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Abstract

Background: In acute myeloid leukemia (AML), the leukemia initiating cells (LICs) or leukemia stem cells (LSCs) is
found within the CD34+CD38- cell compartment. The LICs subpopulation survives chemotherapy and is most
probable the cause of minimal residual disease (MRD), which in turn is thought to cause relapse. The aim of this
study was to determine the prognostic value of the percentage of LICs in blasts at diagnosis.

Design and methods: The percentage of LICs in the blast population was determined at diagnosis using a unique
Flow-FISH analysis, which applies fluorescent in situ hybridization (FISH) analysis on flow cytometry sorted cells to
distinguish LICs within the CD34+CD38- cell compartment. Fourty-five AML patients with FISH-detectable cytogenetic
abnormalities treated with standardized treatment program were retrospectively included in the study. Correlations
with overall survival (OS), events-free survival (EFS) and cumulative incidence of relapse (CIR) were evaluated with
univariate and multivariate analysis.

Results: The percentage of LICs is highly variable in patients with acute myeloid leukemia, ranged from 0.01% to
52.8% (median, 2.1%). High LIC load (≥1%) negatively affected overall survival (2-year OS: 72.57% vs. 16.75%; P = 0.0037)
and events-free survival (2-year EFS: 67.23% vs. 16.33%; P = 0.0018), which was due to an increased cumulative
incidence of relapse (2-year CIR: 56.7% vs. 18.0%; P = 0.021). By multivariate analysis, high LIC load retained prognostic
significance for OS and EFS.

Conclusions: In the present study, we established the Flow-FISH protocol as a useful method to distinguish normal
and leukemic cells within the CD34+CD38- cell subpopulation. The high percentage of LICs at diagnosis was significantly
correlated with increased risk of poor clinical outcome.
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Background
In acute myeloid leukemia (AML), induction therapy con-
sisting of an anthracycline and cytarabine is still consid-
ered to be the gold standard regimen for younger patients,
resulting in complete remission rates of 50 to 75% [1].
However, relapse is common and the 5-year overall sur-
vival remains less than 40% even after high-dose chemo-
therapy and stem cell transplantation [2]. Relapse likely
originates from minimal residual disease (MRD) cells,
which can be detected after chemotherapy. Consequently,
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quantifying MRD in AML, using flow cytometery or
molecular procedures, is of prognostic importance: MRD
frequency after chemotherapy strongly correlates with the
incidence of relapse and survival [3-5].
Acute myeloid leukemia (AML) is a clonal hematologic

malignancy arising from a small population of leukemic
cells that initiate and propagate the disease [6,7]. These
cells are termed leukemic stem cells (LSCs) or leukemia
initiating cells (LICs), which are derived from normal
hematopoietic stem cells or from more mature myeloid
progenitors. LICs are resistant to chemotherapeutic agents
and therefore likely responsible for the outgrowth of MRD,
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which in turn is thought to cause relapse [8]. Since in this
concept the LICs are regarded as the root of MRD and
relapse, detection of leukemia initiating cells at diagno-
sis might offer prognostic value in predicting relapse of
the disease. However, LICs appear to share similar cell
phenotypic characteristics previously identified for nor-
mal HSCs, such as CD34 and CD38, several groups have
reported that some markers are differentially expressed
between the two such as CD90, CLL-1 and IL-3 recep-
tor [9-11]. It is still difficult to distinguish LICs from
their normal counterparts by flow cytometery precisely.
Previous studies have shown that the enrichment of

the CD34+ or CD34+CD38− phenotype in AML at diag-
nosis were associated with a high level of residual disease
after treatment [12,13]. In the present study, we estab-
lished a unique protocol for applying fluorescent in situ
hybridization (FISH) analysis on Fluorescence-activated
cell sorting sorted cells, and separated LICs and normal
HSCs within the CD34+CD38- cell compartment of AML
patients at diagnosis. Our study found that percentage
of FISH-positive CD34+CD38− cells greater than 1% was
strongly correlated with decreases in both events-free
and overall survival in AML patients.
Table 1 Characteristics of the 45 AML patients at diagnosis

All patients FISH + CD34

N = 45 <1%

N = 2

Gender

Male(%) 25(55.6) 10(5

Female(%) 20(44.4) 10(5

Age, Median(range) 42(14–71) 36(19–

WBC, Median(range) 14.5(0.63-143) 12.4(0.63-

PLT, Median(range) 42(4–191) 28(4–1

BM blast% 58(18–96) 52.5(20–

FAB subtype

M1 5 2

M2 18 10

M4 12 5

M5 9 3

M6 1 0

Cytogenetics risk

Favorable 24 10

Intermediate 12 6

Poor 9 4

FLT3 mutations (%) 5(11.1) 2(10

Allo-HSCT(%) 14(31.1) 6(30

Patients were stratified into favorable (cases with t(8;21), or inv(16), excluding comp
unrelated abnormalities, t(6;9) or 11q23 abnormalities [excluding t(9;11)]), and inter
Methods
Patients
In this study we included 45 de novo AML patients
(25 male, 20 female) with a median age of 42 years
(range, 14–71), admitted in the Institute of Hematology,
Changhai hospital, between June 2010 and October 2012
(Table 1). Patients with a history of myelodysplastic
syndrome or therapy-related AML as well as acute pro-
myelocytic leukemia were not included. The patients
had the following cytogenetic abnormalities: t(8; 21)
(n = 22), inv(16) (n = 6), trisomy 8 (n = 5), MLL rearrange-
ment (n = 3), trisomy 21 (n = 2), 7q- (n = 2), 9q- (n = 2)
and t(6;9) (n = 1). (Additional file 1: Table S1) All research
samples represented excess bone marrow collected at
diagnosis. The present study was approved by the
Changhai Hospital Institutional Review Board and signed
informed consent was obtained from each patient in
accordance with the Declaration of Helsinki.

Treatments
Induction treatment comprised Daunorubicin (DNR) at
45–60 mg/m2/d or Idarubicin (IDA) at 8-10 mg/m2/d by
30-minute IV infusion on days 1 to 3 and Cytarabine
+ CD38- FISH + CD34 + CD38- P value

≥1%

0 N = 25

0) 15(60) 0.557

0) 10(40)

71) 45(14–66) 0.5600

125.24) 14.9(1.7-143) 0.9091

91) 48(16–157) 0.198

94.5) 62(18–96) 0.265

0.694

3

8

7

6

1

0.894

14

6

5

) 3(12) 1

) 8(32) 1

lex cytogenetic), poor (cases with complex cytogenetic changes three or more
mediate (cases with t(9;11), trisomy 8, 7q-, 9q-, or trisomy 21) risk groups.
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(Ara-C) at 100 mg/m2/d by continuous IV infusion from
days 1 to 7 (DA regimen). In patients not reaching CR
after 2 courses of DA, a salvage course (FLAG), con-
sisted of five days of treatment with a 30-minute infusion
of fludarabine (Flu) 30 mg/m2/d followed, four hours later,
by a 4-hour infusion of Ara-C 2 g/m2/d, was given. Gran-
ulocyte colony-stimulating factor (G-CSF) 300 μg/day s.c.
was administered 12 hours before starting fludarabine,
for five days and then continued after the end of therapy
until myeloid recovery. Patients reaching CR then
received 4 monthly consolidation cycles with Ara-C at
2 g/m2/12 h by 2-hour IV infusion for 3 days, followed
by G-CSF starting at day 8 or neutrophile counts less
than 1 × 109/L until neutrophil recovery. Patients with
CNS disease received triple intrathecal infusions (metho-
trexate 10 mg, cytarabine 50 mg, dexamethasone 5 mg)
twice a week until disappearance of blast cells in the
cerebrospinal fluid. Patients were candidates for allogen-
eic hematopoietic stem cell transplantation (allo-HSCT)
in first CR if they had a matched sibling or ≥9/10 HLA
allele fully matched unrelated donor. Standard myeloa-
blative or reduced-intensity conditioning regimens were
allowed, depending on the patient age and health status.
Of all patients, 14 patients received allo-HSCT during
the follow-up period.
Flow cytometry and cell sorting
Mononuclear cells (MNCs) were isolated from bone mar-
row aspirates, collected at diagnosis, by density gradient
centrifugation (Ficoll-Paque, GE Healthcare Life Sciences).
The experiments were done on fresh cells. Primary AML
cells were washed and resuspended into 100 μl of cold
(4°C) Phosphate Buffered Saline solution (PBS) + 2%
fetal calf serum (FCS) and incubated for 30 minutes
on ice with combinations of fluorescein isothiocyanate-
(FITC), Peridinin-Chlorophyll-Protein Complex-Cy5.5-
(PerCP-CY5.5), phycoerythrin- (PE), phycoerythrin-Cy7-
(PE-CY7), allophycocyanin (APC)-labeled monoclonal
antibodies (MoAbs). Anti-CD45 PerCP-CY5.5, anti-CD19
APC, anti-CD7 FITC, anti-CD33 PE-CY7, anti-CD13 PE,
anti-CD10 APC, anti-CD34 FITC, anti-HLA-DR PE-CY7,
anti-CD117 PE, anti-cCD3 APC, anti-MPO FITC, anti-
cCD79a PE, anti-CD14 APC, anti-CD64 FITC, anti-CD2
PE-CY7, anti-CD11c PE, anti-CD15 FITC, anti-CD56 PE-
CY7, anti-CD66c PE, anti-CD34 APC, anti-CD11b FITC,
anti-CD38 PE-CY7 and anti-CD123 PE MoAbs were all
from BD Biosciences (San Jose, CA). After antibody stain-
ing, cells were washed with cold PBS, resuspended in 1 ml
of cold PBS and stained for 5 minutes with 2 μg/ml propi-
dium iodide (Sigma-Aldrich), enabling exclusion of dead
cells. Cells were kept on ice until fluorescence-activated
cell sorting (FACS) analysis. Data acquisition was performed
using a FACSAira flow cytometery with BD FacsDiVa
software (BD Biosciences, Franklin Lakes, NJ, USA) at
the Institute of Hematology, Flow Cytometry Core.
To sort the stem cell subpopulation, a total of 1 × 106

primary AML MNCs was stained with the following
conjugated antibodies: monoclonal PE-conjugated anti-
CD34, FITC-conjugated anti-CD38 and APC-conjugated
anti-CD45 (BD Biosciences). Gates were set to detect
the CD34+CD38- cells as shown in Figure 1. Cells were
sorted using a FACSAria flow cytometery. Cells were
kept on ice during the whole procedure. Purity of sorted
populations was >99%.

Flow-fish analysis
As part of the diagnostics for AML, chromosome analyses
(G-banding) and FISH were performed on diagnostic BM
samples of all AML patients. For Flow-FISH analysis,
1000 to 3000 cells from CD34 + CD38- cell subpopula-
tion were directly sorted into 20 μL drops of PBS that
were placed on a grease-free glass slide. The cells were
then fixed with 3:1 methanol-glacial acetic acid (Sigma-
Aldrich). Air-dried slides were analyzed by FISH in our
laboratory, using probes specific for the patient’s known
cytogenetic abnormality (Abbot Molecular).
Probes were denatured and hybridized according to

manufacturer’s instructions. For evaluation of the Flow-
FISH results, hybridization and deletion signals were scored
in 500 interphase nuclei with an Axioscop 20 (Carl Zeiss,
Jena, Germany) fluorescence microscope with three single-
band-pass filters and one triple-band-pass filter. The images
were captured with a digital camera using CytoVision 4.1
software (Applied Imaging Corp., Newcastle, U.K.). Results
were expressed as percentage FISH-positive cells relative to
number of cells analyzed.

Statistics
Complete response and relapse rates were defined accord-
ing to the Cheson criteria [14]. Pair-wise comparisons be-
tween patients’ characteristics (covariates) were performed
using the Mann–Whitney test or Kruskal-Wallis test for
continuous variables and with the Fisher’s exact test for
categorical variables. Overall survival (OS) was measured
from the date of diagnosis until death or last follow-up
and events-free survival (EFS) from the date of complete
remission (CR) until death, relapse or last follow-up, re-
spectively. Patients alive in complete remission were cen-
sored at the time of last contact. Overall and events-free
survival rates were estimated by the Kaplan-Meier method
and compared using the log-rank test [15]. The cutoff
value for FISH+CD34+CD38- was chosen at a percentage
that resulted in the largest difference in survival between
the two groups defined by that cutoff. In computations of
the cumulative incidence of leukemic relapse (CIR), death
and relapse were included as competing events; survival
was counted as a censored event. The CIR was compared



Figure 1 Flow-FISH strategy results for representative patients with AML1/ETO (A) (sample #9) and CBFβ/MYH11 (B) (sample #21) in
the blast population are illustrated.
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between groups using the method of Gray, with estimation
determined by the method of Kalbfleisch and Prentice [16].
Hazard ratios are given with 95% confidence intervals (95%
CI). Survival-time data (events-free survival and overall sur-
vival) and covariates (age, leukocyte count, karyotype, FLT3
mutations and percentage of CD34+CD38−FISH+ cells)
were analyzed using the method of backward Cox pro-
portional hazards regression. All calculations were per-
formed using the R 2.7.2 software package.

Results
Patient characteristics are shown in Table 1. The whole
cohort comprised 45 patients with AML with FISH-
detectable cytogenetic abnormalities. Distribution of karyo-
type was provided in Additional file 1: Table S1. After 1 or
2 courses of induction therapy, CR was obtained in 39
patients (86.7%), 2 (4.4%) was not in remission (> 20%
blast cells in the bone marrow), and 4 (8.9%) patient
died due to febrile neutropenia and sepsis during the
course of induction therapy. In the 39 patients achieving
CR, 30 (76.9%) were assigned to consolidation therapy
consisted of a four- to five-cycle (2 g/m2/12 h for 3 days)
cytarabine-based chemotherapy, while the rest 9 (23.1%)
patients received allogeneic hematopoietic stem cell
transplantation after two- or three-cycle cytarabine-based
chemotherapy. The median follow-up time for survival
was 12 months (range: 1–27). After 24 months, 12 pa-
tients (26.7%) had experienced relapse, whereas 7 patients
(17.9%) had died due to non-relapse treatment-related
complications, 3 from treatment-related complications of
transplantation and 4 from infection after chemotherapy
(Table 2).

LIC assessment by flow-fish
To distinguish normal and leukemic cells within the
CD34+CD38− cell compartment, we established a unique
protocol for conducting FISH on flow-sorted cells. Briefly,
CD34+CD38- populations from AML patients at diagnosis
with FISH-detectable cytogenetic abnormalities were sorted
onto glass slides. We could sort as few as 1000 cells on
slides, from which at least 500 cells were successfully
scored by FISH. Results were calculated as the percentage
of FISH-positive cells relative to number of cells analyzed,
and the median level was 68.2% (range, 7.8%-89.6%).



Table 2 The treatment outcome according to LIC Level

Characteristics Low LIC load High LIC load P value

N = 20 N = 25

Failure of induction therapy 2(10%) 4(16%) 0.678

Overall CR 18(90%) 21(84%) 0.678

Overall relapse 2/18(11.1) 10/21(47.6) 0.018

Treatment-related mortality 2/18(11.1) 5/21(23.8) 0.418

2-year OS 0.7257[0.4082, 0.8916] 0.1675[0.0323, 0.3947] 0.000

2-year EFS 0.6723[0.3262, 0.8687] 0.1633[0.0328, 0.3825] 0.003

2-year CIR 56.7% ± 5.1% 18.0% ± 1.5% 0.021

Figure 2 Comparison of overall survival (A) and events-free
survival (B) of AML patients according to FISH + CD34 + CD38-
percentage. A FISH+CD34+CD38- percentage of over 1% was
found to be significantly associated with decreased OS and EFS.
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Results for representative patients (Patient #9 AML1/ETO;
Patient #21 CBFβ/MYH11) are illustrated in Figure 1.

Outcome according to LIC levels
The percentage of leukemia initiating cells (FISH+CD34+

CD38-) was then quantified as the value of the percent-
age of FISH-positive cells multiplies the percentage of
CD34+CD38-cells in the blast (CD45dimSSClow). The
percentage of FISH+CD34+CD38- cells was evaluated in
45 primary AML samples at diagnosis. The median ex-
pression of CD34+CD38- was 3.3% in the blast (range,
0.1–52.8%). The FISH+CD34+CD38- cells were rare in
the newly diagnosed AML patients, constituting a median
of only 2.31% (n = 45, range, 0.01%-29.4%) of the total blast
cells. According to the LIC level detected by Flow-FISH
analysis, patients were categorized into the two groups: low
LIC (<1%) and high LIC (≥1%), representing 44.4% and
55.6% of all patients, respectively. The clinical character-
istics of the patients are provided in Table 1. Compari-
son of clinical and laboratory characteristics showed no
significant differences between two groups in age, gen-
der, white blood cell (WBC) count, platelet (PLT) count,
blast percentage, FAB subtype distribution, FLT3 muta-
tion status and cytogenetics risk at diagnosis (Table 1).
To determine the prognostic impact of detecting LIC

load at diagnosis, we analyzed the treatment outcome
for 45 patients enrolled in a standardized treatment pro-
gram (Table 2). The 2-year overall survival for patients
with low LIC load was 0.7257[0.4082, 0.8916], compared
with 0.1675[0.0323, 0.3947] for the patients with high
LIC load (P = 0.0037). And 2-year events-free survival were
0.6723[0.3262, 0.8687] versus 0.1633[0.0328, 0.3825],
respectively (P =0 .0018) (Figure 2).
Events, including relapse and death, were more frequent

in patients with a high LIC load. Among 21 patients who
received CR with a high LIC load, 10 (46.7%) experienced
a relapse; among 18 patients who achieved CR with a low
LIC load, 2 (11.1%) experienced relapse (P = 0.018). 5
treatment related death (TRD) (23.8%) occurred in the
21 patients who achieved CR with a high LIC load,
whereas 2 TRD (5.6%) occurred in the 18 patients who
received CR with a low LIC load (P = 0.418). The esti-
mated 2-year cumulative incidence of leukemic relapse
for patients with high LIC load was 56.7% ± 5.1% versus



Figure 3 Cumulative incidence of relapse. A FISH+CD34+CD38-

percentage of over 1% was found to be significantly associated with
higher CIR.
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18.0% ± 1.5% for patients with low LIC load (P = 0.021)
(Figure 3).

Multivariate analysis of the prognostic value of flow-fish
In a univariate analysis of recognized prognostic factors,
including age, FLT3 mutation status, leukocyte count,
cytogenetics and allo-HSCT, cytogenetics were found to
be significantly associated with overall survival (P = 0.01),
whereas the leukocyte count, age, karyotype, FLT3 muta-
tion status and allo-HSCT had no impact on events-free
survival. We next performed a multivariate Cox propor-
tional hazards model for OS and EFS, a percentage of LIC
load of over 1% at diagnosis remained the significant pre-
dictor of outcome (P = 0.003 for OS; P = 0.004 for EFS)
(Tables 3 and 4).

Discussion
AML is a highly heterogeneous disease from the biological
and clinical standpoint, for which prognostic factors have
become increasingly important in the choice and planning
Table 3 Analysis of covariates associated with overall surviva

Univariate analysis

P

95

Age 0.085 2.176[0

FLT3 mutation 0.363 0.486[0

WBC≥ 50 × 109 0.250 1.763[0

Cytogenetics 0.010 2.046[1

Allo-HSCT 0.228 1.810[0

FISH + CD34 + CD38-≥ 1% 0.009 4.319[1.

P of the univariate analysis is the P value of the log rank test. HR is the value of the
from 45 patients were complete and were included in the Cox proportional-hazard
of therapeutic procedures. Currently, cytogenetic and mo-
lecular aberrations are the best prognostic indicators for
AML patients [17]. However, these factors predict primar-
ily for groups of patients and cannot prognosticate well
for individual patients within any given risk strata. For
example, CBF cytogenetic abnormalities are generally
considered favorable; yet approximately half of these
patients relapse [18-20]. So, new prognostic tools based
on biological analyses need to be developed.
AML is regarded as a stem cell disease, and the failure

of chemotherapy in eradicating primitive leukemia initiat-
ing cells likely contributes to the relapse of AML. Numer-
ous studies have emphasized the correlation between the
enrichment of the CD34+CD38- phenotype in AML at
diagnosis and a high level of residual disease after
treatment [12,13]. And it is generally accepted that
CD34+CD38- cells are enriched for LICs, however, this
population is heterogeneous and includes both normal
and leukemic stem cells. In this regard, measure of
“real” LICs promises to serve as a powerful, individu-
alized prognostic tool, enhancing delivery of risk-adapted
therapies. Recent data have generated important advances
in the field, including the identification of novel leukemia
initiating cells-specific cell surface antigens. Several stud-
ies have showed that the aberrant expression of specific
markers on the cell surface of leukemia progenitors is
characteristic for LIC, differentiating them from their nor-
mal counterparts, including CD90, CD123, CLL-1, CD96,
CD47, Tim3 and so on [8-11]. However, aberrant marker-
positive CD34+CD38- cells at diagnosis are partly of ma-
lignant origin, while the corresponding marker-negative
population is not totally of normal origin. For example,
Rhenen et al. reported that CD123 seems not very useful
in leukemic stem cell detection due to the high expression
of CD123 in normal control samples [21].
In the present study, we established the Flow-FISH

protocol as an effective method to distinguish normal
and leukemic cells within the CD34+CD38- cell subpopula-
tion. As leukemic cytogenetic marker was never present in
l

Cox regression

HR P HR

% CI 95% CI

.898, 5.276] 0.562 1.393[0.454, 4.278]

.103, 2.297] 0.644 0.639[0.096, 4.275]

.670, 4.636] 0.105 2.844[0.802, 10.085]

.190, 3.519] 0.068 1.914[0.953, 3.846]

.689, 4.754] 0.015 4.581[1.338, 15.684]

436, 12.987] 0.003 7.048[1.918, 25.899]

hazard ratio. 95% CI is the 95% confidence interval of the hazard ratio. Data
s regression.



Table 4 Analysis of covariates associated with events-free survival

Univariate analysis Cox regression

P HR P HR

95% CI 95% CI

Age 0.473 1.428[0.540, 3.780] 0.914 0.933[0.265, 3.287]

FLT3 mutation 0.109 0.267[0.053, 1.340] 0.310 0.375[0.056, 2.494]

WBC ≥ 50 × 109 0.466 1.469[0.523, 4.131] 0.417 1.645[0.494, 5.484]

Cytogenetics 0.100 1.620[0.912, 2.875] 0.097 1.854[0.893, 3.847]

Allo-HSCT 0.508 1.371[0.538, 3.496] 0.092 2.674[0.853, 8.389]

FISH + CD34 + CD38- ≥ 1% 0.005 4.955[1.621, 15.148] 0.004 6.354[1.806, 22.356]

P of the univariate analysis is the P value of the log rank test. HR is the value of the hazard ratio. 95% CI is the 95% confidence interval of the hazard ratio. Data
from 39 patients were complete and were included in the Cox proportional-hazards regression.
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normal counterparts, we could get the reliable result of
“real” LIC load in leukemic burden through Flow-FISH ana-
lysis for patients with recurrent cytogenetic abnormalities.
We showed that this leukemia initiating cells subpopulation
was not so rare in patients, and we found that FISH+CD34+

CD38− cells ranged from 0.01% to 52.8% in the bulk of
blasts. Although the results of the present finding need to
be confirmed in a larger cohort, our data do show that a
high LIC load at diagnosis determines a high relapse rate of
leukemia and a poor clinical outcome. A percentage of
FISH+CD34+CD38− cells of more than 1% is strongly asso-
ciated with reduced OS and EFS suggesting that residual
disease is likely to be high in these patients. Hence, the as-
sessment of the level of FISH+CD34+CD38− cells at diagno-
sis could help clinicians to identify patients as an effective
prognostic indicator in AML with recurrent chromosomal
abnormalities, eg. CBF-AML (Data not shown), and thereby
refining the selection of therapeutic strategies and, possibly,
long-term clinical outcome.
This ability to distinguish these cell populations offers

the potential to simultaneously observe the efficacy of
chemotherapy drugs against putative LICs and their tox-
icity against normal HSCs. It may also facilitate better
identification of therapeutic targets. Recently, Minderman
et al. reported a unique technology to perform FISH in
suspension [22]. The ability to visualize and perform
photometric/morphometric analysis of imagery from
tens of thousands of cells thus combines quantitative
image analysis with the statistical power of flow cytome-
try, may further enhance the sensitivity and specificity
of LIC detection.
To the best of our knowledge, Flow-FISH is used, for

the first time, to detect LIC subpopulation in human
bone marrow samples. In accordance with our results,
high levels of “real” LIC load detected at diagnosis in
AML patients treated with standard chemotherapy, was
significantly correlated with increased risk of poor clinical
outcome. However, it is still not clear if the prognostic
value of the LIC load detected with Flow-FISH is associated
with the risk stratification of the associated cytogenetic
abnormality and other known gene mutations such as
FLT3-ITD because, most probably, of the limited cases
in this cohort. Future larger cohort studies should solve
this issue. In conclusion, Flow-FISH discrimination of
leukemic and normal candidate stem cells could be used
as a powerful tool to predict clinical outcome and help
physicians to evaluate criteria for treatment in AML
with recurrent cytogenetic abnormalities.

Findings
Flow-FISH protocol was a useful method to distinguish
normal and “real” leukemic initiating cells within the
CD34+CD38- cell subpopulation. And high LIC Load at
diagnosis was significantly correlated with increased risk
of poor clinical outcome.

Additional file

Additional file 1: Table S1. FISH-detectable cytogenetic abnormalities
of the 45 patients included in this study.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
LW collected and verified patient information, analyzed and interpreted data,
and wrote the manuscript; LG analyzed data, performed statistical analysis
and verified patient information; SX and ML performed cell sorting and MRD
monitoring by flow cytometry; SG and HQ performed FISH; HQ, XX, XN, LC,
SL, JC, XS, WZ, and JY performed diagnosis and treatment for patients; JW
and XH designed research, interpreted data, and critically reviewed the
manuscript. All authors read and approved the final manuscript.

Funding
The work was supported with the grants from National Natural Science
Foundation of China (81090413, 81270567, 81300416), Special Research Fund
of the Ministry of Health (201202017) and sponsored by Scholarship from
Shanghai Health Bureau (XYQ2011007).

Received: 30 July 2013 Accepted: 16 October 2013
Published: 7 November 2013

http://www.biomedcentral.com/content/supplementary/1756-8722-6-85-S1.docx


Wang et al. Journal of Hematology & Oncology 2013, 6:85 Page 8 of 8
http://www.jhoonline.org/content/6/1/85
References
1. Fernandez HF, Sun Z, Yao X, Litzow MR, Luger SM, Paietta EM, Racevskis J,

Dewald GW, Ketterling RP, Bennett JM, Rowe JM, Lazarus HM, Tallman MS:
Anthracycline dose intensification in acute myeloid leukemia. N Engl J
Med 2009, 361:1249–1259.

2. Buchner T, Schlenk RF, Schaich M, Dohner K, Krahl R, Krauter J, Heil G, Krug U,
Sauerland MC, Heinecke A, Spath D, Kramer M, Scholl S, Berdel WE,
Hiddemann W, Hoelzer D, Hehlmann R, Hasford J, Hoffmann VS, Dohner H,
Ehninger G, Ganser A, Niederwieser DW, Pfirrmann M: Acute myeloid
leukemia (AML): different treatment strategies versus a common standard
arm–combined prospective analysis by the German AML intergroup. J Clin
Oncol 2012, 30:3604–3610.

3. Leung W, Pui CH, Coustan-Smith E, Yang J, Pei D, Gan K, Srinivasan A,
Hartford C, Triplett BM, Dallas M, Pillai A, Shook D, Rubnitz JE, Sandlund JT,
Jeha S, Inaba H, Ribeiro RC, Handgretinger R, Laver JH, Campana D: Detectable
minimal residual disease before hematopoietic cell transplantation is
prognostic but does not preclude cure for children with very-high-risk
leukemia. Blood 2012, 120:468–472.

4. Yin JA, O’Brien MA, Hills RK, Daly SB, Wheatley K, Burnett AK: Minimal residual
disease monitoring by quantitative RT-PCR in core binding factor AML
allows risk stratification and predicts relapse: results of the United Kingdom
MRC AML-15 trial. Blood 2012, 120:2826–2835.

5. Takahashi S: Current findings for recurring mutations in acute myeloid
leukemia. J Hematol Oncol 2011, 4:36.

6. Bonnet D, Dick JE: Human acute myeloid leukemia is organized as a
hierarchy that originates from a primitive hematopoietic cell. Nat Med
1997, 3:730–737.

7. Eppert K, Takenaka K, Lechman ER, Waldron L, Nilsson B, van Galen P,
Metzeler KH, Poeppl A, Ling V, Beyene J, Canty AJ, Danska JS, Bohlander SK,
Buske C, Minden MD, Golub TR, Jurisica I, Ebert BL, Dick JE: Stem cell gene
expression programs influence clinical outcome in human leukemia.
Nat Med 2011, 17:1086–1093.

8. Gerber JM, Smith BD, Ngwang B, Zhang H, Vala MS, Morsberger L, Galkin S,
Collector MI, Perkins B, Levis MJ, Griffin CA, Sharkis SJ, Borowitz MJ, Karp JE,
Jones RJ: A clinically relevant population of leukemic CD34(+)CD38(−)
cells in acute myeloid leukemia. Blood 2012, 119:3571–3577.

9. Vergez F, Green AS, Tamburini J, Sarry JE, Gaillard B, Cornillet-Lefebvre P,
Pannetier M, Neyret A, Chapuis N, Ifrah N, Dreyfus F, Manenti S, Demur C,
Delabesse E, Lacombe C, Mayeux P, Bouscary D, Recher C, Bardet V: High
levels of CD34 + CD38low/-CD123+ blasts are predictive of an adverse
outcome in acute myeloid leukemia: a groupe ouest-Est des leucemies
aigues et maladies du sang (GOELAMS) study. Haematologica 2011,
96:1792–1798.

10. van Rhenen A, van Dongen GA, Kelder A, Rombouts EJ, Feller N, Moshaver B,
Stigter-van Walsum M, Zweegman S, Ossenkoppele GJ, Jan Schuurhuis G:
The novel AML stem cell associated antigen CLL-1 aids in discrimination
between normal and leukemic stem cells. Blood 2007, 110:2659–2666.

11. Janssen JJ, Deenik W, Smolders KG, van Kuijk BJ, Pouwels W, Kelder A,
Cornelissen JJ, Schuurhuis GJ, Ossenkoppele GJ: Residual normal stem cells
can be detected in newly diagnosed chronic myeloid leukemia patients
by a new flow cytometric approach and predict for optimal response to
imatinib. Leukemia 2012, 26:977–984.

12. Witte KE, Ahlers J, Schafer I, Andre M, Kerst G, Scheel-Walter HG, Schwarze CP,
Pfeiffer M, Lang P, Handgretinger R, Ebinger M: High proportion of leukemic
stem cells at diagnosis is correlated with unfavorable prognosis in
childhood acute myeloid leukemia. Pediatr Hematol Oncol 2011, 28:91–99.

13. van Rhenen A, Feller N, Kelder A, Westra AH, Rombouts E, Zweegman S,
van der Pol MA, Waisfisz Q, Ossenkoppele GJ, Schuurhuis GJ: High stem
cell frequency in acute myeloid leukemia at diagnosis predicts high
minimal residual disease and poor survival. Clin Cancer Res 2005,
11:6520–6527.

14. Cheson BD, Bennett JM, Kopecky KJ, Buchner T, Willman CL, Estey EH,
Schiffer CA, Doehner H, Tallman MS, Lister TA, Lo-Coco F, Willemze R, Biondi A,
Hiddemann W, Larson RA, Lowenberg B, Sanz MA, Head DR, Ohno R,
Bloomfield CD: Revised recommendations of the international working
group for diagnosis, standardization of response criteria, treatment
outcomes, and reporting standards for therapeutic trials in acute myeloid
leukemia. J Clin Oncol 2003, 21:4642–4649.

15. Korn EL: Censoring distributions as a measure of follow-up in survival
analysis. Stat Med 1986, 5:255–260.
16. Lin DY: Non-parametric inference for cumulative incidence functions in
competing risks studies. Stat Med 1997, 16:901–910.

17. Walker A, Marcucci G: Impact of molecular prognostic factors in
cytogenetically normal acute myeloid leukemia at diagnosis and relapse.
Haematologica 2011, 96:640–643.

18. Jourdan E, Boissel N, Chevret S, Delabesse E, Renneville A, Cornillet P,
Blanchet O, Cayuela JM, Recher C, Raffoux E, Delaunay J, Pigneux A,
Bulabois CE, Berthon C, Pautas C, Vey N, Lioure B, Thomas X, Luquet I, Terre C,
Guardiola P, Bene MC, Preudhomme C, Ifrah N, Dombret H: Prospective
evaluation of gene mutations and minimal residual disease in patients with
core binding factor acute myeloid leukemia. Blood 2013, 121:2213–2223.

19. Takahashi S: Downstream molecular pathways of FLT3 in the
pathogenesis of acute myeloid leukemia: biology and therapeutic
implications. J Hematol Oncol 2011, 4:13.

20. Gelsi-Boyer V, Brecqueville M, Devillier R, Murati A, Mozziconacci MJ,
Birnbaum D: Mutations in ASXL1 are associated with poor prognosis
across the spectrum of malignant myeloid diseases. J Hematol Oncol
2012, 5:12.

21. van Rhenen A, Moshaver B, Kelder A, Feller N, Nieuwint AW, Zweegman S,
Ossenkoppele GJ, Schuurhuis GJ: Aberrant marker expression patterns on
the CD34 + CD38- stem cell compartment in acute myeloid leukemia
allows to distinguish the malignant from the normal stem cell
compartment both at diagnosis and in remission. Leukemia 2007,
21:1700–1707.

22. Minderman H, Humphrey K, Arcadi JK, Wierzbicki A, Maguire O, Wang ES,
Block AW, Sait SN, George TC, Wallace PK: Image cytometry-based detection
of aneuploidy by fluorescence in situ hybridization in suspension.
Cytometry A 2012, 81:776–784.

doi:10.1186/1756-8722-6-85
Cite this article as: Wang et al.: FISH+CD34+CD38- cells detected in
newly diagnosed acute myeloid leukemia patients can predict the
clinical outcome. Journal of Hematology & Oncology 2013 6:85.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Design and methods
	Results
	Conclusions

	Background
	Methods
	Patients
	Treatments
	Flow cytometry and cell sorting
	Flow-fish analysis
	Statistics

	Results
	LIC assessment by flow-fish
	Outcome according to LIC levels
	Multivariate analysis of the prognostic value of flow-fish

	Discussion
	Findings
	Additional file
	Competing interests
	Authors’ contributions
	Funding
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


