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Abstract

AIM

To evaluate the importance of the CD34+CD38- cell
population when compared to the CD34+CD38+/low and
CD34+CD38+/high leukemic cell sub-populations and to
determine its correlations with leukemia characteristics
and known prognostic factors, as well as with response to
therapy and survival.

METHODS

Two hundred bone marrow samples were obtained at
diagnosis from 200 consecutive patients with newly
diagnosed acute myeloid leukemia (AML) were studied
between September 2008 and December 2010 at our
Institution (Hematology Department, Lyon, France). The
CD34/CD38 cell profile was analyzed by multiparameter
flowcytometry approach using 8C panels and FACS
CANTO and Diva software (BD Bioscience).

RESULTS

We analyzed CD34 and CD38 expression in bone
marrow samples of 200 AML patients at diagnosis, and
investigated the prognostic value of the most immature
CD34+CD38- population. Using a cut-off value of 1%
of CD34+CD38- from total “bulk leukemic cells” we
found that a high (> 1%) level of CD34+CD38- blasts
at diagnosis was correlated with advanced age, adverse
cytogenetics as well as with a lower rate of complete
response after induction and shorter disease-free survival.
In a multivariate analysis considering age, leukocytosis,
the % of CD34+ blasts cells and the standardized
cytogenetic and molecular risk subgroups, a percentage
of CD34+CD38- leukemic cells > 1% was an independent
predictor of DFS [HR = 2.8 (1.02-7.73), £ = 0.04] and OS
[HR = 2.65 (1.09-6.43), £ = 0.03].

CONCLUSION

Taken together, these results show that a CD34/CD38
“backbone” for leukemic cell analysis by multicolour
flowcytometry at diagnosis provides useful prognostic
information.

Key words: CD34+CD38-/low; Immunophenotyping;
Leukemic stem cells; Acute myeloid leukemia; Prognosis

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We analyzed the bone marrow samples of 200
acute myeloid leukemia (AML) patients at diagnosis
by multicolour flow cytometry and investigated the
prognostic value of the most immature CD34+CD38-
population. We showed that a higher then > % level of
CD34+CD38- blasts at diagnosis was an independent
predictor of disease free survival (DFS) and overall survival
in @ multivariate analysis considering age, leukocytosis,
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the % of CD34+ blasts cells, cytogenetic and molecular
risk subgroups. Despite heterogeneity and complexity of
AML leukemia stem cells, we could still use CD34+CD38-
quantification at diagnosis as useful complementary
prognostic parameter for risk-stratification AML patients in
future clinical trials.

Plesa A, Dumontet C, Mattei E, Tagoug I, Hayette S, Sujobert
P, Tigaud I, Pages MP, Chelghoum Y, Baracco F, Labussierre H,
Ducastelle S, Paubelle E, Nicolini FE, Elhamri M, Campos L,
Plesa C, Morisset S, Salles G, Bertrand Y, Michallet M, Thomas X.
High frequency of CD34+CD38-/low immature leukemia cells is
correlated with unfavorable prognosis in acute myeloid leukemia.
World J Stem Cells 2017; 9(12): 227-234 Available from: URL:
http://www.wjgnet.com/1948-0210/full/v9/i12/227 htm DOI:
http://dx.doi.org/10.4252/wjsc.v9.i12.227

INTRODUCTION

It has been reported that leukemic cells able to reproduce
human acute myeloid leukemia (AML) in NOD/SCID
mice are found exclusively in the CD34+CD38- cell
compartment™?, Leukemia initiating cells (LICs) or
Leukemia stem cells (LSC) in mice have shown a primitive
immunophenotype (CD34+CD38-) with similarities to
normal hematopoietic stem cells (HSCs) regardless of the
subtype of AML or the immunophenotype of the majority
of the leukemic blasts present in the bone marrow™,
However, other studies showed that LSC were exclusively
found in the CD34- compartment. Other investigators
described LSC in both the CD34- and CD34+ cell com-
partments®®,

The importance of the CD34/CD38 subpopulations in
the outcome of patients with AML remains controversial.
A high frequency of CD34+CD38- immature cell
population at the time of diagnosis has been correlated
with a higher percentage of chemotherapy-resistant cells
and minimal residual disease (MRD)®*%,

Previously, it was showed that cancer initiation
is fundamentally a dynamic, Darwinian process of
mutational diversification and clonal selection™!. Most
recently, Greaves propose a “back to Darwin” model
for leukaemia initiation and development where cells
with variable self-renewal potential or “stem cells” are
considered as the units of evolutionary diversification and
selection!!, Independent of frequency of cancer stem
cells are in any cancer, if they are the critical cells for
therapeutic targeting or control, the dilemma rising and
question if their inherent genetic variability makes them
a “moving” and therefore “elusive” target considered
as the major impediment to successful therapy for
advanced or relapsed leukaemia. Therefore, testing of
multiple new agents on the backbones of conventional
therapies will present serious challenges in the design
of futures clinical trials. There is emerging evidence that
personalized therapy will ultimately result, adapted for
each patient having a unique combination of molecular
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features characterizing his leukaemia.

Most recently, Goardon et a/'"®! investigated 74
primary human AML patient samples. They showed that
the CD34+ cells in about 80% of these cases contained
two predominant populations: One CD38-CD90-CD45-
RA+ (lymphoid-primed multipotential progenitor LMPP-
like cells) and the other CD38+CD110+CD45RA+
(representing granulocyte-monocyte progenitor GMP-
like cells). Moreover, these populations showed a
hierarchical organization: The CD38-CD45RA+ cells gave
raise the GMP-like cells but not vice versa. These results
enlarged on the previous view of AML LSC and establish
a hierarchy of leukemia populations with decreasing
frequency of LSC, implicate normal hematopoietic
progenitors, as LMPP and/or GMP as the cell of origin for
AML/LSC in the most of cases. One of the most relevant
implications of a progenitor phenotype for AML LSC
state to the critical stem cell property of self-renewal,
the acquisition of self-renewal ability in AML LSC being
an aberrant event resulting important genetic and/or
epigenetic changes. Taken together, the results of our
study emphasis that using CD34/CD38 “backbone” in
leukaemia cells analysis by multicolour flow cytometry
at AML samples at diagnosis is relatively facile method,
rapidly translate in clinical practice as complementary
prognostic factor in AML. Multicolour/multidimensional
flow cytometry represent very useful tools to identify and
characterise immunologic profile of different leukaemia
compartments using CD34/CD38/CD45 as “backbone” to
design more complex panels (8-10-14 colours) adapted
to AML diagnosis and MRD flow evaluation.

The goal of our study was to evaluate the importance
of the CD34+CD38- cell population when compared to
the CD34+CD38+/low and CD34+CD38+/high leukemic
cell sub-populations and to determine its correlations
with leukemia characteristics and known prognostic
factors, as well as with response to therapy and survival.

MATERIALS AND METHODS

Patients

Two hundred bone marrow samples were obtained at
diagnosis from 200 consecutive patients with newly
diagnosed AML were studied between September 2008
and December 2010 at our Institution (Hematology
Department, Lyon, France). All clinical trials have been
considered reviewed and approved by a suitable ethic
committee and were completed in accordance with the
Helsinki declaration of 1975. All patients signed informed
consent according to French legislation.

Multicolor flow cytometry

Briefly, EDTA-anticoagulated fresh bone marrow samples
were processed using the whole-blood lysis technique for
immunophenotypic analysis. The CD34/CD38 cell profile
was analyzed in one single tube containing the following
MoAbs: CD7 FITC (clone 8H8.1, Becton Dickinson), CD13
PE (clone L138, Becton Dickinson), CD33 PerCPcy5.5
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(clone P67.6, Becton Dickinson), and CD34 APC (clone
8G12, Becton Dickinson), CD38 PEcy7 (cloneHB7, Becton
Dickinson), CD45 APCH7 (clone2D1 Becton Dickinson),
CD19 Pacific Blue (clone SJ25-C1, Invitrogen). Data
analyses were made using FACS Diva software (BD
Bioscience). Instrument setup was regularly optimized
by analysing Calibrite beads-Rainbows 8 picks beads and
CST beads system for checking cytometer stability. The
required minimal events of CD34+ was set at 20 and the
total number events range between 100000-500000.
Isotype IgG staining was used as a negative control for
ratio rMFI evaluation. Strategy of gating was based on
two distinct analyses: CD45low/SSC total blasts and
CD34+/CD45low gated cells from total FSC/SSC viable
cells. Within CD34+ compartment we divided three
subpopulations: CD34+CD38-, CD34+CD38lo, and
CD34+CD38hi, based on intensity of CD38 expression;
FMO (Fluorescence Minus One) was used for CD38-
level, and hematogones populations for CD38hi level.
The stem cell compartment CD34+CD38- contain very
few events in some patients but these events should
tightly cluster in a FSC/SSC plot and CD45/SSC plot.
We also measured the intensity of fluorescence signal
for CD38 quantified as rMFICD38 from CD34+ gated
cells and rMFICD38 from CD45lo/SSC total blasts cells
(Supplemental Figure 1C). We evaluated a comparative
analysis between %CD34+CD38- cells and rMFI CD38
intensity in 30 normal bone marrow samples (NBM)
from 10 volunteers donors (nBM) and in 20 regenerative
bone marrow samples (rBM) from different hematologic
diseases obtained after chemotherapeutic treatment and
considered in molecular remission status. We observed
a strong linear correlation between % CD34+CD38- and
rMFI CD38 in all samples, with comparable median in
nBM and Rbm (Figure 1B) (P-value < 0.0001).

Cytogenetics risk classification and molecular charac-
teristics

Karyotypes were classified into three categories (favor-
able, intermediate, and unfavorable) according to the
Medical Research Council (MRC) classification™®. NPM1,
CEBPA, FLT3 mutations and ITD, MLL partial tandem
duplications and Evil and WT1 expression were analyzed
as previously described!**?,

Statistical analysis

R program (version 2.13) was used for statistical
analyses. Non-parametric tests were performed to test
the impact of prognostic factors. Correlation tests were
computed to compare continuous variables. Survival
curves were obtained with the Kaplan-Meier method.
Log-Rank test and Cox models were performed on overall
survival (OS) and event-free survival for univariate and
multivariate analyses, respectively. A cut-off value of 1%
was used, corresponding to the median percentage of
CD34+CD38 population contained in the total blast cell
population gated in the biparametric CD45/SSC plots in
all 200 AML patients.
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Figure 1 Survival of acute myeloid leukemia patients (without palliative) according to 1% CD34+CD38- cut-off. A: Disease free survival; B: Overall survival.

RESULTS

CD34+CD38- cell population in AML at diagnosis and
correlation with other biological parameters

The proportion of CD34+CD38- immature leukemia cells
was highly variable among the 200 adult and pediatric
AML samples included in this series with a median value
of 0.95% (range 0.01%-85.5%), with similar values in
the adult (0.99%) and pediatric (0.5%) samples. In the
adult patients, the proportion of CD34+CD38- immature
leukemia cells was significantly correlated with age, FAB
classification, cytogenetics and the expression of main
molecular markers. The intensity of CD38 expression was
significantly lower in patients older than 60 years than
in younger patients (< 60 years) (P < 0.001, data not
shown). When FAB classification was considered, we found
a higher proportion of immature CD34+CD38- leukemia
cells in MO and M7 AML as compared to the other subtypes
(Supplemental Figure 1A). The CD34+CD38- immature
leukemic cell frequency was significantly higher in patients
with unfavorable karyotypes than in those with favorable
cytogenetics (excluding APL) or those with intermediatel-
risk cytogenetics (P < 0.001). The proportion of
CD34+CD38- cells was significantly higher in the NPM1-
FLT3ITD+ patient group than in the other groups but was
not correlated with EVI1 status (Supplemental Tables 1
and 2).

In the favourable risk group, we observed a close
correlation of % LSC (from total CD45/SSC blasts cells)
with OS and quite significant for DFS, with longer survival
for patients with lower level of CD34+CD38- LSC < 1%
(median of OS and DFS not attempt > 50%) compared
with patients where %LSC was > 1% (median of OS
21.5 mo and for DFS 10.4 mo respectively), P-value =
0.0005 and 0.06. Interestingly, in the intermediate risk
group, we observed the same significant correlation
between the frequency of most immature CD34+4CD38-
blasts cells and survival: Median of OS and DFS 12.8 mo
for patients with %LSC > 1% and not attempt for those
with %LSC < 1%); when only CD34+ compartment
was analysed, we obtained similar results, a shorter OS
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and DFS (median > 50% and 12.7 mo respectively) for
%LSC > 20% compared with not attempt (> 50%) for
patients with %LSC < 20% (P-value = 0.004 and 0.009
respectively) (Data not showed).

CD34+CD38- LSC evolution between diagnosis and
relapse
Among 109 patients in CR after induction chemotherapy,
33 relapsed (30%), with median time between diagnosis
of 10 mo™?¥, the majority from the group with higher
frequency of LSC CD34+CD38- > 1% in blasts CD45/SSC
(47%) compared with patients with LSC < 1% (20%)
(P-value = 0.006). (Data not showed). Interestingly, there
are no difference in terms of incidence of relapse between
two groups when consider LSC% from CD34+ cells,
suggested that the proportion of most immature stem cells
from whole CD45 pool leukaemia cells is most predicted
for aggressive clone than we regarded specifically
CD34+ compartment, probably affected by residual
normal HSC CD34+. There were significantly differences
between relapsed and no-relapsed patients in term of
%CD34+CD38- as % from total blasts cells (median
1.53% vs 0.45% respectively) (P-value = 0.0098) but
no difference when regarding %CD34+CD38- in CD34+
compartment (data not showed). The majority of patients
that relapsed had unfavourable (13/33) or intermediate
2 (12/33) karyotype and 6/33 were in favourable group
(3 patients with £(8;21) and 2 patients with inv16, and
one had normal karyotype but AML1/ETO positivity)
(Supplemental Table 3). Regarding molecular features,
4/33 relapsed patients had Evil overexpression, 4 patients
FLT3ITD and 3 patients NPM1 mutation. Interestingly,
most patients which relapsed had NPM1-/FLT3ITD- profile
(26/33) with median of % LSC CD34+CD38- from CD45
total blasts cells > 1% [1.62% (0.04-56.8)]. Among
33 relapsed patients, 13 received allogeneic stem cell
transplant, and 10 died for refractory disease.
Concerning favourable group, the frequency of
CD34+CD38- cells was observed slightly higher at
relapse compared at diagnosis for 4/6 patients suggested
a negative influence of most immature CD34+CD38-
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leukaemia cells level in these patients considered initially as
favourable group.

We also evaluated the %CD34+CD38- frequency
at relapse time for 26 patients with available immuno-
phenotype data for both diagnosis and relapse time, and
we compared with diagnosis level. We observed globally
an increase of the most immature stem cell compartment
at relapse in almost half of relapsed patients (12/26
patients; 46.15%) with accumulation of leukaemia blasts in
CD34+CD38- compartment or eventually clonal selection
of most immature LSC (median %LSC at relapse 2.16% vs
1.53% in diagnosis) but statistically not significantly (P-value
= 0.2). Moreover, when compared intensity of CD38 level
(express as ratio MFI of CD38/Isotype control) between
diagnosis and relapsed paired samples we observed a
significant higher expression at diagnosis total CD45/SSC
blasts cells but also in CD34+ leukaemia subpopulation
compared with relapse (median of rMFI CD38 in CD45/
SSC blasts cells 25 vs 54 and 25.7 vs 66.7 in CD34+
compartment). The level of CD34+ expression in total
blasts cells was significantly higher at relapse compared
at diagnosis with median of 94% and 77% respectively
(P-value = 0.001). These results suggest a continuous
dynamic of LSC with clonal evolution and continuous
selection in phenotype level of CD34+ leukaemia cells and
most immature self-renewal LSC.

Concerning refractory or non-responders AML pati-
ents (55/163; 33.7%); we observed a significantly
increase of median LSC CD34+CD38- levels in total
CD45/SSC blasts cells > cut-off de 1% (median of
2.1%). The majority of these refractory/non-responder
patients (34/55; 61.81%) presented at diagnosis with
higher frequency of most immature CD34+/CD38-
leukemia cells (> 1%) suggested again the major impact
of these LSC population CD34+CD38- in mechanism of
chemoresistance.

Correlation of CD34+CD38- population with patient out-
come

Induction therapy achieved CR in 67% of cases, with a
median follow-up of 7.6 mo (1-27.1) and a median time
to relapse of 10.4 mo (1.9-27.1 mo). The CR rate was
significantly higher in patients with a lower proportion
of CD34+CD38- (< 1%) than in those with higher
CD34+4CD38- (> 1%) (79% vs 52%, P = 0.0005). The
proportion of CD34+CD38- cells was significantly lower in
patients achieving CR when compared to that of those who
failed (0.53% vs 2% respectively, P = 0.0005). Similarly,
a significant difference was observed among relapsing
and non-relapsing patients regarding the percentage
of immature CD34+CD38- leukemia cell observed at
the time of diagnosis (Supplemental Figure 1B). A high
percentage of CD34+4+CD38- was significantly associated
with a shorter DFS (median DFS: 12.7 mo in patients
with CD34+4+CD38- > 1% vs not reached in patients
with CD34+CD38- < 1%) (Figure 1A) and a shorter OS
(median OS: 14 mo in patients with CD34+CD38- >
1% vs not reached in patients with CD34+CD38- < 1%)
(P = 0.03) (Figure 1B). In univariate analysis, a high
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percentage of CD34+CD38- (> 1%) was correlated with
a significantly shorter DFS (P < 0.0001) and OS (P =
0.0004) (Supplemental Table 4). In a multivariate analysis
considering age, white blood cell count, percentage of
CD34+ blasts and molecular characteristics, this factor
appeared as an independent prognostic parameter for
both DFS and OS (Table 1).

DISCUSSION

In this study, we confirmed that high stem cell frequency
based on CD34/CD38 profile at diagnosis is a prognostic
significance regarding to OS and disease-free survival
(DFS). Our data are in agreement with data previously
published by van Rhenen et af*'® showing a prognostic
impact of the proportion of the CD34+CD38- stem cell
population in 92 AML patients. Relapse of AML is thought
to originate from resistant leukemic cells, residual cells
at very few level as minimal residual disease (MRD), a
higher CD34+CD38- population has no major impact
on the CR rate and MRD after induction, but the most
resistant fractions of the CD34+CD38- compartment
seems to be selected with additional courses of chemo-
therapy. Keyhani et a/® demonstrated that patients
with AML showed a high CD38 intensity had significantly
longer CR duration and survival compared with those
with lower expression, suggesting that CD38 expression
is a potentially useful independent marker of disease
outcome. Several studies have demonstrated the
prognostic value of CD34 expression in AML leukemic
cells at diagnosis'®!, suggesting that CD34 expression
is associated with lower CR rates and a shorter OS, but
this has been not confirmed by all groups®?. In our
series, we observed any significant correlations between
CD34 expression and both OS and DFS in a multivariate
analysis. Conversely, we observed a correlation between
the percentage of CD34+CD38- leukemia cells and
the total level of CD34+ blasts cells, more immature
CD34+CD38- leukaemia cells correlating well with
total level of CD34+ blasts cells, suggested anyway
more aggressive potential of CD34 compartment when
associated with CD38 analyse. These results emphasize
the strong heterogeneity in CD34+ leukemia cells and
the need for more detailed simultaneous analyses of
CD38 combined with CD34 and quantification of the
most immature CD34+CD38- stem cell compartment.
Interestingly, we observed a very high level of CD34+
CD38- quantified in CD34+ compartment among the AML
patients with leukaemia cells negative for CD34 (< 1%),
previously considered as normal residual HSC in NPM1
mutated AML subtype™. Anyway, reduced expression
of CD38 in these CD34+ cells suggested a block in
differentiation of the residual HSC. It was demonstrated
recently™ that normal HSC in bone marrow from AML
patients were more quiescent compared to HSC in normal
healthy group, normal CD34+4CD38- cells divided less
when cultured with AML than alone, even when they
are not in direct contact with HSC suggesting a soluble
factor responsible for increased quiescence in normal
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Table 1 Impact of prognostic factors on disease free survival and overall survival

Prognostic factors

Impact of prognostic factors on overall survival OS (wo
palliatives, wo M3), n = 153

Impact of prognostic factors on disease free survival
DFS (wo palliatives, wo M3), n = 101

Univariate analysis Multivariate 95%CI HR Univariate Multivariate 95%CI HR
P value analysis P value analysis P value analysis P value

Age > 60 yr P <0.0001 P =0.02268 1.15-6.13 2.65 P=0.21 P =0.76834 0.33-225 0.87
WBC P=0.74 P =0.10429 1-1.02 1.01 P=0.13 P =0.00184 1.01-1.02 1.01
Cytogenetic risk subgroup P <0.0001
Favorable P =0.31675 0.43-13.33 24
Intermediate P =0.05414 0.97-33.01 5.66
Unfavorable
Molecular anomalies
FLT3ITD- P=0.82 P =0.70619 0.32-5.27 131
NMP1- P=0.04 P=0.01139 1.79-98.56 13.29
EVI1- P=0.89 P =0.47958 0.38-8 1.74
%CD34 of Blasts P=047 P =0.08765 1-1.03 1.01 P=0.15 P =0.95058 0.99-1.02 1
%CD34+CD38- of Blasts > 1% P =0.0001 P =0.03091 1.09-6.43 2.65 P =0.0005 P =0.04663 1.02-7.73 2.8

This analysis excluded palliative cases and M3 subtypes. OS: Overall survival; DFS: Disease free survival; WBC: White blood cell.

residual HSC, the Taussig group trying to identify this
factor. Whether this quiescent of normal residual HSC
has possible impact in prognostic of AML CD34- patients
should be confirmed in the large prospective studies.

Considering our understanding of leukemogenesis
one of the most important questions arise from the
cellular origin of the leukaemia stem cells. It was
showed previously that AML-LSC were identified and
purified in CD34+CD38- fraction cells between all bulk
blast population in AML patients, and represented the
only AML cells capable of self/renewal®*®’. Nonetheless,
importantly heterogeneity has been revealed. Recent
studies suggest that in some patients, AML-LSC could
have a progenitor phenotype CD34+CD38+ and in
patients with NPM mutation, LSC could be identified
in the CD34- fraction™”®. Recently more evidence on
the heterogeneity of AML was described in terms of
karyotype, differentiation stage of the blasts and clinical
outcome, consequently it is remarkable that AML-LSC
is more complex than previously thought, and can be
different from patient to patient but also in the same
patient regarding on the stage of disease with other
mutations acquired in the original LSC that might occur
during the development of the leukaemia, suggesting
that LSC might represent a "moving target” even in the
same patient.

Most recently, Goardon et a/'*?! investigated 74
primary human AML patient samples. It was showed that
the CD34+ cells in about 80% of these cases contained
two most frequent populations: One CD38-CD90-
CD45RA+ (lymphoid-primed multipotential progenitor
LMPP-like cells) and the other CD38+CD110+CD45RA+
(representing granulocyte-monocyte progenitor GMP-
like cells). Both corresponded to normal hematopoietic
progenitor populations rather than HSC and possess
LSC activity based on their capacity of serially transplant
the AML in immunodeficient NOD/SCID/IL2Rgamma
null mice. Moreover, these populations showed a
hierarchically organisation; whereby the CD38-CD45RA+
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cells gave rise the GMP-like cells but not vice versa.
Summary, these results enlarge on the previous view
of AML LSC and settled a hierarchy of populations
with decreasing frequency of LSC, implicate normal
hematopoietic progenitors, LMPP and/or GMP as the
cell of origin for AML/LSC in much of cases. One of the
crucial implication of a progenitor phenotype profile for
AML LSC connect to the critical stem cell property of
self-renewal, the acquisition of self-renewal ability in
AML LSC being consider as an aberrant event resulting
drum genetic and/or epigenetic features. Thereafter, the
most significant incrimination of the leukaemia stem cell
model is that to eradicate the leukaemia and cure the
patient. The final goal could be eradication of all LSC, the
analyses of gene expression data reported by Goardon
in this study would be one of the most important step
toward the identification of these LSC specific genes or
pathways.

Taken together, the results of our study emphasis
that using CD34/CD38 “backbone” in leukaemia cells
analysis by multicolour flow cytometry at AML samples
at diagnosis is relatively facile method, rapidly translate
in clinical practice as complementary prognostic factor
in AML. Multicolour/multidimensional flow cytometry
represent very useful tools to identify and characterise
immunologic profile of different leukaemia compartments
using CD34/CD38/CD45 as “backbone” to design more
complex panels (8-10-14 colours) adapted to AML
diagnosis and MRD flow evaluation, including most
specific LSC markers described previously as CLL-1,
TIM3, CD123, CD45RA, CD97, CD47, CD44, CD49f, to
better discriminate between nHSC and LSC as described
recently®*!, The origin of AML LSC is still controversy,
however all fundamental experience to elucidate the
function of stem cells are based to first in CD34/CD38
selected populations subsequent transplanted to
immunodeficient mice, suggested the importance of
CD34/CD38 analyse of all AML leukaemia cell at diagnosis
and relapse and quantification of most immature “profile”
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CD34+CD38- in all “bulk” leukaemia blasts population
as basically immunophenotype that should be used in
all leukaemia immunological evaluation, associated with
others lineage or stem cells markers.

In summary, we showed that the presence of a
CD34+CD38- subpopulation representing more than
1% of total “bulk leukemic cells” at diagnosis could help
to identify patients at risk of induction failure and poor
outcome. This method is simple, rapid and accurate
and can easily be applied to the clinical practice. Despite
heterogeneity and complexity of AML LSC we could still
use CD34+CD38- to predict patient outcome and it is
still a potential tool.

These results should be confirmed in a prospectively
larger cohort of patients and could be considered as
useful complementary prognostic parameter for risk-
stratification AML patients in future clinical trials.

COMMENTS

Background

Multicolor flow cytometry is largely used for acute myeloid leukemia (AML)
diagnosis in most of Hematology departments for lineage assessment based on
ELN and WHO 2016 guidelines. Quantification of most immature CD34+CD38-
leukemia blast cells could be easily included at diagnosis panel, this method
being simple, rapid and accurate and be applied to the clinical practice.

Research frontiers

CD34+ compartment the authors divided three subpopulations: CD34+CD38-,
CD34+CD38lo, and CD34+CD38hi, based on intensity of CD38 expression;
FMO (Fluorescence Minus One) was used for CD38- level, and hematogones
populations for CD38hi level. The stem cell compartment CD34+CD38- contain
very few events in some patients but these events should tightly cluster in a
FSC/SSC plot and CD45/SSC plot. The authors evaluated also the intensity of
fluorescence signal for CD38 quantified as rMFICD38 from CD34+ gated cells
and rMFICD38 from CD450/SSC total blasts cells.

Innovations and breakthroughs

In this study, the authors confirmed that high stem cell frequency based on
CD34/CD38 profile at diagnosis is a prognostic significance regarding to overall
survival (OS) and disease-free survival (DFS). Relapse of AML is thought
to originate from resistant leukemic cells, residual cells at very few level as
minimal residual disease (MRD), a higher CD34+CD38- population has no
major impact on the CR rate and MRD after induction, but the most resistant
fractions of the CD34+CD38- compartment seems to be selected with additional
courses of chemotherapy. The results emphasized the strong heterogeneity in
CD34+ leukemia cells and the need for more detailed simultaneous analyses
of CD38 combined with CD34 and quantification of the most immature
CD34+CD38- stem cell compartment.

Applications

Multicolour/multidimensional flow cytometry represent very useful tools to id-
entify and characterise immunologic profile of different leukaemia compartments
using CD34/CD38/CD45 as “backbone” to design more complex panels (8-10-14
colours) adapted to AML diagnosis and MRD flow evaluation, including most
specific LSC markers described previously as CLL-1, TIM3, CD123, CD45RA,
CD97, CD47, CD44, CD49f, to better discriminate between nHSC and LSC.

Terminology

Leukemia initiating cells (LICs) or Leukemia stem cells (LSC) in mice have
shown a primitive immunophenotype (CD34+CD38-) with similarities to normal
hematopoietic stem cells (HSCs) regardless of the subtype of AML or the
immunophenotype of the majority of the leukemic blasts present in the bone
marrow. However, other studies showed that LSC were exclusively found in the
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CD34- compartment. Other investigators described LSC in both the CD34- and
CD34+ cell compartments.

Peer-review
The study is well-designed and its topic is interesting.
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