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Evaluation of CD96 and CD123 in 
CD34+ leukemic stem cells in acute 
myeloid leukemia patients and their 
relation to response to induction 
therapy
Haidar H. Al‑Fatlawi, Raad Jaber Musa

Abstract:
BACKGROUND: Leukemic stem cells (LSCs) are thought to originate either from normal hematopoietic stem cells 
or from more differentiated progenitor cells. LSCs are capable of self‑renewal, proliferation, and differentiation 
into malignant blasts.

OBJECTIVE: To evaluate the expression of the LSC markers CD96 and CD123 in de novo acute myeloid 
leukemia  (AML) patients, and to explore the relationship between those markers and response to induction 
therapy and prognostic factors in AML.

MATERIALS AND METHODS: A cross‑sectional study was conducted on 30 adults with newly diagnosed AML 
patients were prospectively tested for the expression of CD96 and CD123 using four‑color flow cytometer at the 
time of diagnosis and re‑evaluated at day 28 from the start of chemotherapy for the response to 3 + 7 induction 
therapy regimen.

RESULTS: Eight cases (26.7%) expressed CD96, and 12 cases (40%) expressed CD123; all the CD96 positive 
cases were also CD123 positive, however, four cases among the CD123 positive patients did not express CD96. 
CD96 and CD123 were expressed more on blast cells in the cases of M5 French–American–British subtype, 
whereas the least expression was in M3. Among the eight cases with CD96+ expression, only (37.5%) acquired 
CR, whereas cases without CD96 expression, (77.3%) acquired CR. Among the 12 cases with CD123+ expression, 
only (33.3%) acquired CR, while cases without CD123 expression, (88.9%) acquired CR.

CONCLUSION: The expressions of CD96 and CD123 were associated with a higher total white blood cell count 
and bone marrow blast cells at presentation, and a lower response rate to the induction therapy.
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Acute myeloid leukemia  (AML) is a clonal, 
malignant disease of hematopoietic tissues 

that is defined by the accumulation of leukemic 
blast cells, mainly in the marrow resulting in 
hematopoietic failure.[1] Iraq is among the world 
countries with both high incidence and low 
survival rate of AML.[2,3] Laboratory data suggest 
that AML originates from a rare population of 
cells, termed leukemic stem cells (LSCs), which 
are capable of self‑renewal, proliferation, and 
differentiation into malignant blasts. Various 
surface markers have been assigned to LSCs such 
as CD96 and CD123, though there is universal 
agreement that LSCs exist within the CD34+ 

compartment of hemopoietic cells and the 
majority of LSCs are CD38−.[4]

LSCs might  originate  from malignant 
transformation of normal hematopoietic stem 
cells (HSCs), or alternatively, of progenitors in 
which the acquired mutations have re‑installed 
a dysregulated self‑renewal program. Most 
leukemia cells are initially sensitive to 
chemotherapy and radiotherapy, LSCs are 
resistant and are considered the basis for disease 
relapse after the initial response.[5] Similar to 
normal HSCs, LSCs are characterized by their 
ability to self‑renew, unlimited repopulating 
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potential and the production of a multitude of progeny cells 
with more differentiated characteristics.[6]

CD45 is a transmembrane tyrosine phosphatase ubiquitously 
expressed by white blood cells  (WBCs). CD45 expression is 
high on lymphocytes and monocytes, whereas granulocytes, 
precursor B‑cells, precursor granulocytic cells, and 
proerythroblasts are also CD45 positive, but at lower levels. 
In contrast, more mature erythroid cells are generally CD45 
negative. Therefore, when combined with SSC characteristics, 
CD45 can help distinguish the major leukocyte  (sub) 
populations in bone marrow  (BM).[7] Most blasts have 
decreased CD45 expression (blast cells tend to be located in 
the CD45 weak positive region). However, the blast gate by 
CD45/SSC contains various cell types in addition to myeloid 
blasts. Therefore, specific markers of blast cells are required for 
definitive identification of blasts (usually CD34 and CD117).[8]

CD34 is a surface glycophosphoprotein. It is a greatly 
glycosylated Type I transmembrane protein that is a member 
of the sialomucin family of surface molecule.[9] CD34 has been 
generally used for the identification and isolation of HSCs and 
progenitors.[10] CD34 is considered as a poor prognostic factor 
in newly diagnosed AML.[11]

CD96; also known as T‑cell activation increased late expression 
is a Type I membrane protein that belongs to immunoglobulin 
superfamily. CD96 was previously introduced as a novel cell 
surface marker on NK cells and an antigen for T‑cell.[12] CD96 
is not expressed in the majority of normal HSC population; 
however, it is intensely expressed in CD34+ CD38− AML cells. 
Furthermore, CD96+ LSCs have a high ability for engraftment 
in mice. Therefore, it may be probable to use this molecule for 
LSC‑targeted antibody therapy.[13]

CD123 is also known as interleukin‑3 receptor alpha (IL‑3Rα). 
IL‑3R is a heterodimeric cytokine receptor consist of the alpha 
and beta units.[14] CD123 or IL‑3Rα interacts with the beta 
chain (CD131) of the IL‑3, IL‑5 and granulocyte‑macrophage 
colony‑stimulating factor receptors to create a high‑affinity 
IL‑3 receptor. Dependent on the cell type, IL‑3 will bind to 
the high‑affinity IL‑3 receptor heterodimer which stimulates 
cell proliferation, differentiation or cell survival.[15] In normal 
hematopoiesis, the binding of IL‑3 to IL‑3R stimulates the 
development and survival of multilineage colonies from 
normal BM, while in leukemia, IL‑3 induce a stimulation 
effect on most human AML blasts that proliferate in response 
to IL‑3.[16]

Materials and Methods

This prospective cross‑sectional study was conducted on 30 
adults de novo AML patients were admitted to the Hematology 
Department of Baghdad Teaching Hospital and Al‑Imamain 
Al‑Kadhimian Medical City from May 2015 to February 2016. 
This research was approved by the Ethical Committee at the 
College of MEDICINE, Al‑Nahrain University. For each patient, 
a questionnaire form was done. A volume of 2.5 ml of peripheral 
blood (PB) and 0.5 ml of BM aspirate was collected in EDTA tube 
from each patient. The hematological parameters were obtained 
by automated hematology analyzer  (CELL‑DYN Ruby). PB 
and BM films were stained with Leishman, Sudan Black B and 

periodic acid–Schiff stains. After morphological diagnosis of 
AML, the specimen was transferred in a cool box (within 6 h) 
to a private laboratory to be investigated for the expression of 
surface marker antigens (CD96 and CD123) using four‑color flow 
cytometer (Partec Cyflow®Cube 6, Germany) and interpretation 
of markers by FACS Express Software. The parameters of 
CD45/SSC (dim/low expression of CD45 and low SSC) which 
was used to locate immature cells (Gate 1) then CD34 positive 
blasts were selectively gated (Gate 2).[17,18] From this population 
of cells, the expression of CD96 and CD123 immuophenotypes 
are defined when at least 20% of the blast cells expressed 
those markers.[18] For remission induction, the patients were 
categorized into high and low‑risk groups by physician 
according to their age and WBC count at presentation  (risk 
stratification); hence, those patients with age ≥60 years and 
WBC count ≥50 × 109/L at presentation were considered as a 
high‑risk group and given less intensive therapy; while those 
patients with age <60 years and WBC count <50 × 109/L at 
presentation were considered a low‑risk group and received the 
induction therapy protocol of “3+ 7” (3 days of an anthracycline 
“doxorubicin 30 mg/m2 or daunorubicin 45 mg/m2” and 7 days 
of cytarabine 100 mg/m2 continuous intravenous [IV]).[19] The 
acute promyelocytic leukemia patients received different 
regimen (All-Trans Retinoic Acid (ATRA)  45 mg/m2 daily 
until complete remission (CR) plus doxorubicin 30 mg/m2 IV 
or idarubicin 12 mg/m2 (IV in 30 min) for 4 doses at alternative 
days (D 2, 4, 6, and 8 of ATRA treatment).[20]

For all patients with AML, PB, and BM aspirate samples were 
repeated at day 28 from the start of chemotherapy to assess the 
CR, for AML M3 patients BM repeated only after recovery of 
PB hematological parameters.

Patients were classified according to Cheson criteria of response 
into CR (<5% blasts in an aspirate sample with marrow spicules 
and with a count of at least 200 nucleated cells, there should 
be no blasts with Auer rods or persistence of extramedullary 
disease, and have an absolute neutrophil count of >1 × 109/L 
and platelets of ≥100 × 109/L), resistant disease  (persistent 
leukemia by blood and/or BM examination) and death during 
induction.[21]

The statistical analysis of this prospective study performed 
with the Statistical Package for Social Sciences 21.0 (Armonk, 
NY: IBM Corp.) and Microsoft Excel 2013. Categorical 
data formulated as count and percentage. Chi‑square test 
describes the association of these data. Numerical data with 
normal distribution were described as mean and standard 
deviation (SD), independent sample t‑test used for comparison 
between two groups. While for abnormal distribution, Mann–
Whitney test used for comparison between two groups. The 
lower level of accepted statistical significant difference is bellow 
or equal to 0.05.[22]

Results

Thirty adult newly diagnosed AML patients were enrolled in 
the study; the mean age was 41.33 ± 16.58 years (mean ± SD); 
the range was 16–75 years. The highest incidence was reported 
at the age group  25–34  years while lowest at  ≥65  years. 
AML was observed more in males than in females with 
male:female ratio of 1.3:1. The mean of total WBC count at 
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CD123 expression were significantly higher than those without 
markers expression, while there was no significant correlation 
between PB blast cells percentage, Hb level and platelet count 
with the CD96 and CD123 expression [Tables 3a, b, 4a and b].

CR was achieved in 20/30  patients  (66.67%) at the end of 
induction therapy. Among the eight cases with CD96+ 
expression, only three cases  (37.5%) acquired CR and five 
cases (62.5%) have no remission. On the other hand, among 
the 22  cases without CD96 expression, 17  cases  (77.3%) 
acquired CR and only five cases (22.7%) have no remission. 
Out of the 12  cases with CD123+ expression, only four 
cases  (33.3%) acquired CR and eight cases  (66.7%) have 
no remission. While among the 18  cases without CD123 
expression, 16  cases  (88.9%) acquired CR and only two 
cases (11.1%) have no remission, and these results appeared 
that there was a significant correlation between positive 
expressions of CD96 and CD123 with the nonresponsiveness 
to induction therapy [Table 5].

Discussion

The mean age of patients was 41.33  years, which was in 
agreement with other Iraqi studies.[24‑26] The peak incidence of 
AML was found in the age group 25–34 years, while the least 
incidence was found in the age group ≥65 years, these findings 
were comparable with the result of study made by Mohammed 
in 2014.[26] In this study, the mean age of patients and the peak 
incidence were markedly lower than that observed in the 
developed countries where the incidence of AML increased 
with age, and the majority of cases were above 55 years of 
age.[27] This might be attributed to small sample size or other 
factors related to the biology of leukemia. The male to female 
ratio was 1.3:1, which was in accordance with that reported 
by the Iraqi ministry of health[2] and other Iraqi studies.[24‑26]

The mean WBC count, Hb level, and platelet count were 
comparable to previous Iraqi studies. Leukocytosis (WBC 
count >10  ×  109/L) was found in 53.33% of AML patients 
which was more than that reported by Dawood[28] and less than 
results reported by Al‑Mohsen[24] and Mohammed,[26] Whereas 
leukopenia and normal leukocyte count at presentation were 
comparable to observed findings in the other Iraqi studies 
by Hussein survey in 2013[3] and Al‑Husseiny in 2008.[29] This 
difference might be attributed to small sample size. The mean 
Hb concentration and platelet count were comparable to other 
studies by Al‑Mohsen[24] and Mohammed.[26]

presentation was 40.3 ± 59.83 × 109/L  (mean ± SD), ranged 
from (1.5–234 × 109/L) and median was 15.4 × 109/L. Patients 
were divided into three groups according to the counts of 
WBCs: Leukopenia (<4 × 109/L), normal (4–10 × 109/L), and 
leukocytosis (>10 × 109/L). Accordingly, seven patients (23.3%) 
were leukopenic, seven patients  (23.3%) had normal WBC 
count, whereas 16 patients (53.4%) which represent the majority 
of cases had leukocytosis [Table 1].

The mean of hemoglobin  (Hb) concentration was 
8.49 ± 2.66 g/dl (mean ± SD), the range was 3.96–15.3 g/dl and 
median was 7.99 g/dl. Only two patients (6.7%) had a normal Hb 
concentration. The mean platelet count was 60.41 ± 38.82 × 109/L 
(mean ± SD) and the range was 6.6–146 × 109/L. The median 
was 57.6 × 109/L, all patients (100%) had low platelet counts 
[Table 1].

French–American–British (FAB) M2 formed the major portion 
of AML subtypes (30.00%), followed by M3 (23.33%) and M5 
(16.67%) then M1 and M4 (13.33% for each) and M7 was (3.33%), 
M0 and M6 subtypes were not represented in the current study 
[Table 1].

CD96 was expressed in 8/30  patients  (26.7%), for CD123 
expression, 12/30  patients  (40%) had positive expressions. 
All CD96 positive cases were also CD123 positive, however, 
four cases among the CD123 positive patients didn’t express 
CD96  [Figure  1]. CD96 was expressed more in M5 subtype 
cases, while not expressed in M3 subtypes. CD123 was 
expressed more in M5 subtype cases, while expression was 
poor in M3 [Table 2].

Regarding hematological parameters, the total WBC count 
and BM blast cells percentage of AML patients with CD96 and 

Figure 1: Frequency of cases expressing CD96 and CD123 in acute myeloid 
leukemia patients

Table 1: Distribution of acute myeloid leukemia 
according to gender, hematological parameters and 
French-American-British subtype
Variable n (%) Range Mean±SD Median
Gender

Male 17 (56.67) N/A N/A N/A
Female 13 (43.33)

WBC count (×109/L)
<4 7 (23.3) 1.5-234 40.3±59.83 15.4
4-10 7 (23.3)
>10 16 (53.4)

Hb (g/dl)
Low* 28 (93.3) 3.96-15.3 8.49±2.66 7.99
Normal 2 (6.7)

Platelet count (×109/L)
Low** 30 (100) 6.6-146 60.41±38.82 57.6

FAB subtypes
M1 4 (13.33) N/A N/A N/A
M2 9 (30.00)
M3 7 (23.33)
M4 4 (13.33)
M5 5 (16.67)
M7 1 (3.33)

*Low Hb if <13 g/dl in men and 12 g/dl in women, **Low platelet if <150×109/L 
(males and females).[23] WBC = White blood cell, SD = Standard deviation, 
N/A = Not available, Hb = Hemoglobin, FAB = French-American-British
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Regarding FAB subtypes,  FAB M2 was the most 
frequent  (30%) followed by M3  (23.33%). These results 
were comparable to other Iraqi studies carried out by 
Al‑Hemedawee in 2014 who reported that M2 was the most 
frequent followed by M5[25] and Alwan et al., in 2009 showed 
that M2 was the most common subtype followed by M1.[30] 

However, other local previous studies done by Hussein,[3] 
Al‑Mohsen,[24] Mohammed[26] and Al‑Husseiny[29] found that 
FAB M3 was the most common subtype. The lower number 
of M3 cases in this study might be attributed to differences 
in sample sizes or due to environmental factors related to 
seasonal variation.[31]

The percentage of CD96+ expression cases was comparable 
to that found by Gramatzki et al.,[12] Zhao et al.,[17] and Du 
et al.,[32] but lower than that done by Hosen et al.[13] The total 
WBC count of AML patients with CD96 expression was 
significantly higher than those without this expression and 
this result was comparable to result documented by Zhao 
et al., 2013.[17] The present work did not reveal any significant 
differences in CD96+ expression with respect to the PB blasts 
percentage. However, CD96 expression was significantly 

Table 2: Distribution of CD96 and CD123 expressions in relation to acute myeloid leukemia subtypes
FAB subtype CD96 CD123

Positive (%) Negative (%) Total Positive (%) Negative (%) Total
M1 1 (25) 3 (75) 4 1 (25) 3 (75) 4
M2 2 (22.2) 7 (77.8) 9 3 (33.34) 6 (66.67) 9
M3 0 7 (100) 7 1 (14.28) 6 (85.72) 7
M4 1 (25) 3 (75) 4 2 (50) 2 (50) 4
M5 3 (60) 2 (40) 5 4 (80) 1 (20) 5
M7 1 (100) 0 1 1 (100) 0 1
Total 8 22 30 12 18 30
FAB = French-American-British

Table 3a: Correlation between CD96 expression with total white blood cell count
Parameter CD96 positive (n=8) CD96 negative (n=22) P

Mean Median Percentile (5-95) Mean Median Percentile (5-95)
Total WBC count (×109/L) 83.05 47.55 3.61-234 24.75 9.6 1.58-100 0.003
WBC = White blood cell

Table 3b: Correlation between CD96 expression with hematological parameters
Parameter CD96 positive (n=8) CD96 negative (n=22) P

Mean±SD SE Mean±SD SE
Hb (g/dl) 8.23±2.27 0.80 8.58±2.69 0.57 0.741
Platelet count (×109/L) 58.96±48.97 17.31 60.94±35.77 7.62 0.914
PB blast cells % 57.13±28.62 10.12 49.05±25.88 5.51 0.468
BM blast cells % 84.00±6.82 2.41 61.41±19.368 4.129 0.003
SD = Standard deviation, SE = Standard error, BM = Bone marrow, PB = Peripheral blood, Hb = Hemoglobin

Table 4a: Correlation between CD123 expression with total white blood cell count level
Parameter CD123 positive (n=12) CD123 negative (n=18) P

Mean Median Percentile (5-95) Mean Median Percentile (5-95)
Total WBC count (×109/L) 62.34 30.65 1.63-234 25.6 7.6 1.5-160 0.002
WBC = White blood cell

Table 4b: Correlation between CD123 expression with hematological parameters
Parameter CD123 positive (n=12) CD123 negative (n=18) P

Mean±SD SE Mean±SD SE
Hb (g/dl) 8.19±2.66 0.77 8.69±2.53 0.60 0.607
Platelet count (×109/L) 57.01±43.53 12.56 62.68±36.47 8.59 0.702
PB blast cells % 53.67±25.70 7.42 49.56±27.43 6.46 0.683
BM blast cells % 80.42±8.27 2.38 58.78±20.39 4.80 0.001
SD = Standard deviation, SE = Standard error, BM = Bone marrow, PB = Peripheral blood, Hb = Hemoglobin

Table 5: Correlation between CD96 and CD123 
expression with complete remission achievement
Marker Remission Total P

Complete, n (%) Not, n (%)
CD96+ 3 (37.5) 5 (62.5) 8 0.041
CD96− 17 (77.3) 5 (22.7) 22
CD123+ 4 (33.3) 8 (66.7) 12 0.002
CD123− 16 (88.9) 2 (11.1) 18
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associated with BM blasts percentage. To the best of our 
knowledge, no previous studies addressed the correlation 
of the PB blasts and BM blasts percentage with CD96 
expression, interestingly in 2015, a study done on patients 
with myelodysplastic syndrome by Zhang et al., revealed that 
the expression levels of CD96 and CD123 were significantly 
correlated with the proportion of the BM blasts.[33] Regarding 
CD96 expression distribution among FAB subgroups, it 
showed that the high percentage of CD96+ observed in M5 
subtype, while CD96 is not expressed in M3 subtype and 
these results were in agreement with Zhao et al.,[17] however, 
previous study done by Gramatzki et al., showed that CD96 
expression is rare in M5 subtype.[12] Among the eight cases 
with CD96+ expression, only three cases  (37.5%) acquired 
CR, while among the 22  cases without CD96 expression, 
17 cases (77.3%) acquired CR. Current results were consistent 
with that of Zhao et  al., 2013[17] and Du et  al., 2015[32] who 
found that CD96+ expression was associated with a lower 
rate of CR in AML patients.

The percentage of CD123+ cases was in agreement with the 
studies done by Zhao et al., 2013[17] and Farweez et al., 2015,[18] 
on the other hand, this study result was higher than that 
reported by Zhu et al., 2012[34] and lower than that reported 
by previous an Iraqi study by Al‑Mohsen in 2013[24] and Ge 
et al., 2014.[35]

The total WBC count of AML patients with CD123+ expression 
was significantly higher than those without this expression. 
Similar results were documented by several previous 
studies.[16,18,35,36] The present work did not reveal any significant 
differences in CD123+ expressions with respect to the PB blasts 
percentage, whereas it was significantly associated with BM 
blasts percentage. The same results had been documented 
by Farweez et al.,[18] and Khorshed et al.[36] Regarding CD123 
expression distribution among FAB subgroups, it showed 
that highest percentage of CD123+ observed in M5 subtype, 
while the least expression was in M3 and these results were 
in agreement with Zhao et  al.[17] Among the 12  cases with 
CD123 expression, only four cases (33.3%) acquired CR, while 
among the 18 cases without CD123 expression, 16 cases (88.9%) 
acquired CR and these results were similar to that found by 
Zhao et al., 2013,[17] Farweez et al., 2015[18] and Ge et al., 2014[35] 
who found that CD123 expression was associated with a 
reduced response to induction chemotherapy.

Conclusion

The Current study present that the expressions of CD96 and 
CD123 were associated with a higher total WBC count and 
BM blast cells at presentation, and a lower response rate to the 
induction therapy; thus CD96 and CD123 are considered as 
unfavorable markers gives evidence that these markers have 
clinical association
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