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Abstract  

Background:  Leukemic stem cells (LSCs) play a crucial  
role in chemotherapy resistance in acute myeloid leukemia  

(AML), the classical LSCs phenotype is CD34+/CD38-.  
Successful eradication of LSCs requires combination of  

different strategies including targeting LSC specific surface  

molecules.  

Aim of Study:  To investigate the role of CD96, as a stem  

cell marker, in AML and its relation to induction therapy  
outcome.  

Material and Methods:  The current study was conducted  
on 50 patients with de-novo AML, in addition to 20 controls.  
Using multicolor flow cytometry, we analyzed the expression  

of CD96, a potential marker for LSCs among CD34+/CD38- 
cell population in AML patients at initial diagnosis and  
correlate it to the response of induction therapy.  

Results:  Percentage of CD96 among CD34+/CD38- was  

significantly higher in AML patients compared to control  
group (p<0.001). However, no statistical significant difference  
was observed between complete remission (CR) and non-
remission (NCR) groups. Also the correlation studies of LSC  

markers with laboratory findings revealed no significant  

correlation.  

Conclusions:  CD96 expression among CD34+/CD38- 
cells may be used as a useful marker for detection of LSCs  

in AML patients. However its expression is not correlated to  

post induction therapy outcome.  
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Introduction  

ACUTE  myelogenous leukemia (AML) is a clonal,  
malignant disease of hematopoietic tissue that is  
recognized by excessive production of (leukemic)  

blast cells in the bone marrow (BM), and defective  

production of normal blood cells, hence causing  

anemia, neutropenia and thrombocytopenia [1] .  
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Studies have shown that only a small subset of  

leukemic cells, the leukemia stem cells (LSCs),  

can proliferate extensively in vitro and in vivo,  
and have an essential role in the relapse and refrac-
toriness of AML to treatment [2] .  

Although these cells represent a small and  
variable proportion of the totality of the AML cells  
(0.2-1% depending on the patient), they were of  

particular importance in transferring AML from  
human patient to NOD/SCID mice and were re-
ferred as SCID leukemia-initiating cells (SL-IC).  
The LSC that initiate leukemia are almost always  

in the CD34+/38- fraction and never in the CD38+  

fraction, and were identified prospectively and  

purified as [Thy1-, CD34+, CD38-] cells from  

various patients. Some methods such as multicolor  
flow cytometry and side-population assay are  

essential for identifying LSCs whether in peripheral  

blood or BM samples [3-5] .  

The role of several LSC-associated markers  

such as CD33, CD96, and Death associated protein  
kinase (DAPK) expression in AML and their rela-
tionship with prognosis is still under investigation  

[6] .  

About 30% of human AML samples express  
CD96 and because most of the normal hematopoi-
etic stem cells are negative for CD96, it was sug-
gested that CD96 could be a potential marker for  

targeted therapy [7] .  

The aim of this study is to assess the expression  

of CD96 among CD34+/CD38- cell population in  
AML patients at initial diagnosis and correlate it  

to the response of induction therapy.  
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Patients and Methods  

The study was conducted on 50 newly diag-
nosed de novo adult AML patients at time of initial  
diagnosis before induction of therapy. Patients  
were selected randomly from cases referred to the  

Clinical Hematology Unit and Medical Oncology  

Departments of Kasr Alainy Faculty of Medicine  
during the period from January 2019 till December  

2019.  

In addition, 20 BM samples from patients with  
non-malignant hematological disorders: Idiopathic  
thrombocytopenic purpura, hypersplenism and  
some normal BM samples of donors within the  
bone marrow transplantation unit were included  
as a control group.  

All patients included in the study were subjected  
to complete history taking and clinical examination  

for organomegally and/or anemic manifestations.  

Laboratory investigations including: Complete  

blood picture, BM examination, immunophenotyp-
ing (IPT) and cytochemistry to establish the FAB  

classification as well as cytogenetic studies. For  

all patients with AML, peripheral blood (PB), and  
BM aspirate samples were repeated at day 28 from  

the start of chemotherapy to assess complete re-
mission (CR).  

Flow cytometric detection of LSCs was per-
formed using CD34, CD38, CD96 monoclonal  

antibodies for both groups.  

Flow cytometry analysis:  
BM samples were analyzed for enumeration of  

LSCs using multicolor flow cytometry (Cytomics  
FC500) from 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 spec-
imen about 10,000 cells were analyzed, primary  

gate was constructed on CD34+ CD38- cells and  

measuring CD96+ percent within the primary gate.  
Data was recorded as percentage and mean fluo-
rescence intensity (MFI).  

Statistical analysis:  
Data was coded and entered using the statistical  

package SPSS (Statistical Package for the Social  
Sciences) version 15. Data was summarized using  
mean, standard deviation, median, minimum and  
maximum in quantitative data and using frequency  
(count) and relative frequency (percentage) for  

categorical data. Comparisons between quantitative  
variables were done using the non-parametric  
Kruskal-Wallis and Mann-Whitney tests. For com-
paring categorical data, Chi square ( χ

2
) test was  

performed. Correlations between quantitative var-
iables were done using Spearman correlation coef-
ficient. p-values less than 0.05 were considered as  
statistically significant.  

Results  

The current study was conducted on 50 patients  

with de novo AML, 32 males (64%) and 18 females  

(36%). Their ages ranged between 19 and 70 years  

(median: 40 years, mean ±  SD: 41.6± 15.2 years).  
Twenty age and sex matched participants presented  

with non-hematological malignancies as a control  
group, 11 males (55%) and 9 females (45%). Their  

ages ranged between 22 and 63 years, median: 39  
years, mean ±  SD: 41.4± 11.8 years).  

Among AML groups, 4 patients (8.0%) were  
M0, 10 patients (20%) were M1, 10 patients (20%)  
were M2, 4 patients (8.0%) were M3, 19 patients  

(38.0%) were M4, and 3 patients were M5 (6.0%).  

Molecular testing for common translocations:  
Inversion 16 was positive in 1/50 (2.0%), negative  

in 26/50 (52.0%), t (8;21) was positive in 2/50  
(4.0%), negative in 25/50 (50.0%), FLT3-ITD was  
positive in 22/50 (44.0%), negative in 10/50  
(20.0%).  

Karyotyping was successful for 30 patients.  

Twenty four had normal karyotype, three had hy-
perdiploidy, one had monosomy seven and two  

had hypodiploidy.  

Table (1): Demonstrates the demographic fea-
tures of patients and controls.  

Table (2); Figs. (1,2): Show comparisons be-
tween cases and control in expression of CD34,  

CD38 and CD96 and they were statistically signif-
icant between the two groups ( p<0.001).  

After induction therapy; 32/50 (64%) patients  
achieved CR and 18/50 (36%) patients did not  

achieve complete remission (NCR).  

Table (3): Comparison between CR and NCR  

groups regarding CD34+/CD38- and CD34+/CD38- 
/CD96+ revealed no statistically significant differ-
ence between the two groups.  

Table (4): A cutoff value was estimated as a  
median value of LSCs percentage expression di-
viding AML patients to high expression and low  
expression groups. No statistical significance was  
observed among CR and NCR patients.  

No significant correlations were found between  

LSCs markers CD34+/CD38-/CD96+ and labora- 



p - 
value  

Markers  CR (n=32) NCR (n=18)  

Median  Range  Median  Range  

0.603  
0.424  
0.658  

2.58  
0.78  
77.25  

6.82  
0.82  
75.20  

0.768  2.40  2.41  

CD34+/CD38- %  
CD34+/38- MFI  
CD34+/CD3 8-/  

CD96+ %  
CD34+/CD3 8-/  

CD96+ MFI  

0.10-40.90  
0.46-1.60  
31.50-97.20  

1.62-3.89  

0.10-51.70  
0.46-1.93  
10.90-99.40  

0.96-4.35  

Table (3): Comparison between CR and NCR groups.  

CR /NCR groups  

p-value <0.05 is statistically significant.  
MFI: Mean fluorescence intensity. %: Percentage.  

Total  CR NCR  p- 
value  Count  %  Count  %  Count  %  

Low  14  43.8  11  61.1  25  50.0  0.239  

High  

Low  

18  56.2  7  38.9  25  50.0  

17  53.1  8  44.4  25  50.0  0.556  

High  15  46.9  10  55.6  25  50.0  

CD34+/CD38- 
%  

Median: 4.35  

CD34+/CD38/  
CD96+ %  

Median: 76.15  

Table (4): Comparison between CR and NCR groups regarding  
CD34+/CD38- and CD34+/CD38-/CD96+ accord-
ing to median.  

Median  
marker  
expression  

Marker  
expression  

4.35  
p<0.001  

0.81  0.55 0.53  
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Fig. (1): Comparison between AML (n=50) and control (n=20)  

groups as regards percentage of [CD34+/CD38-] cell.  
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Fig. (2): Comparison between AML and control groups as  

regards MFI/Percentage of [CD34+/CD38-/CD96+]  
cells.  
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tory parameters: Hemoglobin, total leukocyte count,  

platelet count, initial blast cell count, and blasts  

cells on day 14 and day 28.  

Regarding the clinical data, the percentage of  

[CD34+/CD38-/CD96+] cells in patients presenting  

with hepatomegaly, hepatosplenomegaly , splenom-
egaly (median: 41.20%; range: 31.50-67.70%;  
median: 82.1%; range: 23.95-96.10; median  
74.30%; range: 010.9-93.6% respectively) and  

lymphadenopathy (median: 73.75%; range: 40.5- 
97.2%) showed no statistically significant differ-
ence from those free from hepatomegaly, hepat-
osplenomegaly, splenomegaly (median: 77.2%;  
range: 24.0-99.4%) or lymphadenopathy (median:  

77.25%; range: 10.9-99.4%) (p=0.295, 0.746 re-
spectively).  

Table (1): Demographic features of AML and control groups.  

AML group  
(n=50)  

Control group  
(n=20)  

Number %  Number  %  

Gender:  
Male  32 64.0  11  55.0  
Female  18 36.0  9  45.0  

Age (years):  
Median  40  41  
Range  19-70  22-63  
Mean ±  SD  41.6± 15.2  41.4± 11.8  

Table (2): Comparison between AML (n=50) and control  
groups (n=20) as regards MFI/percentage of  

CD34+/CD38-/CD96 +ve cells before treatment  

Groups  

Markers data  AML (n=50)  Control (n=20)  p- 
value  

Median  Range  Median Range  

CD34+/CD3 8-%  4.35  0.10-51.70  0.55  0.1-3.2  <0.001  
CD34+/CD3 8-MFI  0.81  0.46-1.93  0.53  0.4-1.6  <0.001  
CD34+/CD3 8-/  3.55  1.21- 8.8  2.11  1.01-3.75  <0.001  

CD96+ %  
CD34+/CD3 8-/  3.68  0.05-31.6  0.71  0.01-3.53  <0.001  

CD96+ MFI  

MFI: Mean fluorescence intensity.  
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Fig. (3): Flow cytometric analysis of CD34+CD38-CD96+cells: Comparison of percentage/MFI of CD96+ cells among CD34+  

CD38- cell population in a control (upper row) and an AML case (lower row).  

Discussion  

To study the expression of LSCs markers in  

AML and their association to induction chemother-
apy, our results show that the percentage of  
CD34+/CD38- in the AML group at diagnosis was  
higher and statistically significant when compared  

to the control group, also the MFI of CD34+/CD38- 
shows the same result, being higher and statistically  

significant. Results are concomitant to what were  

found by Du et al., as well as Mostafa et al., [8,9] .  

The expression of the cell surface antigen CD96,  

relevant to human hematopoiesis on the primitive  
cell population CD34+/CD38-, was analyzed and  
results show that CD96 percentage and MFI ex-
pression detected as a surface marker on AML at  

diagnosis is higher than the control group and is  

statistically significant.  

The higher expression of CD96 among CD34+/  
CD38- cell population in AML patients is consistent  

with several studies. Hosen et al., [7]  found that  
CD96 could be detected on most of CD34+CD38- 
AML stem cells, and its expression could be corre-
lated with the function of LSCs. Only CD96+ LSCs  

can induce AML in NOD/SCID mice, suggesting  
that CD96 expression difference may affect the  
pathogenesis and prognosis of AML. Also, Chávez-
González et al., [10]  showed an increased frequency  
of CD96+ and CD123+ cells within the CD34+  
cell population from pediatric AML patients at  

diagnosis compared to normal group. Further studies  

were done by Zhao M. et al. [11] ; Du et al. [8]  and  
Hussein et al. [12]  showed consistent findings.  

Regarding the prognostic impact of CD34 and  
CD38 separately, or CD34+/CD38- expression as  
LSC markers and their relationship with post in-
duction therapy, the present study shows no statis-
tical significance between their expression and the  

short-term AML prognosis. This result is similar  
to what was found by El Mostafa et al., [9] 's study.  
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Other studies showed opposite results, Terwijin  
et al., [13]  reported that the frequency of CD34+/  

CD38- as putative LSCs compartment in AML  
patients at diagnosis have 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 relapse free survival (RFS) and overall  

survival (OS), while the neoplastic part of the  
CD34+/CD38+ as a stem cell compartment has no  

prognostic impact at all.  

Similarly, other studies regarding the prognostic  

impact of CD34+/CD38- LSCs on disease outcome  

were performed. The prognostic influence of the  

complete absence of CD34+/CD38- cells turned  

out to be an independent prognostic factor identi-
fying patients with better prognosis in adult and  
pediatric AML patients, compared to patients with  

high or low CD34+/CD38- LSC frequencies  
Hanekamp et al., [5]  and Zeijlemaker et al., [14] .  

When evaluating the relation between CD96  
expressions separately or among CD34+/CD38- 
population and the post induction therapy effect  
and prognosis, results show no statistical signifi-
cance.  

In contrast with the current study results, Hosen  

et al., [7]  suggested that CD96 expression difference  
may affect the pathogenesis and prognosis of AML.  

Also, Majeet and Weissman [15] 's study revealed  
that antibodies targeting CD96 on LSCs exhibited  

curative effect on alleviating the disease and im-
proving prognosis, suggesting the value of CD96  

down regulation on AML targeted therapy.  

While Zaho et al.'s [11]  study concluded that  
both CD96 and CD123 were markers of LSCs,  

CD96 might be more specific, and patients with  
expression of LSC markers especially with the  

expression of CD96 had a lower rate of remission,  

shorter survival time and poor prognosis. Among  
29 cases with CD96 expression, only 14 acquired  

CR or partial remission (PR) within two courses  
of chemotherapy. On the contrary, among 57 cases  

without CD96 expression, 41 acquired CR or PR.  
Results were statistically highly significant. A  
recent study by Mohammad H et al., indicated that  
CD96% in patients with NCR was higher than  

those with CR (p=0.004) [16] .  

Du et al., [8]  and Jiang et al., [6n]  based their  
studies on the background theory to clarify the  

relationship between the expressions of certain  

surface markers such as: CD33, CD96, and DAPK  
in the prognosis of AML. Du et al., [8]  reported  

that the CR rate in AML patients with CD96 ex-
pression of <10% in CD34+CD38- LSC was mark-
edly higher than in the patients with CD96 expres-
sion of >1 0%. The study done by Jiang et al., [6n]  
showed that after chemotherapy, the response rate  

in the CD33 and CD96 high expression groups  
was significantly lower than the groups with CD33  
and CD96 low expression, suggesting CD33 and  
CD96 elevation may reduce the sensitivity to chem-
otherapy and may be related to poor prognosis.  

Further analysis demonstrated that the one-year  

survival rate, three-year survival rate, and median  

survival time in the CD33 and CD96 high expres-
sion groups were obviously lower than that in the  

groups with low CD33 or CD96 expression. Re-
garding CD96, the response rate (CR + PR) in  

CD96 high expression group result were signifi-
cantly lower than that of the CD96 low expression  

group [6n] .  

In this work, the expression of CD96 among  
CD34+/CD38- cells was evaluated against other  
clinical and hematological parameters such as  

gender, hemoglobin level, platelets, blast percent-
age, and results showed no significant correlation.  
A previous study performed on patients with MDS  

by Zhang et al., [17]  revealed that the expression  

levels of CD96 were significantly correlated with  

the proportion of the BM blasts.  

Also, regarding the expression of CD96 among  
CD34+/CD38- cells and the TLC, there was no  
significant correlation. This is contrary to Zhao et  
al., [11]  who stated that CD96 expression level was  

higher with hyperleukocytosis, as well as Al-
Fatlawi and Musa [18]  who mentioned that the  
expression of CD96 was associated with increased  

TLC and BM blast cells at presentation.  

Yabushita et al.'s [19]  work using multiple LSCs  
markers (CD96, CD25 and CD123) revealed that  

multiple LSC marker expression was significantly  
associated with shorter three-year OS, compared  

with single or no LSC marker expression.  

Work performed on the association between  

expression of LSCs gene and clinical outcomes in  

AML showed that high expression of a LSC gene  

expression signature is independently associated  

with adverse outcomes in AML [20] .  

The current study results concluded that the  

expression of CD34+/CD38- (percentage and MFI)  

in the AML group was higher and statistically  
significant when compared to the control group.  
Also, the expression of surface antigen CD96  
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among CD34+/CD38- population (percentage and  
MFI) was higher and statistically significant when  
compared to control group.  

Regarding the prognostic impact of CD34+/  
CD38- LSCs on disease outcome, results show no  

statistical significance between their expression  

and the short-term AML prognosis.  

Similarly, the current study shows no statistical  
significance when evaluating the relation between  
CD96 expressions separately or among CD34+/  
CD38- population on disease outcome after post  
induction therapy.  

We concluded that CD96 expression among  
CD34 may be used as a useful marker for detection  

of LSCs in AML patients, however CD96 expres-
sion is not correlated to post induction therapy  
outcome.  
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