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Research Article
Abstract
Objective: Investigating the expression pattern of
CD 90, 96,117 and 123 in bone marrow or peripheral
blood from adult patients with acute myeloid leukemia
and their use as markers for diagnosis and prognosis.
Patients and methods: Using Muli-color flowcytometry, we analyzed the expression of CD90, 96,
117 and 123 among [CD34+/CD38-] cell population in
AML patients at initial diagnosis.
Results: It was found that percentage of CD90+ cells
was lower among [CD34+/CD38-] cells in of AML
cases than control group, however this difference
didn't reach any statistical significance (p value=0.06),
the percentage of CD96+ cells among CD34+CD38cells was higher in AML cases than for control group
(that show a highly statistically significant difference
(p value<0.001), the percentage of CD117 cells
was higher among CD34+ CD38- cells in AML cases
than for control group, however this difference didn't
show statistical significance (p value=0.079), While
percentage of CD123 was significantly higher among
[CD34+/CD38-] cells in AML cases than the control
group and this difference shows a high statistical
significance (P value<0.001).
Conclusion: CD123 and 96 in the combination
[CD34+/CD38-] may be used as a useful marker for
detection of LSCs in AML patients.
Keywords: Acute myeloid leukemia; Leukemic stem
cell; CD 90, 96, 117, 123.

1. Introduction
Acute Myeloid Leukemia (AML) is a life-threatening
haematopoietic disease that is characterized by
clonal growth and accumulation of myelopoietic
progenitor cells. Many data have shown that each
AML clone consists of Leukemic Stem Cells (LSC)
ISSN 1860-3122

and their progeny and that AML stem cells differ
from more mature cells in several aspects, including
survival and target antigen profiles [1].
Stem cells possess two defining characteristics: the
ability to self-renew and the capacity to differentiate.
A number of major cancers including acute myeloid
leukemia have been shown to follow a cancer stem
cell model in which cancer cells are hierarchically
organized [2].
CD34 is a cell surface transmembrane protein that
is expressed primarily on the surface of immature
hematopoietic normal progenitor cells. It has been
widely used as a marker to assist in the identification
and isolation of Hematopoietic Stem Cells (HSCs)
and progenitors. Cell surface expression of CD34
is developmentally regulated in hematopoiesis and
is inversely related to the stage of differentiation,
as CD34 expression is lost beyond the committed
progenitor stage. The functional significance of
CD34 expression on hematopoietic progenitor cells
and developing blood vessel is unknown, except that
CD34 on vascular endothelial cells binds to L-selectin
[3]. It is not lineage restricted and thus not useful
for distinguishing AML from acute lymphoblastic
leukemia (ALL). In addition, CD34 is involved
in cellular adhesion and mediates resistance to
apoptosis [4].
CD90 or Thymocyte differentiation antigen 1 (THY-1)
is a cell surface glycoprotein expressed on some early
T and B lymphocytes, fibroblasts and neural cells [5].
It is also expressed on primitive hematopoietic cells.
In this latter cell population, in normal BM, about
5-25% of CD34+ cells co-express CD90. It seems to
be involved in proliferation and expansion processes.
A higher expression level of CD90 in HSCs than in
LSCs was further emphasized in another study [6].
In non-hematopoietic tissue, CD96 is expressed in
the convoluted tubular epithelium of the kidney, the
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mucosal epithelium of the small and large intestines
and the vascular endothelium [7,8].
A possible function of this receptor in natural killer
(NK) cell mediated killing activities were suggested
recently [9]. Moreover, CD96 was described as a
tumor marker for T-cell acute lymphoblastic leukemia
and acute myeloid leukemia [8,10]. It has been shown
to be expressed at high levels on hematopoietic cells
from adult AML patients, whereas its expression
in cells from hematologically normal subjects is
significantly reduced [8].
The c-kit proto-oncogen (CD 117) has been shown to
be present in several cell types including normal and
neoplastic hemopoietic cells. Among normal Bone
Marrow (BM) cells, CD117 expression has been
found in about half of the CD34+ precursors including
progenitors committed to the erythroid, granulomonocytic and megakaryocytic cell lineages [11].
In addition, strong CD117 expression is detected in
bone marrow mast cells as well as in a small subset
of NK cells displaying strong reactivity for CD56, and
in a relatively important proportion of CD3/CD4/CD8
prothymocytes. These results suggest that CD117
expression can be detected in both myeloid and
lymphoid lineages although for the lymphoid lineage
it would be restricted to a small NK-cell subset and
early T-cell precursors [12].
In acute leukemias, CD117 expression was initially
associated with AML. Nevertheless, at present it is
well established that CD 117 expression may also
be found in a relatively important proportion of T-ALL
while it is usually absent in B-lineage ALL [11].
CD123, the α-subunit of the inerleukin-3 (IL-3)
receptor, has generated considerable interest as a
cell-surface antigen with potential clinical application
because it is highly expressed on stem/progenitor
cells from adult AML, whereas it is practically absent
on their normal hematopoietic counterparts [13].
The aim of this study was to investigate the expression
pattern of CD, 90, 96, 117 and 123 in bone marrow
or peripheral blood from adult patients with acute
myeloid leukemia and their value as markers for
diagnosis.

2. Patients and Methods
The current study was conducted on 40 patients
with de novo acute myeloid leukemia at the time of
diagnosis (De novo AML was defined if the patient had
no history of prior treatment with chemotherapy and
had no prior diagnosis of myelodysplastic syndrome
or chronic myeloid leukemia), 24 males (60%) and
16 females (40%). Their ages ranged between 18
and 65 years with a (mean ± SD: 37.9 ± 12.6 years).
Patients were diagnosed and selected among cases
referred to medical oncology department at El Kasr
Al-Aini hospital, Cairo University over the period from
October 2014 to June 2015.
ISSN 1860-3122

In addition, this study included 40 bone marrow
samples with non-haematological malignancy (as a
control group). These patients were selected among
cases referred to Kasr AL-Aini hospital. They were
diagnosed as idiopathic thrombocytopenic purpura,
hypersplenism and some normal bone marrow
samples from donors within the bone marrow
transplantation unit. Among the control group, there
were 24 males (60%) and 16 females (40%). Their
ages ranged between 17 and 60 years with a (mean
± SD: 38 ± 11.32 years).
Consent was obtained from all the participants prior
to the study accompanied by detailed explanation
of the procedure and its outcome, this study was
carried out in accordance to the guidelines approved
by the Ethics Committee, Kasr AL-Aini hospital, Cairo
University. The data were collected from patients'
files after permission.
2.1 All the participants included in the study was
subjected to
Clinical evaluation including: Complete history taking
including: Age, Complaints, onset, course, duration,
present history, past medical history, drug history and
family history, clinical examination for the presence
of: hepatomegaly, splenomegaly, lymphadenopathy,
anaemic manifestations.
2.2 Laboratory investigations included
Complete blood picture for assessment of anemia,
thrombocytopenia and leucocyte count, Bone
marrow examination to reach the diagnosis,
cytochemistry, immunophenotyping to establish
the FAB classification and cytogenetic studies,
special investigations (for patients and controls):
Flow-cytometric analysis using CD34, CD38,CD
90, CD 96,CD117 and CD123 antibodies using
Multicolor flow cytometry (Coulter EPICS XL-MCL)
from Beckman coulter. All reagents purchased from
Beckman coulter Company, California, United States,
except Anti-Human CD96 (TACTILE) PE purchased
from affymetrix eBioscience, San Diego, California,
United States).
Phycoerythrin-cyanine 5 (PC5)-conjugated mouse
monoclonal anti human CD34 antibodies (IgG1
subclass); Contain 1 ml PC5-labeled antibodies (Cat
No: PN A07777). Fluorescein isothiocyanate (FITC)conjugated mouse monoclonal anti human CD38
antibodies (IgG1 subclass); Contain 1 ml FITClabeled antibodies (Cat No: PN A07778).
Phycoerythrin (PE)-conjugated mouse monoclonal
anti human CD90 antibodies (IgG1 subclass); Contain
1 ml PE-labeled antibodies (Cat No: IM1840U).
Phycoerythrin (PE) mouse monoclonal (IgG1
kappa subclass) Anti-Human CD96 (TACTILE) PE;
(purchased from affymetrix eBioscience, United
States); contain 1 ml PE-labeled monoclonal
antibodies (Cat No: 12-0969).
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Phycoerythrin (PE) mouse monoclonal antibody
CD117 purchased from (Beckman coulter; United
States). Contain 1 ml PE-labeled antibody of mouse
IgG1 subclass (Cat No: IM1360U).
Phycoerythrin (PE)-conjugated mouse monoclonal
anti human CD123 antibodies (IgG1 kappa subclass);
Contain 1 ml PE-labeled antibodies (Cat No: PN
A32535).
1 ml of peripheral blood/bone marrow was collected
from AML patients at initial diagnosis under
complete aseptic conditions and 1 ml bone marrow
sample was collected from control groups through
bone marrow aspiration under complete aseptic
conditions. Samples were delivered to a vacutainer
tube containing EDTA for Flow-cytometric analysis
using CD34, CD38, CD90, CD96, CD117 and CD123
antibodies.
The analysis was performed using direct staining
method by the following monoclonal antibodies:
anti CD34, CD38, CD90, CD96, CD117 and CD123
antibodies.
Samples were measured using EPICS XLMCL Beckman coulter, a logarithmic scale was
implemented for forward scatter signal, side scatter
signal and each fluorescent channel. Data analysis
was performed as follows: for each specimen a
minimum of 10,000 events were studied, primary
gate was constructed on CD34+ CD38- cells and
measuring CD123+ and CD90+ percent within the
primary gate using an appropriate isotypic control.
Data recorded as percentage and mean fluorescence
intensity (MFI).

16 females (40%). Their ages ranged between 17-60
years with a mean ± SD 38.3 ± 11.32.
Demographic data of patients and controls are
summarized in Table 1.
3.1 Clinical presentations of the control group
Cases among the control group were diagnosed as:
20/40 cases (50%) as idiopathic thrombocytopenic
purpura, 15/40 cases (37.5%) as hypersplenism,
5/40 cases (12.5%) normal bone marrow (Table 2).
3.2 Laboratory data of the control group
Laboratory data of AML patients are summarized in
Table 3.
Complete blood picture: Total leucocytic count ranged
beween 0.5-20.4 × 109/L, with a mean ± SD: 7.3 ±
2, hemoglobin level ranged between 4.1-16.8 g/dl
with a mean ± SD: 9.2 ± 2.4), platelet count: ranged
between 5-259 × 109/L with a mean ± SD 60 ± 31.7).
French-American-British subtypes of patients :
Among AML cases, 1 case (2.5%) was M0, 16 cases
(40%) were M1, 8 cases (20%) were M2, 3 cases
(7.5%) were M3, and 7 cases (17.5%) were M4, 4
cases (10%) were M5 and 1 case (2.5%) was M7.
Immunophenotyping results of studied markers in
AML group are summarized in Table 4.
In AML cases, correlation between studied markers'
expression and gender, age, organomegaly,
Table 1. Demographic data of the AML and control groups.

2.3 Statistical analysis
Data was analysed using IBM SPSS advanced
statistics version 21 (SPSS Inc.). Numerical data
were expressed as mean and standard deviation
or median and range as appropriate. Qualitative
data were expressed as frequency and percentage.
Chi-square test was used to examine the relation
between qualitative variables. For not normally
distributed quantitative data, comparison between
two groups was done using Mann-Whitney test (nonparametric t-test). Spearman-rho method was used
to test correlation between numerical variables. P
values<0.05 were considered significant. According
to Pearson correlation, r value between 0.5-1
signifies strong correlation, 0.3-0.5 signifies moderate
correlation, 0.1-0.3 signifies weak correlation, 0.0-0.1
signifies no correlation. Correlation may be whether
positive or negative.

3. Results
The current study was conducted on 40 patients
with de novo AML, 24 males (60%) and 16 females
(40%). Their ages ranged between 18-65 years with
a mean ± SD 37.9 ± 12.6. Forty age and sex matched
participants presented with non-hematological
malignancies as a control group, 24 males (60%) and
ISSN 1860-3122

Male
Female
Range
Age
(years) Mean ± SD

Gender

Cases
(no=40)
No (%)
24 (60.0%)
16(40.0%)
18-65
37.9 ± 12.6

Control
(no=40)
No (%)
24 (60.0%)
16 (40.0%)
17-60
38.3 ± 11.32

Table 2. Clinical presentations of the AML group.
Clinical Presentation
Organomegaly:
• Hepatomegaly
• Lymphadenopathy
• Splenomegaly
Constitutional symptoms
Anemic manifestations

No (%)
26 (65.0%)
15 (37.5%)
13 (32.5 %)
10 (25.0%)
16 (40.0%)
15 (37.5%)

Table 3. Laboratory data of the AML group.
Parameter
TLC (× 109/L)
Hb (g/dl)
PLT (× 109/L)
PB blasts (%)
BM blasts (%)

Mean ± SD
85.4 ± 29.5
8.3 ± 1.9
63.5 ± 19.5
45.6 ± 15.7
59.8 ± 18.6

Range
2.8-356.7
4.5-11.8
11-115
13-88
21-90

Hb: Hemoglobin; TLC: Total Leucocytic Count; PLT:
Platelets, PB: Peripheral Blood; BM: Bone Marrow
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Table 4. Immunophenotyping results of studied markers in AML group.
Parameter
[CD34+/CD38-] Cells %
[CD34+/CD38-/CD90+] MFI
[CD34+/CD38-/CD90+] %
[CD34+/CD38-/CD96+] MFI
[CD34+/CD38-/CD96+] %
[CD34+/CD38-/CD117+] MFI
[CD34+/CD38-/CD117+] %
[CD34+/CD38-/CD123+] MFI
[CD34+/CD38-/CD123+] %

Patients (no=40)
Median
Range
12.75
0.2-32.4
1.97
0.98-3.34
0.43
0.01-4.27
3.30
0.12-18.50
6.53
0.13-35.20
0.96
0.07-6.95
0.58
0.01-4.17
3.55
1.21-8.8
3.68
0.05-31.6

Controls (no=40)
Median
Range
0.33
0.01-1.53
1.98
0.42-4.23
0.63
0.03-4.55
1.78
0.11-4.10
0.49
0.01-2.98
0.94
0.05-3.78
0.36
0.01-2.13
2.11
1.01-3.75
0.71
0.01-3.53

P value
<0.001(HS)
0.32(NS)
0.06(NS)
<0.001(HS)
<0.001(HS)
0.855 (NS)
0.079 (NS)
<0.001(HS)
<0.001(HS)

MFI: Mean Fluorescence Intensity; SD: Standard Deviation; %: Percentage
P value<0.05 is statistically significant*

lymphadenopathy, laboratory data and FAB subtypes,
none of them revealed statistically significant
correlations.
Although the results of our study were reported and
published by other researches, but what is different
concerning our work is that to our knowledge, it is
the first study performed on the Egyptian patients
to rule out the role of the studied markers in the
pathogenesis of AML, relation to prognostic markers
and response to treatment.
Correlations between the studied markers
(expression of CD90, CD96, CD117, CD123)
and bad prognostic markers(old age more than
60 years, presence of bulky tumor, presence of
organomegaly or lymphadenopathy, high LDH) as
well as correlation with FAB subtypes and different
laboratory parameters were done, but none of them
were proved to be statistically significant, i.e., CD96
and CD123 among CD34+CD38- were significantly
increased in AML patients compare to controls, so
they are considered as independent risk factors in
the pathogenesis of AML.
All patients included in the study were treated
according to the protocol of the nuclear medicine
and oncology department, Cairo University, using
ongoing induction and consolidation regimens for
treatment of adult AML cases.
Induction of remission: Patients were subjected to 7-3
protocol for induction of remission [14]: Novantrone:
12 mg/m2, IV on day 1 and 3. ARA–C: 100 mg/m2,
continuous IV infusion, from day l-7. If remission
is not achieved, this protocol was repeated again.
If no or minimal response, patients were shifted
to high dose chemotherapy. Induction therapy for
acute promyelocytic leukemia (PML) included oral
administration of all-trans-retinoic acid (ATRA) 45
mg/m2/day until CR induces remission in 70% to
90% of patients with M3 AML. ATRA induces terminal
differentiation of the leukemic cells followed by
restoration of non-clonal hematopoiesis.
Consolidation [15]: High dose ARA-C for 4 cycles.
ARA-C: 2 g/m2, over 2 h infusions, every 12 h on
days 1-4.
ISSN 1860-3122

But when correlation between the studied markers
and response to treatment were done, no statistically
significant positive or negative correlation could be
proved (Figures 1-3).

4. Discussion
AML is one of the most life threatening and aggressive
hematological malignancies and despite the
advancement in treatment options for this disease,
its prognosis is still very poor and many patients die
either from complications of intensive chemotherapy,
resistance to the current treatment options or they
experience relapse after initial response to traditional
chemotherapy [16].
Most patients with AML will achieve a remission but
many will relapse and die from the disease. Due to
the disease heterogeneity, classification is critical
to provide prognostic data informing risk-adapted
therapeutic strategies, which have improved outcome
dramatically in some subtypes of AML [17].
Due to the high incidence of relapse and resistance to
conventional chemotherapy in AML, it is hypothesized
that there is a rare subset of malignant cells that could
evade the effect of the current treatment regimens
[18]. These cells are termed LSCs. LSCs share the
normal stem cells their self-renewal capacity as well
as extensive proliferative capacity. The property of
self- renewal helps initiation of leukemic cells growth
and establishing the hierarchical organization of AML
[19]. In addition, these LSCs usually reside in a stem
cell niche in the bone marrow and are in quiescent
state, remaining in G0, so they could survive the
conventional chemotherapeutic drugs and this leads
to the incidence of high relapse rates among AML
patients [20]. The lack of durable response in a high
percentage of AML patients suggests that current
treatments do not effectively target LSCs [19].
One of the major challenges in the design of new
therapies to eradicate LSCs is to achieve high
therapeutic specificity. To this end, it is important
to distinguish LSCs from the concomitantly present
HSCs and to assess whether this distinction is of
prognostic value, since it would underline the clinical
importance of LSCs [20].
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Figure 1. Flow-cytometric analysis of [CD34+/CD38-/CD90+] cells. MFI/Percentage of CD90 among [CD34+/CD38-] cells
in AML case.

Figure 2. Flow-cytometric analysis of [CD34+/CD38-/CD96+] cells: MFI/Percentage of CD96 among [CD34+/CD38-] cells
in AML case.
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Figure 3. Flow-cytometric analysis of [CD34+/CD38-/CD123+] cells: MFI/Percentage of CD123 among [CD34+/CD38-]
cells in AML case.

In similarity to normal hematopoietic stem cell,
many authors assumed that LSCs were enriched
within [CD34+/CD38-] cells [2]. This specific initial
phenotype [CD34+/CD38-] was assigned to the AML
stem cell and the characteristics of this population
were defined by transplantation studies using the
xenogeneic NOD/SCID mouse model system [21].
Although the exact phenotypes and genotypes of
LSCs remain controversial, an enormous effort has
been taken to identify specific surface markers in
order to differentiate between normal and leukemic
stem cells [22].
LSC immunophenotype has been also tested for
its utility at detecting MRD. LSCs can be identified
in most patients by the cell presence or absence
of the cell surface antigens that include: CD34+,
CD38-, CD123+, CD96+, CD90-, CD47dim and CD99+
[23]. Furthermore, it has been shown that patients
presenting higher proportion of LSCs (defined as
CD34+CD38−) demonstrate significantly lower
relapse-free survival than patients with less LSCs
[23].
CD90 is expressed on the immature hemopoietic
cells in the BM. CD90 is shown to be highly expressed
on cord blood primitive cells, especially which are
with high proliferation capacity; It is suggested that
CD90 is involved in HSC development by mediating
a negative signal which inhibits the proliferation of
ISSN 1860-3122

primitive cells. It is observed that LSCs with high
proliferation capacity in vivo and in vitro lack the
expression of CD90 [24].
CD96 is also expressed at higher levels in normal
progenitors than HSC. Expression was elevated in
the CD34+ CD38- LSC compartment when compared
to normal HSC in 65% of AML patients [8]. These
indicate that AML-LSC could be distinguished from
normal HSC by the presence of CD96 expression.
This finding suggested that CD96 may be an excellent
candidate target for antibody therapy against LSC.
Expression of CD117 has been demonstrated in
approximately 2-5% of normal bone marrow cells
[25]. Up to 60-70% of CD34+ bone-marrow progenitor
cells co-express CD117 [26].
CD123 is the α-subunit of the IL-3R, which together
with its β subunit (CD131) form the functional IL-3R.
The binding of IL-3 to CD123 leads to activation of the
receptor that accelerates survival and proliferation
of the cells [27]. Expression of CD123 might be
indicative of poor prognosis and might identify
patients requiring aggressive therapeutic schedules
[28].
In the current study, we analyzed the expression
of 4 cell surface antigens relevant to human
hematopoiesis (CD90, CD96, CD117 and CD123)
on the primitive cell population [CD34+/CD38-] cells
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in 40 patients with de novo AML compared to 40 age
and sex matched subjects with non-hematological
malignancies as a control group and to test the
efficiency of this surface markers to characterize
LSCs in AML.
Regarding the percentage of [CD34+/CD38-], It was
found that this cell compartment was higher in AML
cases at diagnosis when compared to the control
group. This finding was in agreement with Van
Rhenen et al. [29]. who found high [CD34+/CD38-]
frequency at time of diagnosis in AML patients, and
also in concordance with Du et al. [30] who observed
that the proportion of the CD34+CD38- population in
nucleated cells in healthy volunteers was much lower
compared to the AML patients (P<0.01).
Also, Terwijin et al. [31] reported that the frequency of
CD34+/CD38- (putative stem cell compartment in AML
patient) at diagnosis has a strong prognostic impact
and by multivariate analysis showed that CD34+/
CD38- frequency after first and second treatment
cycles was an independent prognostic factor for RFS
and OS while the neoplastic part of the CD34+/CD38+
and CD34- putative stem cell compartment has no
prognostic impact at all.
Also, Van Rhenen et al. [29] reported a significant
correlation between CD34+/CD38- frequencies and
all survival parameters (overall survival, relapse-free
survival and disease-free survival). He also found
correlation between stem cell frequency at diagnosis
MRD frequency after the third cycle of chemotherapy
in CR, with borderline significance for CD38-/CD34+
(P=0.05).
CD90 was found to be expressed in a low proportion
among [CD34+/CD38-] cells in AML group at
diagnosis in comparison to control group and there
was no statistically significant difference observed
between both groups. This result was in agreement
with Chavez-Gonzalez et al. [6] who found that CD90
and CD117 were expressed in low proportion on
[CD34+/CD38-] at diagnosis and also had no impact
on survival in AML patients.
These findings were also in agreement with a larger
study including 142 adult AML patients, Wuchter et
al. [32] observed a reduced frequency of CD90+ cells
in bone marrow at time of diagnosis, Blair et al. [33]
included bone marrow samples from 15 AML patients
and found that the vast majority of AML blasts as well
as more primitive CD34+ cell populations including
cells with in vivo repopulating capacity, lacked
expression of CD90.
The present study included the association between
the expression of [CD34+/CD38-/CD90+] and different
clinical and laboratory data of AML patients where no
association or correlation was found, as regards the
age, the findings were consistent with Petrovici et al.
[34] who reported no significant association between
expression of [CD34+/CD38-/CD90+] cells and age. In
a study including 148 patients (12 to 89 years old)
ISSN 1860-3122

with de novo AML, Buccisano et al. [35] reported
that CD90 was expressed in 17% of the patients. In
those de novo AML patients, CD90 was expressed
only in elderly patients. Interestingly, in those CD90+
patients, 21-92% of CD34+ cells co-expressed CD90,
which is in contrast to our study.
Also, according to our study, the expression (mean
fluorescence intensity) CD96 (Tactile) among
CD34+CD38- cells was significantly higher in AML
cases at initial diagnosis compared to control group.
This in agreement with Hosen et al. [8] who found
that CD96 is selectively expressed in AML-LSC and
demonstrates that CD96 is expressed on the majority
of CD34+ CD38- AML cells in many cases (74.0-25.3%
in 19 of 29 cases), whereas only a few (4.9-1.6%)
cells in the normal HSC-enriched population (Lin−
CD34+ CD38- CD90+) expressed CD96 weakly. Also
in keeping with the study by Chavez et al. [6] who
observed that in AML samples at diagnosis, levels
of CD96 cells were significantly increased compared
to the levels found in normal marrow. And also in
concordance with Du et al. [30] who investigated the
expression of cluster of differentiation 96 (CD96), a
potential marker for LSCs, in CD34+CD38- cells of
105 acute leukemia (AL) patients (87 AML, 15ALL,
3MAL patients) by flow cytometry, and found that all
the CD34+, CD34+ CD38- and CD34+ CD38- CD96+
proportions were much higher in AL compared to
the normal control (P<0.01). Also Du et al. [30] who
examined correlation between CD96 expression in
CD34+CD38- cells and the response for chemotherapy
in AML patients observed that a higher expression
of CD96 (>10%) may promote a poor response for
chemotherapy, which may be closely associated with
primary resistant. Many studies have suggested that
CD96 could be used as a valuable therapeutic target
in AML.
According to our study, there was no significant
impact of CD117 at diagnosis; this is in agreement
with Blair et al. [36] who reported that primitive AML
cells capable of long-term proliferation in vitro and
NOD/SCID repopulation differ from primitive normal
progenitor cells in their lack of surface expression
of c-kit. And also in concordance with Blair and
Sutherland [37]. who demonstrated that in adult
AML patients, CD117 is not expressed on the most
primitive CD34+ CD38- cell population that includes
HSC and also in agreement with Chavez et al. [6],
who found that the majority of CD34+ CD38- cells
from pediatric AML marrow were negative for CD117.
MFI/Percentage of CD123 was significantly higher
among [CD34+/CD38-] cell population in AML patients
when compared to control.
The higher expression of CD123 on [CD34+/CD38-]
cell population in the current study on AML patients
was consistent with several studies which stated that
CD123 was overexpressed on myeloid leukemia
cells in comparison with normal HSCs [1,38-43] Also
in agreement with a study Florian et al. [43], who
measured the expression levels of CD123 on LSCs
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of 14 AML patients, found that 99.1% of LSCs were
CD123+.
In this study, the expression of CD123 among [CD34+/
CD38-] cells was evaluated against other clinical and
hematological parameters such as patients' age, sex,
organomegaly, lymphadenopathy, initial TLC, Hb
level, platelets, peripheral blood blasts, bone Marrow
blasts percentage and different FAB subtypes.
Regarding the relation with different FAB subtypes;
no significant difference was found, this finding was
also reported by Testa et al. [44] and Zhao et al. [45]
who found that there is no significant difference in
CD123 expression levels detected with respect to the
different FAB subtypes. No significant association
between the expression of [CD34+/CD38-/CD123+]
and other previous patients' data was encountered.
Up to the best of our knowledge, no previous studies
addressed this issue.
In another study, in which follow up of AML patients
was done, Hwang et al. [16] observed a statistically
non-significant higher level of CD123 expression
on LSCs in the non-CR AML group and relapsed
group than in CR AML group at initial treatment.
Further studies with repeated assessment of CD123
expression throughout the course of the treatment
would help better assessment of the influence of
CD123 expression on the clinical outcome and
disease progression of AML.
Many studies have emphasized CD123 as a valuable
therapeutic target in AML and several phase І studies
assessing anti-CD123 monoclonal antibodies
targeting LSCs in AML are ongoing [22,46].

5. Conclusion
In conclusion, CD90 is expressed a little lower
among [CD34+/CD38-] cells in AML group than the
control group, although this difference did not reach
any statistical significance; so CD90 isn't considered
a reliable marker in the detection of LSCs in AML
patients. CD 96 is strongly expressed among [CD34+/
CD38-] cell in AML patients and may be used as a
marker for detection of leukemic stem cells and in
combination with CD34+/CD38- may be LSCs specific.
While c-KIT 117 (CD117) is not a reliable marker for
LSCs.CD123) is strongly expressed among [CD34+/
CD38-] cell population in AML patients at diagnosis
compared to control group and this difference
show a high statistical significance; CD123 in the
combination [CD34+/CD38-] may be used as a useful
marker for detection of LSCs in AML.

6. Ethical Approval
All procedures performed in studies involving
human participants were in accordance with the
ethical standards of the institutional research board
committee of Kasr Al Ainy School of Medicine, Cairo
University and with 1964 Helsinki declaration and its
later amendments.
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Informed consent was obtained from all individual
participants included in the study. This article does
not contain any studies with animals performed by
any of the authors.
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