 6225–6230, 2014.

[22] M. Gönen, Z. Sun, M. E. Figueroa et al., “CD25 expression
status improves prognostic risk classification in AML inde-
pendent of established biomarkers: ECOG phase 3 trial,
E1900,” Blood, vol. 120, no. 11, pp. 2297–2306, 2012.

[23] L. Mekkaoui, C. Rassart, L. Rozen et al., “Use of CD 123
expression on blasts from AML, ALL and RAEB as minimal
residual disease marker,” Blood, vol. 126, no. 23, p. 5402, 2015.

Advances in Hematology 5


