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Objective: MicroRNA-100 (miR-100), a small noncoding RNA molecule, acts as a tumor 

suppressor or an oncogene in different cancers. The aberrant expression of this microRNA has 

been demonstrated as a frequent event in adult patients with acute myeloid leukemia (AML), 

but little is known for pediatric AML. The aim of this study was to investigate the expression 

and clinical significance of miR-100 in pediatric AML.

Methods: The expression levels of miR-100 in bone marrow mononuclear cells were detected 

by real-time quantitative polymerase chain reaction in a cohort of 106 patients with de novo 

pediatric AML. The prognostic values of miR-100 in pediatric AML were also analyzed.

Results: Compared with normal controls, upregulation of miR-100 in the bone marrow of 

pediatric AML patients with statistically significant differences (P , 0.001) was found. The 

expression levels of miR-100 were found to be significantly higher in pediatric AML patients with 

extramedullary disease, with the French–American–British classification subtype M7, and with 

unfavorable day 7 response to induction chemotherapy (P = 0.008, 0.001 and 0.01, respectively). 

Moreover, both univariate and multivariate analyses revealed that miR-100 upregulation was 

associated with poorer relapse-free and overall survival in pediatric AML patients.

Conclusion: This is the first report demonstrating the upregulation of miR-100 in pediatric 

AML, and its association with poor relapse-free and overall survival. These results suggest that 

miR-100 upregulation may be used as an unfavorable prognostic marker in pediatric AML.

Keywords: pediatric acute myeloid leukemia, microRNA-100, real-time quantitative PCR, 

prognosis

Introduction
Acute myeloid leukemia (AML) represents a heterogeneous group of hematologic 

malignancies characterized by the uncontrolled proliferation of granulocytic, 

monocytic, megakaryocytic, or, rarely, erythroid blast cells.1 Contrary to many other 

pediatric malignancies, AML carries a very poor clinical outcome, with a disease-free 

survival of about 50% after 5 years in the most successful studies.2 Although AML 

makes up only 15%–20% of pediatric leukemia, it still accounts for .30% of deaths 

from leukemia.3 Prognostication of AML is currently dominated by clinical response to 

induction chemotherapy and cytogenetic analyses. Many clinical features such as favor-

able cytogenetics (eg, t[15;17], inv[16], and t[8;21] [1–3]) and a good initial treatment 

response are associated with a good outcome.4 However, the diagnosis encompasses 

a very heterogeneous group of leukemias with distinct response to chemotherapy.5 

The clinical outcome of pediatric AML patients with similar treatment response varies 

greatly. Apart from treatment response, the aberrant expressions of several molecules 
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are involved in prognosis in pediatric AML. For example, 

mutations in the FLT3, C-Kit, NPM1, WT1, and CEBPA 

genes are important with respect to survival and prognosis 

in pediatric AML.6,7 However, the biological determinants 

for therapy failure are still largely unknown. Therefore, it 

is necessary to identify novel and effective tumor-related 

molecules for pediatric AML in order to improve prognostic 

evaluation levels and to develop more appropriate therapeutic 

approaches.

MicroRNAs (miRNAs) are a class of small, noncoding 

RNA molecules of about 22 nucleotides that regulate protein 

expression by inhibition of translation or degradation of 

mRNA transcripts, and thus display aberrant expression pat-

terns and functional abnormalities in many human diseases, 

including cancers.8 MiRNAs constitute a number of signal-

ing pathways that play an important role in critical cellular 

processes like proliferation, differentiation, and apoptosis. 

Biological evidence suggests that the influence of miRNAs 

may be dependent on cancer type.9 Some miRNAs act as 

oncogenes by contributing to the transformed phenotype 

when expressed at high levels in cancers. These oncogenic 

miRNAs may function by suppressing tumor-suppressor 

genes.10 Some miRNAs act as tumor suppressors, and are 

weakly expressed or absent in tumors, and act by allowing 

the expression of oncogenes.10 MiRNA expression profiles 

can be used to classify specific cancers. In leukemia research, 

Zhang et al indicated that existing pediatric-associated and 

prognostic parameter–associated miRNAs could provide 

therapeutic direction for individual risk-adapted therapy for 

pediatric leukemia patients;11 Rücker et al found important 

roles of the p53–miR–34a axis in the disease progression of 

complex-karyotype AML;12 Cimmino and colleagues sug-

gested that a small genomic region in chromosome 13q14 

that is commonly deleted contained miR-15-A and miR-

16-1 genes in chronic lymphocytic leukemia;13 Lopotová 

et al14 identified a reciprocal regulatory loop between 

BCR-ABL and miR-451 as a maintenance mechanism 

of the leukemic state of chronic myeloid leukemia cells; 

and the miR–29b–1/29a cluster located at 7q32 has been 

identified as a region deleted in therapy-related AML and 

myelodysplastic syndromes.15 Regarding our interests, the 

aberrant expression of miR-100 has been found in various 

cancer cells. As a potential tumor-suppressive miRNA, the 

decreased expression of miR-100 has been found in oral 

cancer, adrenocortical cancer, hepatocellular carcinoma, 

clear-cell ovarian cancer, and bladder cancer.16–20 However, 

its expression has been demonstrated to be upregulated 

in adult patients with AML at the time of diagnosis.21 

miR-100 expression and clinical significance in pediatric 

AML remain unknown. To address this problem, in the pres-

ent study we investigated the expression level of miR-100 in 

bone marrow mononuclear cells by real-time quantitative 

polymerase chain reaction (PCR) in a cohort of 106 patients 

with de novo pediatric AML. The prognostic value of this 

miRNA in pediatric AML was also analyzed.

Materials and methods
Patients and tissue samples
Prior informed consent was obtained from the patients for 

the collection of specimens in accordance with the guidelines 

of Huai’an First People’s Hospital, China, and the study 

protocols were approved by Huai’an First People’s Hospital 

Ethics Committee. All specimens were handled and made 

anonymous according to ethical and legal standards.

One hundred and six patients with de novo pediatric AML 

were selected from the files of the Department of Pathology, 

Huai’an First People’s Hospital, China. All the patients were 

younger than 18 years of age (median 6 years) and included 

58 boys and 48 girls. The median leukocyte count at diag-

nosis was 20,606/µL (range 420–352,906/µL). According 

to the French–American–British (FAB) classif ication, 

three patients had AML M0, 62 had M1/M2, ten had M3, 

21 had M4/M5, and ten had M7. Among 26 patients with 

extramedullary disease, 21 patients had chloroma (scalp in 

ten patients, orbit in six patients, and skin in five patients), 

and five patients had central nervous system involvement 

of leukemic cells. Cytogenetic classification was performed 

according to karyotyping. All patients were assigned to one 

of three cytogenetic risk groups: favorable (inv[16], t[16;16], 

t[9;11], t[8;21]) (2,17); intermediate (normal cytogenetics 

or not classifiable as favorable or adverse); and unfavor-

able (-7, -5, del [5q], abnormal 3q, or complex karyotype) 

(2,17). Clinical characteristics of the patients with AML are 

summarized in Table 1.

The treatment for these patients was based on previous 

studies.22 Briefly, all patients with AML were treated with 

10 days of induction chemotherapy, in which the dose of 

behenoyl 1-h-d-arabinofuranosylcytosine for the last 3 days 

was modified according to the bone marrow response on day 7. 

Discontinuation of the chemotherapy was allowed in patients 

who experienced sepsis with unstable vital signs before the 

completion of the induction regimen if at least 7 days of induc-

tion chemotherapy had been provided. If complete remission 

was not achieved after the primary induction-chemotherapy 

regimen, an additional course of induction chemotherapy 

using high-dose 1-h-d-arabinofuranosylcytosine was given. 
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Once complete remission had been achieved, patients with 

an appropriate stem-cell donor received consolidation che-

motherapy until the hematopoietic stem-cell transplantation. 

An entire course of consolidation chemotherapy was given in 

patients without an appropriate stem-cell donor.

The control group consisted of 20 normal healthy children 

(3–18 years, median 6 years, eleven boys and nine girls) with 

no previous history of infection or malignancy and normal 

bone marrow morphology as demonstrated by cytological 

and histological analyses.

Real-time quantitative RT-PCR  
for miRNA
To evaluate miR-100 expression in bone marrow mono-

nuclear cells, real-time quantitative reverse transcrip-

tion (RT)-PCR for miRNA was performed in this study. 

Mononuclear cells were isolated by Ficoll–Hypaque density 

gradient centrifugation of 2 mL bone marrow samples in 

ethylenediaminetetraacetic acid from newly diagnosed 

patients and control samples. Total RNA was extracted 

using Trizol reagent (Life Technologies Corporation, Carls-

bad, CA) according to the manufacturer’s instructions. The 

miR-100 and RNU6B (as an internal control)–specific 

cDNA were synthesized from total RNA using gene-specific  

primers according to the TaqMan MicroRNA assays protocol 

(assay ID 000437; Applied Biosystems, Foster City, CA). The 

following primers were used: for RNU6B, forward primer, 

5′-CGC TTC GGC AGC ACA TAT AC-3′; reverse primer, 

5′-TTC ACG AAT TTG CGT GTC AT-3′; for MiR-100, 

5′-AAC CCG TAG ATC CGA ACT TG-3′; reverse primer: 

5′-TAC CTA TAG ATA CAA GCT TGT GCG-3′. RT condi-

tions contained, as previously described,23 10 ng of total RNAs, 

50 nmol/L stem-loop RT primer, 1 × RT buffer, 0.3 mmol/L 

each of deoxynucleotide triphosphate, 3.3 U/µL MultiScribe 

(Applied Biosystems) reverse transcriptase, and 0.3 U/µL 

RNase inhibitor. The 7.5-µL reaction volumes were incubated 

in Bio-Rad i-Cycler (Bio-Rad Laboratories, Hercules, CA) in 

a 96-well plate for 30 minutes at 16°C, 30 minutes at 42°C, 

5 minutes at 85°C, and then held at 4°C. Real-time PCR was 

performed using an Applied Biosystems 7500 real-time PCR 

system according to the protocol of a previous study.23 The 

10-µL PCR included 0.7 µL of RT products, 1 × TaqMan Uni-

versal PCR master mix, and 1 µL of primers and probe mix of 

the TaqMan MicroRNA Assays. The reactions were incubated 

in 96-well optical plates at 95°C for 10 minutes, followed by 

45 cycles of 95°C for 15 seconds and 60°C for 10 minutes. 

Relative quantification of target miRNA expression was 

evaluated using the comparative cycle threshold method. 

Table 1 Characteristics of the 106 patients with pediatric acute myeloid leukemia

Clinical variables Patients (n, %) MiR-100 expression (n, %) P

Low High

Sex
 Male 58 (54.7) 23 (39.7) 35 (60.3) 0.6
 Female 48 (45.3) 15 (31.3) 35 (68.7)
Age (years)
  .6 40 (37.7) 10 (25.0) 30 (75.0) 0.2

  #6 66 (62.3) 26 (39.4) 40 (60.6)

Leukocytes (/µL)
  .10,000 66 (62.3) 22 (33.3) 44 (66.7) 0.6

  #10,000 40 (37.7) 14 (35.0) 26 (65.0)
FAB classification
 M1–M6 96 (90.6) 35 (36.5) 61 (63.5) 0.001
 M7 10 (9.4) 1 (10.0) 9 (90.0)
Extramedullary disease
 Absent 80 (75.5) 31 (38.8) 49 (61.2) 0.008
 Present 26 (24.5) 5 (19.2) 21 (80.8)
Cytogenetics*
 Favorable 35 (33.0) 20 (20.0) 15 (80.0) 0.3
 intermediate 52 (49.1) 9 (17.3) 43 (82.7)
 Unfavorable 19 (17.9) 7 (36.8) 12 (63.2)
Day 7 response to treatment
 Favorable 65 (61.3) 26 (40.0) 39 (60.0) 0.01
 Unfavorable 41 (38.7) 10 (23.3) 31 (76.7)

Notes: *All patients were divided into three cytogenetic risk groups: favorable (inv[16], t[16;16], t[9;11], t[8;21]) (2,17); intermediate (normal cytogenetics or not classifiable 
as favorable or unfavorable); and unfavorable (-7, -5, del [5q], abnormal 3q, or complex karyotype) (2,17).
Abbreviations: MiR-100, microRNA-100; FAB, French–American–British.
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The raw data were presented as the relative quantity of target 

miRNA, normalized with respect to RNU6B. For each sample, 

all experiments were done in triplicate. Mean normalized 

gene expression ± standard error was calculated from three 

independent experiments.

Statistical analysis
SPSS version 16.0 (IBM, Armonk, NY) and SAS 9.1 (SAS 

Institute, Cary, NC) were used for statistical analysis. With 

regard to the correlation of leukemia clinical features with 

the expression level of miRNA-100, intergroup compari-

sons were performed using one-way analysis of variance 

(ANOVA). When the equal-variance test or normality test 

failed, the Kruskall–Wallis nonparametric test was applied. 

To address the problem of multiple comparisons, these tests 

(ANOVA, Kruskall–Wallis) were followed by a post hoc 

Bonferroni test. Kaplan–Meier survival curves were used to 

determine any significant relationship between the expression 

level of miRNA-100 and the status of the patients with respect 

to relapse-free survival (RFS) or overall survival (OS). 

Differences were considered statistically significant when 

P was less than 0.05.

Results
MiRNA-100 expression in AML patients
MiRNA-100 expression was detected in bone marrow 

from patients with pediatric AML and normal controls. 

Expression of miRNA-100 was normalized with RNU6B, 

and the values obtained were compared. Compared with the 

normal controls, we showed upregulation of miR-100 in the 

bone marrow of pediatric AML patients with statistically 

significant differences (P , 0.001, Figure 1). AML patients 

expressing miR-100 at levels less than the median expression 

level (10.8) were assigned to the low-expression group 

(mean expression value 10.6, n = 36), and those samples 

with expression equal or above the median value were 

assigned to the high-expression group (mean expression 

value 10.9, n = 70).

Association of miR-100 expression  
with clinical characteristics  
of pediatric AML patients
The association of miR-100 expression with clinical charac-

teristics at diagnosis is summarized in Table 1. The expres-

sion levels of miR-100 were found to be significantly higher 

in pediatric AML patients with extramedullary disease, with 

the FAB classification subtype M7, and with unfavorable 

day 7 response to induction chemotherapy (P = 0.008, 0.001, 

and 0.01, respectively, Table 1). There was no significant 

association of miR-100 expression level with patients’ sex 

and age, leukocyte count, or cytogenetic abnormalities (all 

P . 0.05, Table 1).

Association of miR-100 expression 
with clinical outcome of pediatric AML 
patients
Follow-up data were available for all patients. The median 

follow-up duration was 35 months, ranging from 10 to 

86 months. Univariate analysis of factors associated with 

RFS showed a significantly shorter survival in the patients 

with FAB classification subtype M7 (P = 0.01), unfavor-

able cytogenetic abnormalities (P , 0.001), and higher 

miR-100 expression (P = 0.008, Table 2). Parameters such 

as patients’ sex and age, leukocyte counts, the presence of 

extramedullary disease, and day 7 response to treatment 

had no impact (all P . 0.05, data were not shown). On the 

other hand, the variables that were associated with poor OS 

on univariate analysis were also FAB classification subtype 

M7 (P = 0.008), unfavorable cytogenetic abnormalities 

(P , 0.001), and higher miR-100 expression (P = 0.006, 

Table 2). Cox proportional-hazards multivariate analysis of 

the univariate predictors identified the cytogenetic abnormali-

ties (P = 0.01 and 0.009, respectively) and the expression 

level of miR-100 (P = 0.03 and 0.01, respectively) as inde-

pendent prognostic factors for RFS and OS (Table 3). The 

Kaplan–Meier curves for RFS and OS stratified according 
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Figure 1 MicroRNA-100 (miR-100) expression in 106 pediatric acute myeloid 
leukemia (AML) patients and normal controls.
Notes: After normalization to RNU6B expression levels, the expression level of miR-
100 in the bone marrow of 106 pediatric AML patients (mean ± standard deviation 
[SD]: 10.8 ± 1.9) was significantly higher than that of normal controls (mean ± SD: 
2.6 ± 0.7, P , 0.001). P-values were calculated using the Mann–Whitney U test.
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Table 2 Univariate analysis of the impact of variables on relapse-free and overall survival in pediatric acute myeloid leukemia patients

Variable Patients (n) Relapse-free survival Overall survival

Median (months ± SD) P Median (months ± SD) P

Cytogenetics
 Favorable 35 Not reached ,0.001 Not reached ,0.001
 intermediate 52 12.6 ± 1.8 22.9 ± 2.1
 Unfavorable 19 3.1 ± 0.5 9.8 ± 1.7
FAB classification
 M1–M6 96 14.3 ± 2.2 0.01 36.2 ± 3.8 0.008
 M7 10 7.9 ± 1.4 20.7 ± 2.5
MiR-100 expression
 Low (,10.8) 36 12.9 ± 1.6 0.008 37.4 ± 3.1 0.006

 High ($10.8) 70 5.8 ± 0.8 22.7 ± 2.9

Abbreviations: SD, standard deviation; FAB, French–American–British; MiR-100, microRNA-100.

to miR-100 expression in bone marrow from pediatric AML 

patients are shown in Figure 2.

Discussion
Increased expression of miR-100 in AML has been demon-

strated to regulate G1/S transition and S-phase entry and block 

terminal differentiation, which in turn promotes cell prolif-

eration and blocked granulocyte/monocyte differentiation.21 

However, the clinical relevance of miR-100 remains largely 

elusive, and there have been no studies on the prognostic 

relevance of miR-100 expression in pediatric AML to date. 

In this context, the present study was performed to investigate 

the possible association between miR-100 expression and 

the clinical features in pediatric de novo AML. There are three 

significant findings according to our results: miR-100 expres-

sion was elevated in bone marrow from pediatric patients 

with newly diagnosed AML, compared with normal controls; 

increased expression of miR-100 was significantly associated 

with advanced clinical features of pediatric AML patients; and 

both univariate and multivariate analyses revealed that the 

expression level of miR-100 was predictive of shorter RFS 

and OS, independent of cytogenetic abnormalities. These 

results suggest that miR-100 expression could be a valuable 

marker of progression and prognosis in pediatric AML. To 

our knowledge, this is the first study to analyze the expres-

sion patterns and clinical significance of miR-100 in a large 

number of pediatric AML patients.

MiR-100, as a potential tumor-related miRNA, has been 

reported to be involved in tumor occurrence, development, and 

drug resistance.24 Expression patterns and functional role of 

miR-100 in different cancers are controversial. For example, 

Huang et al25 reported that downregulation of miR-100 was 

significantly associated with advanced International Federation 

of Gynaecology and Obstetrics stage, presence of lymph-node 

metastasis, and reduced survival of small-cell carcinoma of 

the cervix patients, while Dahiya et al26 noted that miR-100 

was overexpressed in ovarian cancer cell lines and tissues, 
Table 3 Multivariate analysis of the impact of variables on 
relapse-free survival and overall survival in pediatric acute myeloid 
leukemia patients

Variable P Odds ratio

Relapse-free survival
Cytogenetics
 Unfavorable vs favorable/intermediate 0.01 5.9
FAB classification
 M7 vs M1–M6 0.06 2.3
MiR-100 expression
 High vs low 0.03 3.6
Overall survival
Cytogenetics
 Unfavorable vs favorable/intermediate 0.009 7.1
FAB classification
 M7 vs M1–M6 0.06 2.5
MiR-100 expression
 High vs Low 0.01 5.2

Abbreviations: FAB, French–American–British; MiR-100, microRNA-100.
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Figure 2 Kaplan–Meier curves of relapse-free survival (A) and overall survival  
(B) of pediatric patients with newly diagnosed acute myeloid leukemia (AML) 
stratified by the level of microRNA-100 (miR-100) expression.
Notes: High miR-100 expression was associated with shorter relapse-free (P = 0.008) 
and overall (P = 0.006) survival in pediatric AML patients.
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mostly in serous high-grade adenocarcinoma. Peng et al27 

found that low miR-100 expression may be an independent 

poor prognostic factor for human epithelial ovarian cancer. 

Leite et al28 demonstrated that the upregulation of miR-100 

was associated with the biochemical recurrence of localized 

prostate cancer in patients treated with radical prostatectomy. 

Ng et al29 suggested that miR-100 is highly expressed in the 

human glioma cell line and its upregulation could be a useful 

tool to sensitize tumor cells to ionizing radiation. Shi et al30 

indicated that underexpressed miR-100 in human nasopha-

ryngeal cancer contributes to tumor progression. More inter-

estingly, miR-100 is significantly upregulated in adult AML 

patients and AML cell lines, which raises the possibility that 

miR-100 might have an important role in the development 

or pathogenesis of AML.21 In this study, we performed large 

retrospective studies in order to determine the association of 

miR-100 expression with clinicopathologic features and clini-

cal outcome of pediatric AML patients. Using 106 clinical 

de novo pediatric AML patients and 20 normal controls, our 

study has provided the first evidence that miR-100 expression 

is markedly increased in de novo pediatric AML patients. This 

finding is consistent with previous studies revealing that the 

miR-100 level is highly elevated in adult AML patients and 

AML cell lines.21 In addition, increased expression of miR-100 

was significantly associated with the presence of extramedul-

lary disease, FAB classification subtype M7, and unfavorable 

day 7 response to induction chemotherapy. Moreover, the 

most important finding of this study was that pediatric AML 

patients with high miR-100 expression had a poorer prognosis 

than did those with low miR-100 expression. The above results 

validate previous in vitro findings that miR-100 functions as 

a tumor promoter during the development and progression of 

human AML.17

In conclusion, this is the first report demonstrating the 

upregulation of miR-100 in pediatric AML, and its associa-

tion with poor RFS and OS. These results suggest that miR-

100 upregulation may be used as an unfavorable prognostic 

marker in pediatric AML. Recent research has demonstrated 

that miR-100 may regulate neovascularization by suppress-

ing the expression of its target-gene mammalian target of 

rapamycin in endothelial and vascular smooth muscle cells.31 

Thus, we assume that upregulation of miR-100 in AML 

patients might be related to their condition, considering the 

target genes for this microRNA. This hypothesis warrants 

further prospective analysis.
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