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Introduction: CD34+CD38-stem cells were identified as the most related markers to acute myeloid leukemia
(AML) progression, resistance, and relapse. However, there is still a lack of published data identifying the level of
CD34 and CD38 during induction chemotherapy and after complete remission.

Objectives: This study aimed to evaluate the levels of CD34+CD38+progenitor cells and CD34+CD38-stem cells
in AML patients at diagnosis and after induction chemotherapy.

Patients and Methods: This is a prospective cohort study. Both CD34 and CD38 cell markers were identified using
flow cytometry in newly diagnosed AML patients and after induction chemotherapy.

Results: Forty newly diagnosed AML patients (27 males and 13 females) were followed up after induction
chemotherapy. Results revealed a statistically significant decline (P<0.05) in CD34+CD38-stem cell levels as
well as in CD34+CD38+progenitor cell levels in AML patients who achieved complete or incomplete remission
compared to newly diagnosed AML patients. Besides, age and CD34+CD38-stem cells exhibited a statistically
significant positive correlation at diagnosis.

Conclusion: Our study showed CD34+CD38-stem cells are associated with disease progression and poor survival
in AML patients. We concluded that, CD34 and CD38 are promising follow-up markers for AML patients on
induction chemotherapy. In order to keep AML patients in full remission and increase their chances of survival,
medications that target leukemic stem cells (LSCs) should be used in conjunction with the usual chemotherapy
that targets blasts.

Leukemic stem cells (LSCs) are considered
as a subset of cells in AML that are essential
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(AML) is the clonal development of myeloid
leukemia blasts in the bone marrow and
peripheral blood (1-3). About 90% of adult
cases of acute leukemia are AML, and their
prevalence rises with age (4). Patients with
AML often have a bad prognosis (the 5-year
overall survival for those who are over 60
years old is 20%) (5). Persistent neutropenia
from combination chemotherapy for AML
treatment raises the risk of opportunistic
infections, mostly by resistant candida
species; hence there is a high demand for
novel therapeutic approaches (6,7).

The chromosomal rearrangements and
numerous gene mutations that result in
AML are caused by the transformation of
hematopoietic stem or progenitor cells (8,9).

to disease onset and progression (10). An
undifferentiated state, self-renewal, and
resistance to drugs are among the stemness
characteristics that define LSCs. Experts
believe that LSCs contribute to the poor
prognosis and illness recurrence in AML
patients (11-15).

CD34+CD38+ and CD34+CD38-
subpopulation are arguments (16-20),
although many studies demonstrated the
association of CD34 expression with AML
patient outcomes, controversy still exists
(20, 21). Previous studies have shown the
association of CD34+CD38- with poor
prognosis; however, data identifying the
level of CD34 and CD38 after induction
chemotherapy are still limited.
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Key point

e (CD34+CD38- stem cells are associated with AML patients’
disease progression and poor survival.

*  Medications that target leukemic stem cells should be used in
conjunction with the usual chemotherapy that targets blasts.

Objectives

This study aimed to evaluate and compare the level of
CD34+CD38-stem cells and CD34+CD38+progenitor
cells in patients with AML at diagnosis and after induction
chemotherapy.

Patients and Methods

Study design and setting

This is a prospective cohort study. This study was
conducted in the clinical pathology department at South
Egypt cancer institute (SECI), in cooperation with clinical
hematology unit, faculty of medicine, Assiut university,
Egypt. This research included all newly diagnosed
adult AML patients hospitalized between December
2022 and September 2023. Patients were followed up
after chemotherapy until complete remission or death.
Inclusion criteria were; the newly diagnosed AML patients
(AML-ND) before intensive induction chemotherapy
aged from 18 years old. Exclusion criteria: AML patients
on low-intensity chemotherapy courses, recurrent AML
patients, AML M3 (acute promyelocytic leukemia), and
AML patients with prior hematologic malignancies such as
myelodysplastic syndrome, myeloproliferative neoplasms.
The patients treated with the following chemotherapy
regimen; cytarabine (100 mg/m*/day for 5-7 days) and
idarubicin (12 mg/m?/day) (6).

Patients’ diagnosis
The diagnosis was conducted using the bone marrow
examination, complete blood count, clinical presentation,
immunophenotyping  and  cytogenetic  studies.
Immunophenotyping using monoclonal antibodies for
staining the blast cells using flowcytometry FACSCanto
II (BD Bioscience, USA). In order to confirm or refute
the diagnosis of AML, markers were employed including;
CD2,CD3,CD7,CD13,CD14, CD33, CD36, MPO, CD45,
CD117, CD 41, CDé61, and CD64, CD4, CD5, CDI0,
CD19, CD34 and HLA-DR. All monoclonal antibodies
which were brought from Beckman Coulter, USA. The
FACS Canto II and Navios EX 3L/10C (S.N.BF22S40)
(Beckman Coulter, USA) flow cytometry and the FACS
Diva and Kaluza analysis software were used respectively.
The 2010 European Leukemia Network (ELN) guideline
was followed when defining the response to chemotherapy
(22). This study includes 40 newly diagnosed (AML-ND)
patients, 13 incomplete remission (AML-IR) patients, and
12 complete remission (AML-CR) patients.

For detection of LSC population, 2 mL of fresh blood
were collected from patients with AML to quantify the LSCs

with a Becton Dickinson FACSCalibur™ flow cytometer
(San Jose, CA, USA). Following the staining of 100 pL of
blood with 10 pL of phycoerythrin (PE) conjugated anti-
CD38 and 10 pL of fluorescein isothiocyanate conjugated
anti-CD34 (Bioscience, USA), the samples were allowed
to sit at room temperature for 15 minutes. Then red blood
cells (RBCs) were lysed using RBCs lysis buffer, then
washed using phosphate buffered saline following the
incubation period. Accordingly, Kaluza analysis software,
and FACS acquisition and analysis were conducted to
analyze the expression level of CD34 and CD38 to detect
LSC population. Meanwhile, the CD34+CD38+progenitor
cells and CD34+CD38-stem cells represented the
proportion of all blast cells (Figure 1).

Statistical analysis

Median + interquartile range (IQR), was conducted to
express quantitative data. The quantitative data’s normality
was confirmed using the Shapiro-Wilk test. The Kruskal-
Wallis test, pairwise comparison test, and Mann-Whitney
U test were employed to assess the group differences.
Spearman’s correlation coefficient test was conducted to
establish correlation between non-normally distributed
data. All statistical tests employed in the investigation were
conducted at a significance level of 5%. Version 26 of IBM
SPSS Statistics for Windows was conducted to analyze the
data.

Results
Table 1 shows the laboratory and demographic data of
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Figure 1. Flowcytometry analysis of LSC and progenitor cells in three
representative cases.
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Table 1. Laboratory and demographic data of patient’s groups

Parameter AML-ND AML-IR AML-CR
(n=40) (n=13) (n=12)
Age (year) 35.5(21) 30(17.5) 29.5 (16.75)
Blasts % 68.8 (13.93) 8(14) 2.7(0.82)
WBCs (10°/pL) 44.75 (67.63) 6.1(5.19) 6.35 (1.5)
Platelets (10%/uL) 44.5 (64.33) 294.36 (237) 414 (149.5)
Hemoglobin (g/dL) 8.7 (2) 10.4 (2.35) 10.78 (1.42)

Demographic data of AML-ND (n=40)

Fever 40%
Hepatomegaly 27.5%
Hepatosplenomegaly 12.5%
Anemia 40%
Other 47.5%

All data is expressed as median (IQR). Demographic data is expressed in
percentage.

Abbreviations: Newly diagnosed AML (AML-ND), complete remission (AML-
CR), and incomplete remission (AML-IR).

the patient groups. We followed up 40 AML-ND patients
(27 males and 13 females) after induction chemotherapy.
Thirteen patients (32.5%) were in incomplete remission
(AML-IR). Twelve patients (30%) achieved complete
remission (AML-CR). The rest of the patients (37.5%)
died before completing the induction chemotherapy.

Comparison of CD34+CD38-stem cells and CD34 + CD38
+ progenitor cells levels among AML-ND, AML-IR and
AML-CR patient groups

Figure 2 shows a comparison between the level of
CD34+CD38-stem cells within the three groups
(AML-ND, AML-IR and AML-CR). Results revealed a
statistically significant decline (P <0.001) in CD34+CD38-
stem cell levels expression after induction chemotherapy
compared to their levels at diagnosis. However, there was
no statistically significant change in CD34+CD38-stem
cell levels of expression between AML-IR and AML-CR
groups.

Figure 3 shows a comparison between levels of
CD34+CD38+progenitor cells within the three groups
(AML-ND, AML-IR and AML-CR). Results showed a
statistically significant decline (P=0.007) in CD34+/
CD38+progenitor cells after induction chemotherapy
compared to their levels at diagnosis. However, there was no
statistically significant change in CD34+CD38+progenitor
cells level of expression between AML-IR and AML-CR
groups.

Correlation between CD34+CD38-stem cells, CD34 +
CD38+progenitor cells levels and laboratory data among
patient groups AML-ND, AML-IR, and AML-CR

In the AML-ND group, there was a statistically significant
positive correlation between age and CD34+CD38-stem
cells, and a statistically significant negative correlation
between CD34+CD38+progenitor cells and hemoglobin
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Figure 2. A comparison among levels of CD34+CD38-stem cell expression
within the AML-ND, AML-IR, and AML-CR patient groups. % indicates a
statistically significant difference (P< 0.05) between AML-IR group and AML-
ND group. = indicates a statistically significant difference (P < 0.05) between
AML-CR group and AML-ND group. Abbreviations: Newly diagnosed AML
(AML-ND), complete remission (AML-CR), and incomplete remission (AML-
IR).
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Figure 3. A comparison among levels of CD34+CD38+progenitor cell
expression within AML-ND, AML-IR, and AML-CR patient groups. The Kruskal-
Wallis test, pairwise comparison test was used. x indicates a statistically
significant difference (P< 0.05) between AML-IR group and AML-ND group.
#x indicates a statistically significant difference (P<0.05) between AML-CR
group and AML-ND group. Abbreviations: Newly diagnosed AML (AML-ND),
complete remission (AML-CR), and incomplete remission (AML-IR).

levels. In the AML-IR group, CD34+CD38+progenitor
cells exhibited a statistically significant positive correlation
with monocytes and statistically significant negative
correlation with myelocytes. Moreover, promyelocytes
and CD34+CD38-stem cells had a statistically significant
negative correlation, while hemoglobin and CD34+CD38-
stem cells had a statistically significant positive correlation.
In the AML-CR group, CD34+CD38-stem cells and
hemoglobin had a statistically significant negative
correlation as shown in Table 2.

Discussion
Leukemic stem cells are believed to be strong predictors
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Table 2. Correlations between CD34+CD38+progenitor cells and CD34+CD38-stem cells, and laboratory parameters

Parameter AML-ND (N=40) AML-IR (N=13) AML-CR (N=12)
CD34+ CD38- CD34+ CD38+ CD34+ CD38- CD34+ CD38+ CD34+ CD38- CD34+ CD38+
Age (vear) r=0.359" r=0.146 r=0.216 r=0.135 r=-0.5 r=0.164
o P=0.023 P=0312 P=0479 P=0.661 P=0.098 P=0.651
Blasts % r=-0.058 r=-0.013 r=0.026 r=0.141 r=-0.077 r=0.057
? P=0.723 P=0.936 P=0.932 P =0.646 P=0.813 P=0.862
=-0.067 =-0.112 =0.414 =0.08 =0.105 =-0.120
WBCs (10%4L) ' ’ ' ' ’ ’
P=0.679 P=0.491 P=0.16 P=0.795 P=0.746 P=0.711
=-0.092 =-0.184 =-0.185 =-0.477 =-0.288 =-0.222
Platelets (10°/uL) ' ' ' ' ' '
P=0.574 P=0.255 P =0.545 P=0.1 P=0.365 P=0.489
=-0.068 =-0.037 =0.555" =0.121 =-0.68" =-0.519
Hemoglobin (g/dL) ' ! ' ! ! '
P=0.677 P=0.019" P =0.049 P=0.693 P=0.015 P=0.084
r=-0.241 r=-0.193 r=-0.679 r=-0.465 r=-0.157 r=0.049
Promyelocytes%
P=0.134 P=0.232 P=0.011 P=0.109 P=0.625 P=0.879
r=0.043 r=-0.01 r=-0.024 r=-0.561* r=0.149 r=-0.053
Myelocytes %
P=0.792 P=0.95 P=0.938 P =0.046 P =0.645 P=0.87
. r=0.144 r=-0.026 r=0.332 r=0.003 r=-0.545 r=-0.069
Neutrophils %
P=0377 P=0.875 P=0.268 P=0.993 P =0.067 P=0.831
r=0.152 r=0.006 r=-0.053 r=0.141 r=-0.144 r=0.2
Lymphocytes%
P=0.349 P=0.972 P=0.864 P=0.647 P=0.656 P=0.534
r=0.003 r=0.128 r=0.306 r=0.796" r=0.129 r=-0.029
Monocyte%
P =0.985 P=0.432 P=0.309 P =0.001 P=0.69 P=0.928
. . r=-0.133 r=-0.111 r=-0.427 r=-0.097 r=-0.173 r=0.401
Eosinophils%
P=0.413 P=0.496 P=0.145 P=0.751 P=0.591 P=0.196
Basophils% r=-0.063 r=-0.211 r=0.201 r=0.127
I
phisTe P=0.701 P=0.19 P=0511 P=0.679

Data is expressed as Spearman’s correlation coefficient (r). « represents a statistical significance at the level of 0.05. «x represents statistical significance at the level
of 0.01. Abbreviations: Newly diagnosed AML (AML-ND), complete remission (AML-CR), and incomplete remission (AML-IR).

of AML clinical outcomes and is associated with poorer
outcomes, such as remission and survival, in AML patients
(19,23). CD34+CD38-stem cells may be the reason for
AML treatment failure because of their chemotherapy-
resistant characteristics (21,23). Besides, it is critical to
determine whether putative LSCs will withstand therapy
for the purpose of therapeutic treatment and patient
survival (24,25). More knowledge of LSCs will enable
the development of more potent treatments (14). This
study aimed to evaluate the levels of CD34+CD38-stem
cells in AML patients at diagnosis and after induction
chemotherapy.

In this study, 65 AML patients’ samples were included.
In terms of demographic information, patients enrolled
in the study varied in age from 18 to 61 years old, with a
mean age of 35.5 years. Pervious research carried out in
Upper Egypt on 170 patients with AML revealed that the
patients were between the ages of 18 and 69, with a mean
age of 49. The ratio of male to females was a modest 1:1.36
(6).

Figures 2 and 3 compare the levels of CD34
+CD38+progenitor cells, and CD34+CD38-stem cells
within AML-ND, AML-IR and AML-CR patient groups.
Results revealed a statistically significant decline in
CD34+CD38+progenitor cell, and CD34+CD38-stem cell
levels in AML-IR and AML-CR groups compared to AML-
ND group. This result indicates the efficacy of induction
chemotherapy to eradicate CD34+CD38+progenitor

cells, as well as CD34+CD38-stem cells. Hence, these
flow cytometry markers are considered to be a helpful,
independent and sensitive follow up and predictor
markers for chemotherapy outcome (20,27,28). However,
no statistically significant difference was observed in
levels of CD34+CD38+progenitor cell or CD34+CD38-
stem cell among AML-IR and AML-CR groups. This
result supports the growing-up hypothesis that suggests
a small fraction within LSCs (but not the bulk of them)
is responsible for resistance and relapse and requires
additional chemotherapy cycles (16,20,27,28).

Table 2 shows a statistically significant positive
correlation between age and CD34+CD38-stem cells,
which indicates a poor response with older patients in the
AML-ND group. A pervious study results showed that age
is a reliable predictive factor on its own in AML and CD38
is decreased in elderly patients (older than 60 years) (20). In
addition, CD34+CD38+progenitor cells and hemoglobin
showed a statistically significant negative correlation. In
AML-IR group, CD34+CD38+progenitor cells exhibited
a statistically significant positive correlation with
monocytes and statistically significant negative correlation
with myelocytes. This result indicates the improvement of
maturation in bone marrow microenvironment of AML
after induction of chemotherapy despite not achieving
complete remission (16). In addition, CD34+CD38-stem
cells and hemoglobin level showed a statistically significant
correlation in both AML-IR and AML-CR groups.
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Low-hemoglobin levels are associated with a number
of detrimental health effects, such as decreased muscle
strength and difficulty walking, as well as an increase in
weariness, sadness and a loss in quality of life (29).

Conclusion

This study proved that flow cytometry markers CD34
and CD38 are promising helpful, follow up, and predictor
markers for AML patients on induction chemotherapy.
CD34+CD38-stem cells in AML patients are associated
with disease progression and poor survival. In order to
keep AML patients in full remission and increase their
chances of survival, medications that target LSCs should
be used in conjunction with the usual chemotherapy that
targets blasts.

Limitations of the study

This study has some limitations because of the small
sample sizes in the follow up AML-IR and AML-CR
groups. Extended follow-up research is required to prove
the presence and contribution of CD34+CD38- percentage
in AML patients with chemotherapy resistance and AML
relapse.
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