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Acute myeloid leukemia (AML) is a clonal disorder of immature 
blast cells that originates from leukemic stem cells (LSCs). These 
LSCs are responsible for disease initiation and propagation, and ex-
hibit chemotherapy resistance. Thus, eradication of LSCs is essen-
tial for preventing relapse and prolonging patient survival [1]. Cell 
surface markers, CD25 and CD123 are well-established LSC mark-
ers and the expression of each marker is described as an excellent 
predictor of unfavorable outcome of AML [2,3] However, as the 
distribution of the expression of CD25 and CD123 within the LSC 
population appreciably differ from each other, there appears to be 
a gap of prognostic value between these two markers. Although the 
combined effect of their expression on clinical outcome has been 
evaluated [4], little data are available regarding a difference in the 
prognostic effect between them in patients with AML. Analysis of 
this issue will provide an important information for the develop-
ment of LSC targeted therapeutic strategies against AML.

We analyzed the expression of CD25 and CD123 in 248 adult pa-
tients (age range 15-88, mean 52.0 ± 16.9) with previously un-
treated and de novo AML who were examined for the immuno-
phenotyping by flow cytometry at Mie University Hospital during 
1985-2020, and determined their clinical significance. Using the 
French-American-British (FAB) classification, patients were classi-
fied as follows: 50 as M1, 89 as M2, 27 as M3, 54 as M4, 22 as M5, 4 
as M6, and 2 as M7. Induction chemotherapy was conducted in the 

form of an anthracycline-type drug combined with pyrimidine an-
tagonist, which is a standard regimen for AML in Japan. M3 patients 
receiving all-trans retinoic acid were excluded from our prognostic 
assessments.

The tested markers (> 15% was positive) were as follows: HLA-DR, 
CD7, CD13, CD14, CD33, CD34, CD25, and CD123. Since CD25 and 
CD123 are cytokine receptors, the expression level (sites/cell) was 
analyzed based on the mean fluorescence intensity (MFI) obtained 
using flow cytometry. Ab binding capacities (sites/cell) were cal-
culated based on the MFI of test samples and the control, and cali-
bration curves were generated using DAKO QIFIKIT and TallyCAL 
software packages, as previously described [5]. Samples with < 200 
binding sites/cell were judged as undetectable in this study. As a 
molecular marker, internal tandem duplications in FLT3 (FLT3-ITD) 
was analyzed using the TaKaRa PCR FLT3-ITD Mutation Set [6,7]. 
Patients were divided into three risk groups of favorable, interme-
diate, and adverse for cytogenetic abnormalities according to the 
revised Medical Research Council prognostic classification [8].

The mean expression level of CD25 was 488 sites/cell with the 
maximum level of 10,397 sites/cell, and those of CD123 was 861 
sites/cell with the maximum level of 15,243 sites/cell. It has been 
reported that CD123 was expressed in the majority of AML patients 
and the patients exhibiting elevated levels of CD123 correlated with 
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adverse prognosis [3]. Here, we divided the patients expressing 
CD123 at levels below or above 1,000 were classified as low or high 
expressers. We also classified the patients expressing CD25 into its 
low and high expressers in the same way. CD123high was detected 

As for a relation of these LSC markers with cellular features, CD25high 
patients more frequently showed M1 subtype and CD7 expression 
than CD25low patients. Karyotypically, both CD25low and CD123low 
patients were more apt to have favorable karyotypes compared to 
their high patients, respectively. On the other hand, both CD25high 
and CD123high patients tended to display intermediate karyotypes 
than their low patients, respectively. Unexpectedly, adverse kary-
otypes were more frequently observed in CD123low patients than 
in CD123high patients. Genetic analyses have identified several mo-
lecular markers with prognostic value in patients with AML [9]. 
FLT3-ITD has been demonstrated by many studies to be the most 
important negative indicator [10]. Previous studies doing by Pol-
lyea DA, et al [1] and Rollins-Raval M, et al [11] suggest a correlation 
of FLT3-ITD with the expression of CD25 and CD123. In this study, 
however, the presence of FLT3-ITD was not significantly associated 

with both CD25high and CD123high patients. Although these data may 
indicate ethnic difference, additional studies are needed because 
the number of cases we analyzed was small.

As regards clinical significance of these LSC markers, we found 
some interesting findings that give the perspectives regarding this 
observation. As previously described [2,5], CD25high patients obvi-
ously showed shorter overall survival (OS) than CD25low patients 
(Figure 1A, p = 0.006). CD123high patients had also worse OS com-
pared to CD123low patients (Figure 1B, p = 0.049) [3]. Given the high 
concordance of CD25high and CD123high patients, and these clinical 
results, we tried to investigate the prognostic relevance of CD25 
status in high and low expressers of CD123 in AML. In CD123high 
AML, CD25high patients had significantly poorer OS than CD25low pa-
tients (Figure 1C, p = 0.038). Namely, CD123high patients showing 

in 60/248 (24.2 %) patients, and CD25high was in 30/248 (12.1 %) 
patients, respectively (Table 1). CD123high patients significantly 
concorded with CD25high patients (p < 0.01).

Correlations between 2 categorical variables were evaluated by the Fisher exact test.

Table 1: Correlation between the cellular features and the expression levels of CD25 or CD123.
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unfavorable prognosis exclusively displayed the high expression 
levels of CD25. Furthermore, OS in CD25low AML indicated that there 
was no statistically significant difference between CD123high and 
CD123low patients (Figure 1D, p = 0.40), suggesting that low CD25 

expression levels outweigh the prognostic power of high CD123 
expression levels in AML. Therefore, the adverse prognostic impact 
of elevated CD123 levels appeared to be restricted to CD25high pa-
tients.

Figure 1: Kaplan-Meier curves of overall survival (OS) according to leukemic stem cell (LSC) markers CD25 and 
CD123. Survival differences were evaluated by the log-rank test. Statistical significance was defined as a p-value 

of less than 0.05. (A) CD25high patients had significantly poorer OS than CD25low patients (p = 0.006). (B) CD123high 
patients had significantly poorer OS than CD123low patients (p = 0.049). (C) In CD123high patients, CD25high patients 

had significantly shorter OS than CD25low patients (p = 0.038). (D) In CD25low patients, no significant difference in OS 
was observed between CD123high patients and CD123low patients (p = 0.40).

CD25 is the interleukin-2 receptor α-chain (IL-2Rα) and CD123 is 
the IL-3Rα. The IL-2R consists of three subunits, CD25, β-chain and 
common γ-chain (γc), and both β chain and γc are responsible for 
cytoplasmic IL-2 signal transduction. In AML, most cases express 
γc but lack β chain [5], whereas only 10–20 % cases express CD25 
[2,5]. Regardless of the presence of any IL-2R subunit, AML cells 

are generally unresponsive to IL-2 because of lacking functional 
IL-2R [2,5]. On the other hand, IL-3R consists of two subunits, 
CD123 and β-chain. Testa et al. [3] demonstrated that AML cells 
expressing elevated levels of CD123 responded to IL-3, and STAT5 
was subsequently activated at higher levels in these AML cells. 
STAT5 is the key transcription factor in IL-3 signaling, and CD25 
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is transcriptionally regulated by STAT5. Some investigators have 
described that IL-3 regulates the expression of CD25 on normal 
immature myeloid cells [12] or on IL-3 dependent bone marrow 
derived cell lines [13]. Accordingly, CD25 may be induced by STAT5 
that is activated by IL-3 in some AML cells expressing high levels of 
CD123. Since OS in AML has been shown to worsen as the CD25 lev-
els increased [5], highly induced CD25 by chance in CD123high pa-
tients seems to strongly affect the clinical prognosis of AML. Unlike 
CD123, CD25 expression was associated with unfavorable cellular 
features, M1 subtype and CD7 expression [14]. However, we think 
that the presence of CD25 molecule may predominantly play a key 
role in the dismal clinical outcome because aggressive biological 
functions of CD25 have been demonstrated in AML cells [15,16].

CD123 is adopted as a suitable and attractive target for AML ther-
apy, and a variety of CD123 targeting treatments have been devel-
oped and evaluated at clinical levels [17]. However, their therapeu-
tic efficacy is still unsatisfactory. We think that CD25 status can be 
considered as an important marker in the selection of patients for 
CD123 targeted therapies for the depletion of LSCs. In addition, 
treatment strategies including CD25-directed therapies may be 
also expected to improve the prognosis of this type of AML. 
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