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Acute myeloid leukemia (AML) is a heterogeneous disease resulting in different outcomes 

for patients after chemotherapy treatment. The variation in prognosis of AML patients 

depends on multiple intrinsic factors, including karyotype and molecular alterations as well 

as the expression of stem cell genes.1, 2 MicroRNAs (miRNAs) have emerged as epigenetic 

regulators affecting both normal as well as pathological processes by regulating protein 

expression.3 During formation of the hematopoietic system specific miRNAs are expressed 

at particular developmental stages, where they can regulate and control differentiation 

of hematopoietic stem cells (HSC) into lineage determined cells.4 The aberrant expression 

of miRNAs can influence apoptosis, block hematopoietic differentiation and induce 

myeloproliferative disorders and acute leukemias.5, 6,7, 8  In AML, aberrant expression of 

miRNAs can contribute to the character of the disease and consequently is associated 

with treatment outcome.9

Recently, we published miRNA expression profiles of residual HSC, leukemic stem 

cells and leukemic progenitor fractions which were all obtained from the same AML 

patients bone marrow.10 Within these profiles, we found MIR551B highly expressed in 

HSC but absent in the leukemic fractions of most AML cases, suggesting MIR551B to be  

HSC specific.

To gain insight in the expression of  MIR551B  in the various hematopoietic cell 

populations of healthy bone marrow we purified six well characterized stem and progenitor 

cell populations together with mature monocytes and lymphocytes (Supplementary 

Figures 1A and B) from four healthy individuals and determined MIR551B expression in 

these populations (Figure 1a). The highest expression of MIR551B was seen in the most 

primitive cell populations; the HSC and multipotent progenitors (MPP), while more 

differentiated progenitors showed decreased expression and monocytes and lymphocytes 

lacked MIR551B expression. This expression pattern might indicate a role for MIR551B in 

early hematopoiesis and stem cells.

As we showed that  MIR551B  is highly expressed in normal HSC and MPP,  

we hypothesized that its expression in AML might be indicative for an immature leukemia 

with stem cell features. As a consequence AML cases with high MIR551B expression might 

be more chemotherapy resistant, more potent in re-initiating leukemia and associated 

with a poorer outcome. We measured MIR551B expression in 154 diagnosis AML patients 

(<60 years) and observed that patients with high expression have similar expression 

levels as HSC/MPP in healthy individuals and those residing within AML bone marrows 

(Supplementary Figure 1C). In these patients (Supplementary Table 1, discovery cohort), 

the expression of  MIR551B  is highly predictive for poor overall survival (OS) (hazard 

ratio (HR)=1.89, P=0.005) (Figure 1b) and relapse free survival (RFS) (HR=2.30,P=0.003)  

(Figure 1c). Moreover, patients with high  MIR551B  expression showed a decreased 

complete remission rate after the first cycle of standard-dose remission induction therapy 

(45 vs 68%, P=0.015)(data not shown) compared with patients with low MIR551B. 

We confirmed this result in patients (<60 years) of a secondary independent AML 

cohort (The Cancer Genome Atlas, TCGA; https://tcga-dat.nci.nih.gov/tcga/).11 Although, 
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Figure 1. MIR551B expression in stem and progenitor cells in normal bone marrow and survival 
analysis of MIR551B in AML. (a) MIR551B expression in the different stem and progenitor cell 
populations in normal bone marrow determined by quantive PCR with reverse transcription 
(n=4). HSC (Lin-CD34+CD38-CD90+CD45RA-), MPP (Lin-CD34+CD38−CD90−CD45RA−), 
CMP (Lin-CD34+CD38+CD123+CD45RA−), GMP (Lin−CD34+CD38+CD123+CD45RA+), MEP  
(Lin-CD34+CD38+CD123-CD45RA-), monocytes (FSChighSSCintCD14+CD34-CD19-CD3-) and 
lymphocytes (FSClowSSClowCD19+/CD3+CD34−CD14−). Statistical significance was calculated 
using Mann–Whitney test. (*) differential expression of indicated population compared with HSC 
and MPP cells (P<0.05). Error bars denote ±s.e.m. (b–e) Survival plots from the discovery cohort 
for OS (b) and RFS (c) and the TCGA cohort for OS (d) and RFS (e). For both discovery and TCGA 
cohorts, patients were 60 years of age. Patients with a PML-RARA translocation were excluded from 
the analysis. Determination of optimal cutoff for MIR551B in the discovery (b, c) and the TCGA 
cohort (d, e) was done with Cutoff Finder using log rank test (Supplementary Figure 2).
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patients from the TCGA cohort have a worse outcome than those from our 

discovery cohort, and optimal cutoff values for high and low  MIR551B  expression 

and effect on outcome are different in the two cohorts (Supplementary Figures 2A 

and B  for the discovery and Supplementary Figures 2C and D  for the TCGA cohort), 

high  MIR551B  expression is also associated with poor OS (HR=2.02,  P=0.028) (Figure 

1d) and RFS (HR=2.17,  P=0.030) (Figure 1e) in the TCGA cohort. AML patients from 

the TCGA cohort with high  MIR551B  expression also have significant lower complete 

remission rates compared with patients with low expression (71 vs 91%,P=0.023) 

(data not shown). 

Importantly, in the patient subgroup with cytogenetically normal AML and an 

intermediate prognosis, high MIR551B expression predicts for both OS (HR=2.52,P=0.037) 

(Figure 2a) and RFS (HR=3.61, P=0.010) (Figure 2b) in the discovery cohort and for RFS 

(HR=2.93, P=0.034) in the TCGA cohort (Figures 2c and d).

Since AML patients above 60 years have an extremely poor prognosis identification 

of biomarkers for this group is needed. Therefore, we studied the association 

of  MIR551B  with prognosis in the group of patients above 60 years of age  

(TCGA cohort); however, did not observe a predictive value of MIR551B expression in  

this patient population (Supplementary Figures 3A and B). 

To establish whether MIR551B expression can independently predict for survival and 

relapse in AML patients we performed univariate and multivariate cox regression analysis. 

In univariate analysis, MIR551B expression has prognostic value for prediction of OS and 

RFS in the discovery cohort (Supplementary Table 2A) and the TCGA cohort (Supplementary 

Table 2C). The HR values are comparable to the predictive value of cytogenetics, EVI1 and 

presence of a FLT-ITD. Multivariate cox regression analysis showed that MIR551B  is not 

only an independent prognostic factor in predicting OS (HR=1.97,  P=0.036) and RFS 

(HR=3.11, P=0.009) for the discovery cohort (Supplementary Table 2B) but also for OS 

(HR=2.02, P=0.054) and RFS (HR=2.11, P=0.049) for the TCGA cohort (Supplementary 

Table 2D). In univariate analysis,  MIR551B  expression has prognostic value for 

prediction of OS and RFS in cytogenetically normal AML from the discovery cohort  

(Supplementary Table 2E) but most importantly, in this patient group, MIR551B expression 

independently predicts for OS (HR3.24,P=0.026) (Supplementary Table 2F). 

We divided the patients from both cohorts (discovery cohort; <60 years and TCGA 

cohort; all ages) into high and low MIR551B expressing groups and investigated the clinical 

and molecular characteristics associated with highMIR551B  expression. Lower white 

blood cell numbers, less NPM1 mutations and less FLT3-ITDs are observed in patients with 

high  MIR551B  (Supplementary Tables 1 and 3). Except for one patient,  MIR551B  was 

not expressed in core binding factor AML (favorable cytogenetics) or in AML with   

PML-RARA translocations. Moreover, patients with high MIR551B expression have more 

often an undifferentiated AML (FAB M0) and are more frequently positive for  EVI1 

(Supplementary Tables 1 and 3).
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Figure 2. MIR551B and prognosis in cytogenetically normal and MRD-negative AML. (a–d) Survival 
plots of cytogenetically normal AML patients of the discovery cohort (a and b) and the TCGA cohort 
(c and d) for OS (a and c) and RFS (b and d). (e, f) Survival plots for MRD positive and negative 
patients of the discovery cohort for OS (e) and RFS (f). Other combinations (black line); MRD positive 
AML cases with low (n=12) and high (n=2) expression of MIR551B. P-value indicates significance 
between MRDneg/MIR551Blow (blue line) and MRDneg/MIR551Bhigh (red line). Analysis of leukemia-
associated phenotypes-positive cells was performed after chemotherapy cycle 2 as previously 
described and MRD percentage was defined as the percentage of leukemia-associated phenotypes-
positive cells within the white blood cell compartment multiplied by the correction factor: 100%/
percentage of leukemia-associated phenotypes-positive cells at diagnosis.12, 13
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AML patients with low minimal residual disease (MRD) levels have lower relapse rates 

and a better OS than patients with high MRD.12, 13 Still, a substantial part of AML patients 

with low MRD levels relapses,13  indicating the need for additional factors predicting 

relapse in this group. Although we have only MRD data from a small subgroup of our 

patient cohort (n=52), we observed that high expression of MIR551B predicts for a poor 

OS (not significant,  Figure 2e) and relapse (HR=6.28,P=0.01,  Figure 2f) in patients 

without MRD after chemotherapy. Patients negative for MRD but with high expression 

of MIR551B have a median RFS time of 11.5 as compared with 50.0 months for patients 

without MRD and low MIR551B expression.

As  MIR551B  is highly expressed in HSC/MPP as well as in minimally differentiated 

and EVI1-positive AML its expression in AML might coincide with the expression of stem 

cell genes. From 179 AML cases within the TCGA AML patients cohort mRNA and miRNA 

sequencing data is available. In this cohort, MIR551B expression is significantly correlated 

with the expression of 1766 genes of which 1383 were positively and 383 were negatively 

associated (data not shown, Supplementary Figure 4A). The pseudogene  EGFEM1P  is 

the strongest positively co-expressed gene, suggesting simultaneous transcriptional 

regulation since MIR551B is located within the EGFEM1P gene. Comparison of these co-

expressed genes with previously published HSC2 and minimally differentiated AML (FAB 

M0)14 gene expression profiles showed significant overlap (Supplementary Figures 4B and 

C). To compare the predictive value of MIR551B with that of a ‘core enriched’ HSC–leukemic 

stem cells signature,2 we determined the median expression of the core enriched genes 

in patients from the TCGA cohort and split the cohort in a high and low core enriched-

signature expressing group (Supplementary Figure 5A). Univariate analysis (in patients <60 

years) showed that the HSC/leukemic stem cells signature has higher predictive value than 

expression of  MIR551B  for both OS and RFS (Supplementary Figure 5B). Interestingly, 

there is a significant positive correlation of  MIR551B  expression with expression of 

the core enriched genes (Supplementary Figures 5C and D). We also searched for miRNAs 

associated with MIR551B expression in AML and showed that the expression of 49 miRNAs 

is significantly positively correlated with MIR551B  (Supplementary Table 4). From these 

49 we observed that the top ones, MIR151, MIR126, Let-7c, MIR130A and MIR125B, are 

specifically expressed in residual HSC and/or leukemic stem cells within AML.10

Altogether, we identified that expression of MIR551B in AML is associated with stem 

cell features, an immature phenotype and predicts for relapse and a poor prognosis. 

Expression of MIR551B in AML might oppose stem cell features on leukemic cells however 

it might well be that in AML cases with high MIR551Bexpression AML-initiating mutations 

have their origin in HSC.15 We determined MIR551B expression in nine AML cell lines 

and found that expression was highest in the two most immature cell lines, KG1 and 

KG1a (Supplementary Figure 6A). To determine whether MIR551B can induce therapy 

resistance and/or a block in differentiation we overexpressed MIR551B in AML cell lines 

and measured cell survival and differentiation after incubation with chemotherapeutics 

or differentiation inducers. An increase in MIR551B expression (Supplementary Figures 6B 
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and C) did not result in a change in sensitivity toward cytarabine, doxorubicin or etoposide 

(Supplementary Figures 6D and F). Overexpression of MIR551B in NB4, THP1 or HEL did 

not result in a change in all-trans retinoic acid or 12-O-tetradecanoylphorbol-13-acetate 

induced differentiation (Supplementary Figures 7A and D). However, differentiation 

induced by 12-O-tetradecanoylphorbol-13-acetate in HEL cells leads to downregulation 

of MIR551Bexpression (Supplementary Figure 7E), suggesting that MIR551B is a marker 

indicating immaturity of AML cells.

Recently, Xu  et al.16  showed that  MIR551B  regulates expression of catalase and 

subsequently potentiated mucin1 expression. This modulation of the catalase/mucin1 

pathway affected chemoresistance in lung cancer cells. We determined mRNA and protein 

expression of CAT and MUC1 in our AML cell lines overexpressing MIR551B (Supplementary 

Figure 6C) and found a small but significant downregulation of  CAT  mRNA and 

upregulation of MUC1 mRNA in two out of five cell lines (data not shown). Only KG1 

showed both downregulation ofCAT  and enhanced expression of  MUC1. Importantly, 

using a proteomic approach we did not observe modulation of catalase and mucin1 

protein after  MIR551B overexpression (data not shown) nor did we observe that 

expression of CAT and/or MUC1 is associated with MIR551B expression in AML patients 

(TCGA cohort). We hypothesize that the MIR551B/catalase/mucin1 signaling route might 

be present in AML however, may not be solely responsible for chemotherapy resistance.

HSC are intrinsically more resistant to chemotherapy compared with lineage restricted 

progenitors, which is partly due to their quiescent state, enhanced expression of efflux 

pumps and strong adherence to the chemotherapy protective microenvironment of 

the bone marrow niche in which these cells reside. We hypothesize that AML that arises 

from a mutation in the most immature cells of the hematopoietic system will inherit 

the expression of  MIR551B  as well as the intrinsic chemotherapy resistance and self-

renewal potency of those cells and consequently AML cases with high MIR551B expression 

have a less favorable outcome.

Although, the size of the analyzed groups of patients with cytogenetically normal AML 

or known MRD status is small, our data suggests that MIR551B expression analysis can 

select for patients with a poor prognosis within these subgroups and MIR551B expression 

analysis might therefore add to risk stratification and therapy decision making for these 

subgroups of AML patients.
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SUPPLEMENTARY DATA

Supplementary Figure 1. Gating and sorting strategy of stem and progenitor cell fractions from 
normal bone marrow. (A) The hematopoietic stem cell hierarchical model used for sorting of human 
normal bone marrow stem cell and progenitor cell populations. (B) Vital cells were gated and 
subsequently the white blood cells (CD45+) as determined by CD45 staining; Mono; monocytes 
(CD14+), T-cell; T-cells (CD3+), B-cell; B-cells (CD19+) and Lin-; lineage negative cells (CD14-,CD3-
,CD19-) were gated and purified. From the Lin- cells the hematopoietic stem and progenitor cells 
(HSPC)(CD34+) were gated and from the CD34+CD38+ the common lymphoid progenitor cells 
(CLP)(CD38+CD10+) were isolated. From the CD34+CD38+CD10- population the common myeloid 
progenitor cells (CMP)(CD38+CD123+CD45RA-CD10-), megakaryocytic/erythroid progenitor 
cells (MEP)(CD38+CD123-CD45RA-CD10-), and granulocytic/macrophage progenitor cells (GMP)
(CD38+CD123+CD45RA+CD10-) were isolated. The hematopoietic stem cells (HSC)(CD38-CD90+) 
and multipotent progenitor cells (MPP)(CD38-CD90-) were purified from the CD34+CD38- 
population of cells. (C) Relative MIR551B expression in 154 AML patients, in residual HSC/MPP 
fractions within AML bone marrows and in HSC/MPP fractions and progenitor cells fractions in 
normal bone marrows.

A
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B
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Supplementary Table 1. MIR551B expression and patient characteristics.  

Characteristic 

Discovery Cohort TCGA Cohort

All 
patients 
(n=154) p-value

Median 
difference/ 
Spearman 
correlation

All 
patients 
(n=169) p-value

Median 
difference/ 
Spearman 
correlation

Sex - no. (%) 0.304¶ -0.018 0.0617¶ 0.762
 Male  68 (44) 93 (55)
 Female  86 (56) 76 (45)
Age – year 0.623δ 0.034 0.004δ 0.221
 Median  48 58
 Range 18-60 18-88
White blood cell count 0.002δ -0.253 <.0001δ -0.365
 Median - x109/L 39.4 19.9
 Range - x109/L 1.0-400 0.6-298
FAB type - no.  
(% of tested)
 M0  9 (6) 0.005¶ 0.382 17 (10) <.0001¶  3.520
 M1  41 (28) 0.923¶ -0.014 43 (26) 0.775¶ -0.347
 M2  43 (29) 0.424¶ -0.010 41 (25) 0.999¶ -0.425
 M4  14 (9) 0.831¶ -0.006 41 (25) 0.192¶ -0.379
 M5  40 (27) 0.638¶ 0.003 20 (12) 0.004¶  -1.080
 M6  1 (1) - 0.007 2 (1) - 2.842
 M7  0 (0) - - 3 (2) - 1.791
 Missing data 6 2
Cytogenetics - no.  
(% of tested)
 Favorable 13 (9) 0.005¶ -0.032 18 (11) 0.002¶ -1.425
 Intermediate I 73 (51) 0.025¶ -0.028 80 (48) 0.066¶ -0.750
 Intermediate II 37 (26) 0.024¶ 0.020 28 (17) 0.183¶ 1.100
 Unfavorable 19 (13) 0.006¶ 0.071 41 (25) 0.001¶ 1.440
 Missing data 12 2
Molecular genetics - no. 
(% of tested)
CEBPA  0.792¶ 0.008 0.932¶ -0.933
 Double positive 6 (6) 13 (8)    
 Negative 101 (94) 156 (92)
 Missing data 47 0
FLT3-ITD - no.  
(% of tested)

0.017¶ -0.030 0.027¶ -0.845

 Positive 36 (27) 46 (28)
 Negative 98 (73) 117 (72)
 Missing data 20 6
NPM1 - no.  
(% of tested)

<.001¶ -0.045 <.0001¶ -1.669
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Supplementary Table 1. (continued)

Characteristic

Discovery Cohort TCGA Cohort

All 
patients 
(n=154) p-value

Median 
difference/ 
Spearman 
correlation

All 
patients 
(n=169) p-value

Median 
difference/ 
Spearman 
correlation

 Positive 43 (39) 43 (26)
 Negative 66 (61) 123 (74)
 Missing data 45 3
EVI-1 - no. (% of tested) <.001¶ 0.081 0.025¶ 1.941
 Positive 15 (14) 18 (11)
 Negative 92 (86) 143 (89)
 Missing data 47 8

MIR551B expression in AML patients of the discovery and the TCGA cohort. Comparison between two 
continuous variables was calculated using Spearman correlation test (δ) and indicated is the correlation 
coefficient. Comparison between a continuous variable and a categorical variable was calculated using 
the Wilcoxon rank sum test (¶) in where the median MIR551B expression difference is given. For more 
details on the classification of the cytogenetic risk groups see Supplementary materials and methods. 

Supplementary Figure 2. MIR551B cut-off determination. HR-plots show all possible cutoffs with 
CI95% for MIR551B in the discovery (A-B) and the TCGA cohort (patients ≤60 years) (C-D)  for 
OS (A and C) and RFS (B and D). Plots were generated using Cutoff Finder using the log rank test. 
MIR551B values were log transformed. Vertical lines indicate cutoffs used for survival analysis for 
both cohorts.
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Supplementary Figure 3. Association of MIR551B with prognosis in patients >60 years. Survival 
plots for patients (>60 years) of the TCGA cohort with low or high expression of MIR551B for OS 
(A) and RFS (B).

Supplementary Figure 4. MIR551B co-expresses with stem cell genes and a minimally differentiated 
AML gene signature. A) Correlation plot of MIR551B expression and gene expression in AML patients 
(TCGA cohort, n=179)11. Patients are sorted based on their MIR551B expression from low (left) to 
high (right). Only top correlated genes (n=217/1766) are shown. Red, MIR551B positively correlated 
genes; Blue, MIR551B negatively correlated genes. B) Correlation of MIR551B associated genes in 
AML (n=1766) with published HSC gene signature.2 Red spikes, HSC genes; blue spikes, MIR551B 
associated genes in AML patient cohort (correlation coefficient, left y-axis). NB. For the HSC genes 
the fold change is unknown, hence all HSC genes are set to 1. C) Correlation of MIR551B associated 
genes (n=1766) with published gene signature of minimally differentiated AML.14 Red spikes, genes 
associated with minimally differentiated AML (fold change, right y-axis); blue spikes, MIR551B 
correlated genes (correlation coefficient, left y-axis).
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Supplementary Table 2a. Univariate and multivariate analysis.

Univariate  
Cox Regression

OS RFS

HR 95% CI p-value HR 95% CI  p-value

Cytogenetics 1,416 1.093 - 1.835 0,009  1,175 0.832 - 1.679  0,375 

CEBPα 0,634 0.198 - 2.207 0,442  0,341 0.046 - 2.496  0,289 

FLT3-ITD 1,693 1.043 - 2.748 0,033  2,579 1.424 - 4.669  0,002 
NPM1 0,741 0.432 - 1.272 0,277  0,745 0.375 - 1.480  0,400 
MIR551B 1,893 1.218 - 2.944 0,005  2,300 1.320 - 4.008  0,003 
WBC (>20) 1,411 0.924 - 2.154 0,111  1,650 0.966 - 2.818  0,067 
Age (>50) 0,900 0.588 - 1.378 0,628  0,643 0.372 - 1.109  0,112 
Prior MDS 1,385 0.437 - 4.390 0,580  0,780 0.108 - 5.650  0,805 
EVI1 2,298 1.192 - 4.431 0,013  2,637 0.919 - 7.566  0,071 

Supplementary Table 2b. Univariate and multivariate analysis.

Multivariate 
Cox Regression

OS RFS

HR 95% CI p-value HR 95% CI  p-value

Cytogenetics 1,300 0.917 - 1.842 0,140 1,174 0.740 - 1.864 0,496

CEBPα 0,846 0.240 - 2.987 0,795 0,342 0.042 - 2.809 0,318

FLT3-ITD 1,369 0.721 - 2.599 0,338 1,911 0.754 - 4.841 0,172
NPM1 0,998 0.487 - 2.046 0,996 0,708 0.278 - 1.803 0,469
MIR551B 1,971 1.046 - 3.715 0,036 3,109 1.329 - 7.275 0,009
WBC (>20) 1,757 0.985 - 3.135 0,056 2,045 0.918 - 4.556 0,080
Age (>50) 0,953 0.501 - 1.812 0,883 0,667 0.276 - 1.614 0,369
Prior MDS 1,342 0.169 - 10.645 0,781 0,000 0.000 0,979
EVI1 1,724 0.809 - 3.675 0,158 1,207 0.351 - 4.158 0,765

Supplementary Table 2c. Univariate and multivariate analysis.

Univariate 
Cox Regression

OS RFS

HR 95% CI p-value HR 95% CI  p-value

Cytogenetics 1,330 1.032 - 1.715 0,028  1,104 0.844 - 1.444  0,471 

CEBPα 1,078 0.487 - 2.386 0,853  1,174 0.528 - 2.610  0,694 

FLT3-ITD 1,798 1.025 - 3.156 0,041  1,032 0.565 - 1.885  0,919 
NPM1 1,101 0.605 - 2.002 0,753  0,958 0.518 - 1.773  0,892 
MIR551B 1,848 1.058 - 3.225 0,031  1,910 1.054 - 3.463  0,033 
WBC (>20) 0,943 0.552 - 1.610 0,829  1,361 0.782 - 2.370  0,276 
Age (>50) 0,797 0.463 - 1.372 0,413  0,951 0.551 - 1.639  0,855 
EVI1 1,175 0.464 - 2.972 0,734  0,798 0.193 - 3.293  0,755 
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Supplementary Table 2f. Univariate and multivariate analysis.

Multivariate 
Cox Regression

OS RFS

HR 95% CI p-value HR 95% CI  p-value

CEBPα 0,474 0.093 - 2.422 0,370  0,100 0.008 - 1.299 0,078

FLT3-ITD 2,094 0.821 - 5.342 0,122  3,046 0.676 - 13.724 0,147
NPM1 0,406 0.160 - 1.027 0,057  0,078 0.014 - 0.452 0,004
MIR551B 3,237 1.154 - 9.080 0,026  2,299 0.327 - 16.180 0,403
WBC (>20) 1,657 0.677 - 4.054 0,269  8,405 1.303 - 54.243 0,025
Age (>50) 0,873 0.326 - 2.336 0,787  1,093 0.228 - 5.246 0,912
EVI1 0,368 0.073 - 1.855 0,226  0,818 0.093 - 7.202 0,857

Univariate and multivariate analysis of MIR551B and established prognostic factors in AML for OS and 
RFS. Univariate cox regression analysis for the discovery cohort (A) and the TCGA cohort (C). Multivariate 
cox regression analysis for the discovery cohort (B) and the TCGA cohort (D). Univariate (E) and 
multivariate (F) cox regression analysis for patients with CN-AML in the discovery cohort. HR, hazard 
ratio; CI, confidence interval. Bold indicates p≤0.05.

Supplementary Table 2e. Univariate and multivariate analysis.

Univariate 
Cox Regression

OS RFS

HR 95% CI p-value HR 95% CI  p-value

CEBPα 0,691 0.164 - 2.918 0,615  0,473 0.063 - 3.557 0,473

FLT3-ITD 1,965 1.004 - 3.847 0,049  2,592 1.161 - 5.785 0,020
NPM1 0,630 0.296 - 1.343 0,232  0,410 0.154 - 1.091 0,074
MIR551B 2,128 1.089 - 4.158 0,027  2,653 1.224 - 5.751 0,013
WBC (>20) 1,360 0.724 - 2.554 0,339  2,214 1.044 - 4.694 0,038
Age (>50) 0,902 0.480 - 1.693 0,747  0,695 0.334 - 1.446 0,330
EVI1 1,403 0.422 - 4.659 0,580  5,183 1.461 - 18.390 0,011

Supplementary Table 2d. Univariate and multivariate analysis.

Multivariate 
Cox Regression

OS RFS

HR 95% CI p-value HR 95% CI  p-value

Cytogenetics 1,411 1.008 - 1.975 0,045 1,022 0.736 - 1.419 0,897

CEBPα 1,412 0.596 - 3.349 0,433 1,170 0.493 - 2.776 0,722

FLT3-ITD 3,092 1.513 - 6.319 0,002 1,332 0.645 - 2.753 0,439
NPM1 1,110 0.479 - 2.572 0,807 0,952 0.419 - 2.163 0,906
MIR551B 2,015 0.989 - 4.106 0,054 2,109 1.003 - 4.435 0,049
WBC (>20) 0,851 0.466 - 1.555 0,600 1,591 0.837 - 3.025 0,156
Age (>50) 0,703 0.385 - 1.284 0,252 0,993 0.549 - 1.797 0,982
EVI1 0,868 0.304 - 2.479 0,791 1,182 0.248 - 5.643 0,834
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Supplementary Table 3. MIR551B expression and patient characteristics. 

Characteristic 

Discovery Cohort TCGA Cohort total

miR-551b 
low 
(n=112)

miR-551b 
high 
(n=42) p-value

miR-551b 
low 
(n=127)

miR-551b 
high 
(n=60) p-value

Sex - no. (%) 1.000Ŧ 0.041Ŧ 
Male 49 (44) 19 (45) 66 (52) 21 (35)
Female 63 (56) 23 (55) 61 (48) 39 (65)
Age – year 0.204¶ 0.008¶ 
Median 47 50 55 61
Range 18-60 18-60 18-82 22-88
White blood cell count 0.004¶ <.001¶ 
Median - x109/L 50,5 18,8 29,2 5,5
Range - x109/L 1.1-400 1.0-278 0.4-298 0.6-203
FAB type - no. (%)
M0 3 (3) 6 (15) 0.014Ŧ 2 (2) 15 (25) <.0001Ŧ 
M1 27 (25) 14 (34) 0.308Ŧ 29 (23) 16 (27) 0.583Ŧ 
M2 34 (32) 9 (22) 0.313Ŧ 27 (21) 13 (22) 1.000Ŧ 
M3 0 (0) 0 (0) - 18 (14) 0 (0) 0.009Ŧ 
M4 9 (8) 5 (12) 0.534Ŧ 30 (24) 10 (17) 0.341Ŧ 
M5 33 (31) 7 (17) 0.102Ŧ 19 (15) 1 (2) 0.005Ŧ 
M6 1 (1) 0 (0) 1.000Ŧ 0 (0) 2 (3) 0.101Ŧ 
M7 0 (0) 0 (0) - 1 (1) 2 (3) 0.239Ŧ 
Missing data 5 1 1 1
Cytogenetics - no.  
(% of tested)
 Favorable 12 (12) 1 (2) 0.109Ŧ 17 (16) 1 (2) 0.004Ŧ 
 Intermediate I 56 (55) 17 (41) 0.143Ŧ 58  (54) 22 (37) 0.040Ŧ 
 Intermediate II 23 (23) 14 (34) 0.206Ŧ 14 (13) 14 (23) 0.129Ŧ 
 Unfavorable 10 (10) 9 (22) 0.099Ŧ 18 (17) 23 (38) 0.003Ŧ 
 t(15;17) not incl. in  
 riskgroups

0 (0) 0 (0) - 18 0 <.001Ŧ 

 Missing data 11 1 2 0
Molecular genetics - no. 
(% of tested)
CEBPA 1.000Ŧ 0.759Ŧ 
Double positive 5 (6) 1 (4) 8 (6) 5 (8)
Negative 76 (94) 25 (96) 119 (94) 55 (92)
Missing data 31 16
FLT3-ITD 0.025Ŧ 0.005Ŧ 

Positive 32 (32) 4 (12) 45 (37) 9 (16)
Negative 68 (68) 30 (88) 78 (63) 48 (84)
Missing data 12 8 4 3
NPM1 0.007Ŧ <.0001Ŧ 
Positive 38 (47) 5 (18) 42 (33) 1 (2)
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Supplementary Table 3. (continued)

Characteristic

Discovery Cohort TCGA Cohort total

miR-551b 
low 
(n=112)

miR-551b 
high 
(n=42) p-value

miR-551b 
low 
(n=127)

miR-551b 
high 
(n=60) p-value

Negative 43 (53) 23 (82) 84 (67) 57 (98)
Missing data 31 14 1 2
EVI-1 0.063Ŧ 0.036
Positive 8 (10) 7 (25) 8 (7) 10 (17)
Negative 71 (90) 21 (75) 112 (93) 48 (83)
Missing data 33 14 7 2

Patient characteristics for MIR551B low and high expressing AML in the discovery and the TCGA cohort. 
The TCGA cohort contains all patients that were available for analysis (all ages). PML-RAR positive 
cases were shown but were not included in risk group analysis. For more details on the classification of 
the cytogenetic risk groups see Supplementary materials and methods. p-value of Fisher’s exact test (Ŧ). 
p-value of Wilcoxon rank sum test (¶).

Supplementary Figure 5. MIR551B and core-enriched (CE) LSC and HSC gene signature. A) 
Expression profiles of core-enriched LSC/HSC genes in 179 patients (all ages) from the TCGA 
cohort. Patients were sorted based on the median expression of all genes from low (left) to high 
(right). Patients were considered low or high CE-gene expressers when expression of the signature 
was under or over the median of all patients, respectively. Colors indicate relative expression level 
per individual gene. Blue indicates low expression, red indicates high expression. B) Univariate cox 
regression analysis for MIR551B and the CE-signature in patients in the TCGA cohort (≤60 years) 
for OS and RFS. C) Correlation plot of MIR551B expression and median CE-gene expression. D) 
Cross table showing the relation between low and high expression of MIR551B and low and high 
expression of the CE-genes. P-value was calculated using Fisher exact test. 
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Supplementary Table 4. MIR551B co-expressed miRNAs in AML. Correlation analysis of MIR551B 
with miRNA expression in AML in the TCGA cohort. 

MicroRNA Correlation coefficient p-value FDR

1 hsa-mir-551b 1,000 < 1,00E-07 < 1,00E-07
2 hsa-mir-151 0,484 < 1,00E-07 < 1,00E-07
3 hsa-mir-126 0,483 < 1,00E-07 < 1,00E-07
4 hsa-mir-874 0,453 < 1,00E-07 < 1,00E-07
5 hsa-let-7c 0,442 < 1,00E-07 < 1,00E-07
6 hsa-mir-20b 0,402 1,00E-7 7,83E-6
7 hsa-mir-130a 0,400 1,00E-7 7,83E-6
8 hsa-mir-99a 0,398 1,00E-7 7,83E-6
9 hsa-mir-363 0,394 1,00E-7 7,83E-6
10 hsa-mir-125b-2 0,348 3,70E-6 2,61E-4
11 hsa-mir-342 0,345 4,80E-6 3,08E-4
12 hsa-mir-32 0,342 5,90E-6 3,47E-4
13 hsa-mir-598 0,339 7,00E-6 3,80E-4
14 hsa-mir-1287 0,333 1,03E-5 5,19E-4
15 hsa-mir-1271 0,332 1,13E-5 5,31E-4
16 hsa-mir-30a 0,328 1,38E-5 5,72E-4
17 hsa-mir-486 0,323 1,89E-5 7,40E-4
18 hsa-mir-150 0,316 3,01E-5 9,36E-4
19 hsa-mir-29b-1 0,315 3,20E-5 9,36E-4
20 hsa-mir-101-1 0,315 3,16E-5 9,36E-4
21 hsa-mir-92a-2 0,315 3,21E-5 9,36E-4
22 hsa-mir-194-2 0,314 3,32E-5 9,36E-4
23 hsa-mir-23b 0,314 3,26E-5 9,36E-4
24 hsa-mir-320b-2 0,311 3,94E-5 1,07E-3
25 hsa-mir-29b-2 0,308 4,85E-5 1,22E-3
26 hsa-mir-192 0,308 4,77E-5 1,22E-3
27 hsa-mir-424 0,306 5,24E-5 1,22E-3
28 hsa-mir-1977 0,306 5,36E-5 1,22E-3
29 hsa-mir-584 0,299 8,06E-5 1,78E-3
30 hsa-mir-30b 0,298 8,32E-5 1,78E-3
31 hsa-mir-106a 0,297 8,99E-5 1,81E-3
32 hsa-mir-505 0,291 1,24E-4 2,43E-3
33 hsa-let-7g 0,290 1,36E-4 2,52E-3
34 hsa-mir-181a-2 0,290 1,30E-4 2,48E-3
35 hsa-mir-30e 0,286 1,68E-4 3,04E-3
36 hsa-mir-450b 0,283 1,99E-4 3,47E-3
37 hsa-mir-503 0,282 2,02E-4 3,47E-3
38 hsa-mir-144 0,282 2,07E-4 3,47E-3
39 hsa-mir-194-1 0,279 2,42E-4 3,88E-3
40 hsa-mir-196a-1 0,279 2,42E-4 3,88E-3
41 hsa-mir-542 0,276 2,83E-4 4,25E-3
42 hsa-mir-183 0,273 3,34E-4 4,70E-3
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Supplementary Table 4. (continued)

MicroRNA Correlation coefficient p-value FDR

43 hsa-mir-125a 0,272 3,57E-4 4,93E-3
44 hsa-mir-16-1 0,263 5,59E-4 7,16E-3
45 hsa-mir-769 0,261 6,18E-4 7,64E-3
46 hsa-mir-26a-2 0,261 6,00E-4 7,56E-3
47 hsa-mir-361 0,259 6,87E-4 8,21E-3
48 hsa-mir-153-2 0,258 7,04E-4 8,27E-3
49 hsa-mir-99b 0,257 7,53E-4 8,71E-3
50 hsa-mir-30d 0,255 8,10E-4 9,21E-3

Supplementary Figure 6. Chemotherapy sensitivity in AML cell lines that overexpress MIR551B. 
A) Measuring of MIR551B expression in 9 AML cell lines by qRT-PCR B) MIR551B expression levels 
(qRT-PCR) after overexpression of MIR551B in 9 AML cell lines. (*) indicate no detectable expression 
after 45 PCR cycles. C) PCR products were run on agarose gels. Bands indicate the amount of 
RNU48 and MIR551B in the various AML cell lines. Cnt; control cells, OE; MIR551B overexpressing 
cells. D) Viability of control and MIR551B overexpressing cells after treatment with cytarabine for 
72 hours. Viability was measured by flow cytometry using Propidium iodide (PI) as a stain for cell 
death. E-F) Dose response curves of MIR551B OE and control cells after 72 hours treatment with 
doxorubicin (E) and etoposide (F). Viability was measured using the MTT assay.
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Supplementary Figure 7. Differentiation induced by ATRA or TPA in AML cell lines that overexpress 
MIR551B. A-D) Dose response curves of ATRA (A) or TPA (B-D) induced differentiation in control and 
MIR551B overexpressing cells measured by flow cytometry after 72 hours of incubation. MFI, mean 
fluorescent intensity. A) Granulocytic induced differentiation in NB4 cells measured by expression of 
CD11c. B) Macrophage induced differentiation in THP1 cells measured by expression of CD11b. C-D) 
Megakaryocytic induced differentiation in HEL measured by the expression of CD235a (indicator of 
erythroïd differentiation) and CD42b. E) MIR551B expression in HEL measured by qRT-PCR after 
incubation with different concentrations of TPA for 48 hours.




