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Interleukin-3 receptor α chain (CD123) is preferentially
expressed in immature T-ALL and may not associate
with outcomes of chemotherapy
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Abstract Interleukin-3 (IL-3) receptor α chain (CD123)
plays an essential role in regulating the proliferation of
hematopoietic stem cells. In the hematopoietic malignan-
cies, CD123 expression has been found in acute myeloid
leukemia (AML), B-precursor acute lymphoblastic leuke-
mia (B-ALL), as well as dendritic cell malignancies.
However, whether CD123 is also expressed in T-acute
lymphoblastic leukemia (T-ALL) remains unknown.
Using multi-parameter flow cytometry, we analyzed
CD123 expression in 160 consecutive diagnostic T-ALL
patients, including 88 pediatric T-ALL cases and 72 adult
T-ALL cases. The minimal residual disease (MRD) was
detected after one course of induction therapy to evaluate
the treatment effects. CD123 expression was detected in
24 out of 88 (27 %) pediatric T-ALLs and 30 out of 72
(42 %) adult T-ALLs. Further analysis revealed that
CD123 expression is associated with the maturation stage
of T-ALLs. The frequencies of CD123-positive cases de-
creased from 83 to 40 % and 21 % in early T-precursor
ALLs, T-precursor ALLs, and mature T-ALLs, respective-
ly. Interestingly, we detected the CD4+CD8+ double-
positive leukemic cells in 22 immature and 34 mature T-
ALL patients. Of note, only 4 % of these patients
expressed CD123. In addition, we found that 79 % of
CD33+ and 64 % of CD117+ immature T-ALL patients
also expressed CD123. However, CD123 expression did

not predict the outcomes of the first course of induction
therapy in T-ALL patients. In conclusion, we found that
CD123 is preferentially expressed in immature T-ALL.
Moreover, CD123 expression is strongly associated with
cross-lineage expression of myeloid markers in early T-
precursor ALL.
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Introduction

Acute leukemia is characterized by the accumulation of
undifferentiated cells in marrow, blood, and other tissues,
due to the arrest of cell maturation [1]. The growth factors
and cytokines play important roles in regulating the he-
matopoiesis via modulating cell survival, proliferation,
differentiation, and functional activation [2]. In hemato-
poietic cells, interleukin-3 (IL-3) stimulates cell cycle pro-
gression, promotes differentiation, and inhibits cell apo-
ptosis [3]. CD123, an interleukin-3 receptor, has been
well described on hematopoietic stem cells in which it
plays an important role in cellular proliferation [4]. It
has been well documented that CD123 is expressed in
acute myeloid leukemia (AML), B-precursor acute lym-
phoblastic leukemia (B-ALL), and dendritic cell malig-
nancies but rarely expressed in mature B cell disorders
[5–7]. However, expression of CD123 in T-acute lympho-
blastic leukemia (T-ALL) remains controversial [2, 6, 8].
Using multi-parameter flow cytometry, we analyzed the
expression of CD123 in different stages of T-ALL and
investigated the correlations between CD123 expression
and outcome of the first course of induction therapy.
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Materials and methods

Patients and samples

From our flow cytometry (FC) database, we collected a total
of 160 consecutive diagnostic samples including 88 newly
diagnosed childhood T-ALLs (mean age 10 years, range 0–
16) and 72 newly diagnosed adult T-ALLs (mean age 35 years,
range 18–63) from August 2011 to February 2013 in the Stem
Cell Center of Wuhan Union Hospital, in which CD123 was
done as part of a routine FC panel. The diagnosis of T-ALL
was based on morphologic features, immunophenotype, clin-
ical history, cytogenetics, and molecular diagnostic testing
according to the World Health Organization (WHO) 2008
criteria [8], and the immunophenotype was classified accord-
ing to the European Group for the Immunological
Characterization of Leukemias (EGIL) [9].

FC immunophenotyping

Fluorescein isothiocyanate (FITC), phycoerythrin (PE),
p e r i d i n i n c h l o r o p h y l l - p r o t e i n ( P e r - C P ) , o r
allophycocyanin (APC) conjugated monoclonal antibodies
(Abs) were used in this study, including CD45, CD2,
CD3, CD4, CD5, CD7, CD8, CD10, CD13, CD15,
CD33, CD34, CD38, CD56, CD117, cCD3, TdT, HLA-
DR, and isotype control IgGs. The reagents were provided
by Becton-Dickinson Bioscience in the USA. As we de-
scribed previously [10], 100 μl (about 106 cells/ml) well-
mixed, EDTA anticoagulated BM or PB samples were
incubated at room temperature with Abs (see earlier)
which had to be fit together according to the protocol,
and then lysed with 1× BD FACS lysing solution. After
that, specimens were washed with 2 ml phosphate-buff-
ered saline (PBS) twice and then resuspended in 100 μl
PBS for acquiring. From each tube, we acquired at least
104 cells per tube using a FACSCaliburTM flow cytometer
(BD Biosciences, San Jose, CA) with CellQuest Pro
Software (BD Biosciences). Data were analyzed with
Paint-A-Gate Software (BD Biosciences).

For analysis, cell populations were gated by
CD45/SSC gating, in conjunction with antigen back-gat-
ing. Expression of related antigens was determined by
gating on the abnormal cells. We regarded no less than
20 % of cell expression in a tube as positive expression,
unless TdT and cCD3 (10 %). The sensitivity of mini-
mal residual disease (MRD) is 0.01 % (abnormal cells
were no less than 1×10−4).

Statistical method

Comparisons of categorical variables were performed
with chi-squared test and Fisher’s exact test. All

reported p values are two tailed and are considered sta-
tistically significant if p<0.05. All statistical calculations
were performed using the SPSS 18.0 (SPSS Inc.,
Chicago, IL, USA) software.

Result

CD123 expression in different immunophenotypes of T-ALL

One hundred sixty newly diagnostic T-ALL patients were
collected in our study, and the clinical characteristics are
presented in Table 1. The CD123 expression was detected
in 54 out of 160 (34 %) patients. We compared the ex-
pression of CD123 in pediatric T-ALL and adult T-ALL
patients at first. While 42 % (30/72) of the adult T-ALL
patients were CD123 positive, only 27 % (24/88) of the
pediatric T-ALL patients expressed CD123. To further de-
fine the relation of CD123 expression with the subtypes
of T-ALLs, patients were classified into early T-precursor
ALL (CD7+), T-precursor ALL (CD2+ and/or CD5+ and/
or CD8+), and mature T-ALL (CD3+), according to EGIL
suggestions [8]. As shown in Table 2, 69 % of the
CD123-positive cases were found in immature T-ALL pa-
tients. More specifically, CD123 expression was detected
in 80 % of early T-precursor ALL patients, 40 % of T-
precursor ALL patients, and 21 % of mature T-ALL pa-
tients, respectively (p<0.05).

CD123 expression is rare in CD4 and CD8 double-positive
T-ALL cases

During the T cell maturation, the double-negative (CD4
−CD8−) precursors initially give rise to double-positive
(CD4+CD8+) thymocytes, which eventually mature to
single-positive CD4+CD8− regulatory T cells or CD4
−CD8+ cytotoxic T cells [11]. The patients with CD4+
CD8+ leukemic cells may represent an intermediate type

Table 1 Characteristics of the 160 newly diagnostic T-ALL patients

T-ALL CD123+
(cases)

CD123−
(cases)

Age 0–16 years 26 64

18–63 years 28 42

Sex Male 35 85

Female 19 21

White blood cell count High 30 41

Low 24 65

Lymphadenectasis 20 35
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between immature and mature T-ALLs. We evaluated
CD4 and CD8 expression in all 160 cases. The double-
positive (CD4+CD8+) populations were detected in 56
(35 %) patients. Interestingly, the double-positive leuke-
mic T cells were found in both CD3− T-ALLs (22/56) and
CD3+ T-ALLs (34/56), suggesting CD3 expression statue
alone might not be sufficient to distinguish immature and
mature T-ALLs. Of note, CD123 expression was detected
in only two cases among these patients (CD4+CD8+),
suggesting that CD123 is expressed rarely in CD4+
CD8+ T-ALLs when compared with CD4− and/or CD8−
T-ALLs (p<0.05).

CD123 was preferentially expressed
among CD33/CD117-positive precursor-T-ALL

The expression of four common myeloid markers (CD13,
CD15, CD33, and CD117) was examined in all 160 T-
ALL patients. CD33 expression was detected in 47 pa-
tients, including 34 immature T-ALLs and 13 mature T-
ALLs. Strikingly, in immature T-ALLs, 27 out of 34
(79 %) CD33-positive patients also expressed CD123,
while only 4 out of 46 (8 %) CD33-negative cases were
positive for CD123 (p<0.05). Our data suggest a signifi-
cant association between CD123 and CD33 expression in
immature T-ALL patients. In contrast, this association was
not observed in mature T-ALL patients. CD117 expres-
sion was detected in 33 patients, including 25 immature
T-ALLs and 8 mature T-ALLs. A significant correlation
between CD123 expression and CD117 expression has
also been observed in immature T-ALLs (Table 3)
(p<0.05). CD13- and CD15-positive blast cells were de-
tected in 21 and 23 patients, respectively. However, no
significant correlation was observed among the expression
of CD13, CD15, and CD123 in all patient groups (data
not shown).

CD123 expression is not associated with induction treatment
response

Co-expression of CD117 and CD123 in AML has been
linked to increased resistance to apoptosis and poor prog-
nosis [12]. So we evaluated whether CD123 expression is
correlated with outcome of the first course of induction
therapy in T-ALL. The minimal residual diseases (MRD)
were evaluated for all 160 patients after one course of
induction by flow cytometer (Table 4). We regarded the
abnormal cells ≥0.01 % (1×10−4) of nucleated cells as
MRD positive. In 12 early T-precursor ALLs, all 7 pedi-
atric patients were MRD negative. Two out of 5 adult
patients (1 CD123-positive case and 1 CD123-negative
case) were MRD positive. MRD can be detected in 3
adult CD123+ cases (3/27, 11 %), 4 pediatric, and 1 adult
CD123− cases (5/41, 12 %) after induction in the group of
68 T-precursor ALL patients. In the group of 80 mature T-
ALL patients, only 7 pediatric patients under the age of
15 years were MRD positive, including 2 CD123+ cases
(2/17, 12 %) and 5 CD123− cases (5/63, 8 %). The p-
values were all above 0.05 which indicated that there was
no statistically significant difference. Overall, our data
indicated that CD123 expression did not associate with
outcome of the first course of induction treatment in T-
ALL patients.

Discussion

CD123 expression has been found in approximately 80 %
of AMLs and 92 % of precursor-B ALLs [6]. Several
studies with small sample sizes reported that CD123 is
rarely expressed in T-ALLs [2, 5, 6]. In contrast to these
studies, we found a significant proportion of Chinese T-
ALL patients that express CD123. Here, we found that
CD123 was expressed less frequently in pediatric than in
adult patients in 160 consecutive diagnostic T-ALL sam-
ples. Furthermore, using differentiation antigens CD7,
CD2/CD5/CD8, and CD3 which represent lymphocytes
arrested at various stages, we showed that CD123 expres-
sion was more common in early T-precursor ALL either in
adults or children which is consistent with the previous
study reported by Lhermitte et al. [13]. It is well known
that CD123 as an α subunit of a heterodimer IL-3 recep-
tor plays an important role in regulating cellular prolifer-
ation [14]. Analogous to the situation in AML, it has been
reported that CD123 may provide a proliferative advan-
tage to leukemic blasts [5]. However, the mechanism of
CD123 overexpression in early precursor-T-ALL remains
unclear.

In T cell maturation stage, pro-T cells that co-express
CD4 and CD8 can be detected in a very short time before

Table 2 CD123 expression in T-ALL subtypes classified according to
EGIL

CD123 positive

Pediatric Adult Total

Early T-precursor ALL
(CD7+)

6/7 (86 %)* 4/5 (80 %)* 10/12 (83 %)*

T-precursor ALL
(CD2+ and/or CD5+
and/or CD8+)

12/39 (30 %) 15/29 (52 %) 27/68 (40 %)

Mature T-ALL (CD3+) 6/42 (14 %) 11/38 (29 %) 17/80 (21 %)

The 160 T-ALL patients included 12 cases of early T-precursor ALL, 68
cases of T-precursor ALL, and 80 cases of mature T-ALL. All values of
positive expression are presented as positive/studied cases

*p<0.05
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maturation in the thymic cortex. Leukemia blasts with CD4
and CD8 double-positive immunophenotype were consid-
ered as cells blocked in a relatively early stage during mat-
uration. However, in our current results, we found that only
4 % of CD4 and CD8 co-expression leukemic cells
expressed CD123 in T-ALL patients, which seems not con-
sistent with the results that CD123 is preferentially
expressed in immature T-ALL. It is well recognized that
the process of T cell maturation takes place first in the bone
marrow, then in the thymus. T-lineage surface markers
CD7 together with CD2 and CD5 can be detected in bone
marrow, and then CD4 with CD8 co-expressed on T cells
after migrating to the thymic cortex before maturation [9].
We think that the leukemic cells with CD4 and CD8
double-positive immunophenotype may represent an inter-
mediate type between immature and mature T-ALLs.
Leukemia blasts with corticothymocyte immunophenotype
may indicate that this type of T-ALL might originate in the
thymus before disseminating back to the bone marrow. A
possible explanation is that the bone marrow microenvi-
ronment induces CD123 expression in the T-ALL which
originates in the bone marrow. Nevertheless, further anal-
ysis is necessary to understand the mechanism.

A previous study reported that cross-lineage expression of
CD117 and CD123 in AML has been linked to increased
resistance to apoptosis and poor prognosis. In our study,
CD123 expression is strongly associated with cross-lineage
expression of myeloid markers in early T-precursor ALL. It

seems reasonable to speculate that CD123 expression may
indicate poor treatment outcome in T-ALLs. Interestingly,
there is no significant difference of MRD detection rate be-
tween the CD123-positive and CD123-negative groups in our
160 Chinese T-ALL patients after the first course of induction
therapy by using flow cytometric detection. It was well known
that flow cytometric detection of MRD can be reliably used to
assess early response to treatment and predict relapse [12].
Patients with more MRD have a greater risk of relapse than
those with less MRD. The rapidity with which leukemia cells
are eliminated after induction of treatment and the level of
residual disease at the end of induction have an effect on
long-term prognosis. In addition, prospective studies in large
series of patients have demonstrated a strong correlation be-
tween MRD levels during clinical remission and treatment
outcome. Considering this, we think that CD123 expression
did not predict the outcomes of induction therapy in our study.
One potential explanation for the inconsistent results might be
that the disease we studied is T-ALL, not AML. Several stud-
ies including more than 9000 pediatric patients with ALL
have failed to demonstrate an association between myeloid-
antigen-positive ALL and poor outcome [15–18]. In adult
patients, several studies, but not all, reported that the pres-
ence of myeloid antigen was associated with a poor out-
come. However, recent studies have not adequately taken
into account the prognostic importance of myeloid-antigen
expression found in adult T-ALL patients [19]. Another
potential explanation might be that the level of residual

Table 4 MRD detection by flow
cytometer in 160 T-ALL patients
after one course of induction

We analyzed the association of
CD123 expression with the MRD
detection rate after the first
induction of treatment. All
p values were above 0.05

MRD+ MRD−

Early T-precursor ALL (CD7+) CD123+ 1 (10 %) 9 (90 %)

CD123− 1 (50 %) 1 (50 %)

T-precursor ALL (CD2+ and/or CD5+ and/or CD8+) CD123+ 3 (11 %) 24 (89 %)

CD123− 5 (12 %) 36 (88 %)

Mature T-ALL (CD3+) CD123+ 2 (12 %) 15 (88 %)

CD123− 5 (8 %) 58 (92 %)

Table 3 CD123 expression in
myeloid-antigen-positive T-ALL

The 160 T-ALL patients were
divided into three groups: early T-
precursor ALL, T-precursor ALL,
and mature T-ALL. All values of
positive rate were calculated on
the basis of each group

*p<0.05

Early T-precursor
ALL (CD7+)

T-precursor ALL (CD2+
and/or CD5+ and/or CD8+)

Mature T-ALL
(CD3+)

CD13 CD123+ 0/12 (0 %) 10/68 (15 %) 3/80 (4 %)

CD123− 0/12 (0 %) 4/68 (6 %) 4/80 (5 %)

CD15 CD123+ 2/12 (17 %) 7/68 (10 %) 3/80 (4 %)

CD123− 0/12 (0 %) 3/68 (4 %) 8/80 (10 %)

CD33 CD123+ 9/12 (75 %)* 18/68 (26 %) 8/80 (10 %)

CD123− 2/12 (17 %) 5/68 (7 %) 5/80 (6 %)

CD117 CD123+ 6/12 (50 %)* 10/68 (15 %) 3/80 (4 %)

CD123− 1/12 (8 %) 8/68 (12 %) 5/80 (6 %)
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disease at the end of the first induction is one of the im-
portant effects on long-term prognosis. The influencing
factors of prognosis include the age, sex, clinical manifes-
tation, cytogenetics, immunophenotype, and rapidity with
which leukemia cells are eliminated after induction.
Furthermore, the limited sample size and lack of long-
term clinical observation can preclude definitive evalua-
tion as well. Although it is difficult to get a definite con-
clusion, our study provides a reference for drawing up a
reasonable conclusion that CD123 may not be sufficient as
an independent predictor of treatment outcome in T-ALL.
Altogether, further prospective studies are needed to eluci-
date more accurately the correlation between CD123 and
prognosis of childhood and adult T-ALL.
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