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Abstract

Background: Overexpression of microRNA-93 (miR-93) predicted worse outcome in non-small cell lung
cancer (NSCLC) and gastric cancer patients, yet the prognostic role of miR-93 in AML is still unclear.

Methods: To further verify the prognostic significance of miR-93, the Cancer Genome Atlas database
(TCGA) was screened and 161 AML patients with miR-93 expression information were included in our
study.

Results: Compared with the patients who received chemotherapy alone with lower miR-93 expression,
those with higher miR-93 expression had significantly longer event-free survival (EFS) and overall survival
(0S) (all P<0.05). Moreover, the expression levels of miR-93 was no association with either EFS or OS in
patients undergoing allogeneic hematopoietic stem cell transplantation (allo-HSCT). Multivariate analysis
confirmed that high miR-93 expression was an independent favorable factor for EFS and OS in AML
patients only receiving chemotherapy (all P<0.05).

Conclusion: our study proved that high miR-93 expression could predict favorable prognosis in AML, but
its prognostic effect could be overcome by allo-HSCT.

Background

Acute myeloid leukemia (AML) is a highly aggressive malignancy arising from abnormal hematopoietic
stem cell clones, which are characterized by arrested differentiation and unchecked proliferation [1]. The
leukemic cells harbor various molecular biomarkers, such as genetic mutations and aberrant genetic
expressions, that can be discovered and quantified by the second generation sequencing technology.
Some of these markers are extremely helpful in predicting outcome, or can even be treatment targets [2].
For example, DNMT3A and FLT3-ITD mutations could predict poor outcome [3, 4], while the biallelic
CEBPA (biCEBPA) mutation is a good prognostic marker in AML [5, 6].

microRNAs (MiRNAs) are endogenous non-coding RNAs produced by eukaryotes and are approximately
22-ntin length [7]. They are involved in many important physiological processes such as cell
differentiation, proliferation, and apoptosis [8—10]. Abnormal expression of miRNAs plays an important
role in the risk stratification and prognosis of AML [11, 12]. For instance, high miR-181a expression
suggested favorable prognostic outcome in cytogenetically normal AML (CN-AML) [13]. High expression
levels of miR-98 and miR-99, and low expression levels of miR-122 and miR-328 have been associated
with adverse prognosis in AML [14-17].

MiR-93 is involved in the tumorigenesis and the evolution of drug resistance in various tumors. The
proliferation and colony formation of human colon cancer stem cells were inhibited by miR-93 [18]. It
could also promote glioblastoma cell growth and angiogenesis by regulating integrin-88 [19]. In addition,
miR-93 can enhance the resistance of ovarian cancer cells to antitumor drugs by targeting PTEN [20].
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Former studies have shown that high miR-93 expression was associated with poor prognosis in hon-
small cell lung cancer (NSCLC) and gastric cancer [21, 22].

The prognostic significance of miR-93 in AML has been not reported. In this study, we intended to
evaluate the effects of miR-93 on AML survival. Allogeneic hematopoietic stem cell transplantation (allo-
HSCT) is an effective treatment for AML to reduce recurrence and the leukemia residual disease, and
prolong the survival [23]. Herein, we also analyzed whether allo-HSCT could affect the outcome in
patients with different expression levels of miR-93.

Materials And Methods
Patients

From The Cancer Genome Atlas (TCGA) database (https://cancergenome.nih.gov/), a total of 161 AML
patients with miR-93 expression report were included in this study [24]. Ninety patients received
chemotherapy alone, and 71 also underwent allo-HSCT. Clinical characteristics at diagnosis were
collected, including peripheral white blood cell (WBC) counts, blast percentages in peripheral blood (PB)
and bone marrow (BM), French-American-British (FAB) subtypes, cytogenetic risk group, and frequencies
of common recurrent genetic mutations. Event-free survival (EFS) and overall survival (OS) were the
primary endpoints of the study. EFS was defined as the time from diagnosis to removal from the study
due to relapse, death or failure to achieve complete remission. OS was defined as the time from diagnosis
to death from any cause or was censored at the last follow-up. Informed consents were obtained from all
patients, and study protocol was approved by the Human Research Council of University of Washington.

Statistical analysis

The clinical and molecular characteristics of patients were summarized using descriptive statistics. Data
sets were described with median and/or range. Numerical data was compared using the Mann-Whitney U
test, and categorical data was compared using the Chi-Square test. Survival was estimated using the
Kaplan-Meier method and the log-rank test. Multivariate Cox proportional hazard models were
constructed for EFS and OS using a limited backward elimination procedure. The confidence interval was
95%. Spearman rank correlation was used to determine the associations between gene expression profile
and miR-93 expression. Multiple testing errors were assessed by false discovery rate (FDR). Differential
expressed genes were selected based on |logFC| >1 and adjust P value<0.05. The genes of the heatmap
were selected based on the |logFC| =1.2 of the differential genes in volcano plot. KEGG (Kyoto
Encyclopedia of Genes and Genomes) enrichment analysis was conducted to assess the signaling
pathways associated with differential expression genes of miR-93. A two-sided P< 0.05 was considered
as the cut-off value. All statistical analyses were performed by R software 3.5.0, SPSS software 20.0 and
the GraphPad Prism software 7.0.

Results
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Prognostic value of miR-93 expression

To evaluate the prognostic value of miR-93 in AML, patients who received either the chemotherapy-only or
the allo-HSCT were divided into high and low expression subgroups according to the median miR-93
expression levels of each group, respectively. In the chemotherapy-only group, the high miR-93 expression
subgroup had longer EFS and OS (P=0.037 and P=0.024, Fig. 1A-B). MiR-93 had no impact on EFS and
OS in the allo-HSCT group (Fig. 1C-D).

Association of miR-93 expression with clinical and
molecular characteristics in the chemotherapy-only group

The clinical and molecular characteristics of the patients who received the chemotherapy-only were
shown in Table 1. Median age was 66 (range, 22—-88), with 61 cases older than 60. Fifty were men. The
medians of WBC counts, BM blast, and PB blast percentages were 15.6 x 10°/L, 72%, and 28.5%,
respectively. FAB subtypes were mainly M1, M2, and M4 (72.2%). Forty-six patients had abnormal
karyotypes. The proportion of good, intermediate, and poor cytogenetic risk patients were 14.8%, 62.5%,
and 22.7%, respectively. NPM1 had the highest mutation frequency (n =29, 32.2%), followed by DNMT3A
(n=25,27.8%), FLT3-ITD (n =16, 17.8%), IDH1/2 (n = 16, 17.8%), NRAS/KRAS (n = 13, 14.4%), TP53 (n =11,
12.2%), TET2(n=12,13.3%), and RUNXT (n = 8, 8.9%). Then all patients who underwent chemotherapy-
only were divided into either miR-93"9" group or the miR-93'°¥ group based on miR-93 median expression
levels. In miR-93M9 group, there were fewer patients with complex karyotype, more patients with RUNX7-
RUNX1T1, more with good cytogenetic risk and fewer poor-risk, less frequent NPM7 and TP53 mutations
(all P<0.05). No significant differences were identified in gender distribution, peripheral WBC count, BM
blast and PB blast percentage, and the frequencies of other genetic mutations (FLT3, DNMT3A, RUNXT,
TET2, IDH1/IDH2, NRAS/KRAS) between the two groups.
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Table 1
Comparison of clinical and molecular characteristics in the chemotherapy-only group

Characteristics Total miR-93 P
High (n = 45) Low (n =45)
Age/years, median (range) 66 (22-88) 64 (22-83) 67 (31-88) 0.309*

Age group/n (%)

=60 years 61 (67.8) 28 (62.2) 33(73.3) 0.2598
<60 years 29 (32.2) 17 (37.8) 12 (26.7)
Gender/n (%) 0.6718
Male 50 (55.6) 26 (57.8) 24 (53.3)
Female 40 (44.4) 19 (42.2) 21 (46.7)
WBC/x10%/L, median (range) 15.6 (0.7-298.4) 143 (1-114.5)  16(0.7298.4) (305"
BM blasts/%, median (range) 72 (30-99) 72 (30-95) 74 (32-99) 0.997*
PB blasts/%, median (range) 28.5 (0-98) 46 (0-97) 22 (0-98) 0.207"

FAB subtypes/n (%)

MO 8(8.9) 3(6.7) 5(11.1) 0.4598
M1 20 (22.2) 11 (24.4) 9 (20.0) 0.6128
M2 21 (23.3) 13 (28.9) 8(17.8) 0.2138
M4 24 (26.7) 11 (24.4) 13 (28.9) 06345
M5 13 (14.4) 6 (13.3) 7 (15.6) 0.7648
M6 1(1.1) 1(2.2) 0(0.0) 0.3158
M7 3(3.3) 0(0.0) 3(6.7) 0.0788

Cytogenetics/n (%)
Normal 44 (50.0) 20 (45.4) 24 (54.5) 0.3948

Complex 12 (13.6) 2 (4.5) 10 (22.7) 0.0138

Abbreviations: WBC, white blood cell; BM, bone marrow; PB, peripheral blood; FAB, French American
British;

*" denotes Mann-Whitney Utest; '§’ denotes chi-square test.
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Characteristics

inv(16)/CBFB-MYH11

t(8;21)/RUNXT-RUNX1T1

11923/MLL

7/79-

1(9;22)/BCR-ABL1

Others

Risk/n (%)
Good
Intermediate
Poor
FLT3-ITD/n (%)

Positive
Negative
NPM1/n (%)
Mutation

Wild type
DNMT3A/n (%)
Mutation

Wild type

IDH1/ IDH2/n (%)

Mutation

Wild type

Total

7 (8.0)
6 (6.8)
3(3.4)
3(3.4)
1(1.1)

12 (13.6)

13 (14.8)
55 (62.5)

20 (22.7)

16 (17.8)
74 (82.2)

29 (32.2)
61 (67.8)

25 (27.8)
65 (72.2)

16 (17.8)
74 (82.2)

miR-93

High (n = 45)
5(11.4)

6 (13.6)

2 (4.5)
0(0.0)

0 (0.0)

9 (20.5)

11 (25.0)
27 (61.4)

6 (13.6)

11 (24.4)
34 (75.6)

10 (22.2)
35 (77.8)

10 (22.2)
35 (77.8)

11 (24.4)
34 (75.6)

Low (n =45)
2 (4.5)
0 (0.0)
1(2.3)
3 (6.8)
1(2.3)

3(6.8)

2 (4.5)
28 (63.6)

14 (31.8)

5(11.1)
40 (88.9)

19 (42.2)
26 (57.8)

15 (33.3)
30 (66.7)

5(11.1)
40 (88.9)

0.2378
0.0118
0.5578
0.0788
0.3158

0.0628

0.0078
0.8268
0.0428

0.0988

0.0428

0.2398

0.0988

Abbreviations: WBC, white blood cell; BM, bone marrow; PB, peripheral blood; FAB, French American

British;

*" denotes Mann-Whitney Utest; '§’ denotes chi-square test.

Page 6/15




Characteristics Total miR-93 P
High (n = 45) Low (n =45)

NRAS/KRAS/n (%) 0.1348
Mutation 13 (14.4) 4 (8.9) 9 (20.0)

Wild type 77 (85.6) 41 (91.1) 36 (80.0)

RUNX1/n (%) 1.0008
Mutation 8 (8.9) 4 (8.9) 4 (8.9)

Wild type 82 (91.1) 41 (91.1) 41 (91.1)

TET2/n (%) 1.0008
Mutation 12 (13.3) 6 (13.3) 6 (13.3)

Wild type 78 (86.7) 39 (86.7) 39 (86.7)

TP53/n (%) 0.0048
Mutation 11 (12.2) 1(2.2) 10 (22.2)

Wild type 79 (87.8) 44 (97.8) 35(77.8)

Abbreviations: WBC, white blood cell; BM, bone marrow; PB, peripheral blood; FAB, French American
British;

*" denotes Mann-Whitney Utest; '§’ denotes chi-square test.

In order to further evaluate the prognostic value of miR-93, we constructed the multivariate Cox
proportional hazard models (Table 2). The variables included the expression levels of miR-93 (high vs.
low), age (= 60 vs. <60 years), peripheral WBC count (= 15x 10%/L vs. <15 x 10°/L), BM blasts (= 70% vs.
<70%), PB blasts (= 70% vs. <70%), FLT3-ITD (positive vs. negative) and common AML mutations (NPM1,
DNMT3A, TET2, RUNXT and NRAS/KRAS, mutated vs. wild type).
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Table 2
Multivariate analysis of EFS and OS in the chemotherapy-only group

Variables EFS 0S

HR (95%ClI) Pvalue HR (95%Cl) Pvalue
miR-93 (high vs. Low) 0.487 (0.282-0.844) 0.010  0.450(0.257-0.791)  0.005
Age (= 60 vs. <60 years) 4.987 (2.619-9.495) 0.000  4.051 (2.163-7.584)  0.000
WBC (= 15 vs. <15 10%/L) 0.971(0.565-1.670) 0.916  1.018(0.592-1.751)  0.949
BM blasts (= 70 vs. <70%) 1.848 (1.058-3.226) 0.031 1.942 (1.105-3.414)  0.021
PB blasts (= 70 vs. <70%) 3.247 (1.622-6.502)  0.001 2.459 (1.204-5.023) 0.014

FLT3-ITD (positive vs. negative) ~ 1.386 (0.705-2.726)  0.344 1.484 (0.728-3.028)  0.278

NPM1 (mutated vs. wild) 0.548 (0.269-1.117) 0.098  0.419 (0.204-0.859)  0.018
DNMT3A (mutated vs. wild) 1.738(0.981-3.080) 0.058  1.872(1.065-3.289)  0.029
RUNXT (mutated vs. wild) 1.273 (0.559-2.897) 0.566  1.431(0.630-3.253)  0.392
TET2(mutated vs. wild) 0.701 (0.333-1.474) 0.349  0.564 (0.270-1.177)  0.127

NRAS/KRAS (mutated vs. wild) ~ 0.675 (0.307-1.488)  0.330  0.847 (0.390-1.841)  0.675

Abbreviations: EFS, Event-free survival; OS, Overall survival; HR, hazard ratio; Cl, confidence interval;
WBC, white blood cell;

BM, bone marrow; PB, peripheral blood

Multivariate analysis reported that high miR-93 expression was an independent favorable prognostic
factor for both EFS and OS (all P<0.05). In addition, age = 60 years, BM blasts = 70% and PB blasts =
70% were also independent risk factors for EFS and OS (all P<0.05). NPM1 mutation was an
independent favorable factor for OS (P=0.018), while DNMT3A mutation played an independent negative
role for OS (P=0.029).

Associations between genome-wide gene expression
profile and miR-93 expression

To further assess the role of miR-93 in AML, the high-throughput sequencing information from TCGA
database was used to summarize the miR-93-associated gene expression profiles. By using a
conservative cutoff for significance (P<0.05), 1479 genes were identified to be positively correlated with
miR-93 expression, and 985 genes were negatively associated with the expression of miR-93 (Fig. 2A).
Genome-wide expression profile analysis showed that genes positively related to miR-93 expression
included tumor suppressors (SDPR, EHD2, KIAA0125, ZFP36L 1, LILRA3, ABI3, SERPINA1, C5aR1, FCNT1,
BASP1, FCER1G and HK3). However, there was a negative correlation between the expression of miR-93
and FGR(a tumorigenesis promoter in multiple leukemia) (Fig. 2B). Furthermore, GO enrichment analysis
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suggested that the genes related to miR-93 expression were mainly concentrated in “staphylococcus
aureus infection”, “complement and coagulation cascades”, “pertussis”, “osteoclast differentiation”, “B

cell receptor signaling pathway” and “phagosome” signaling pathways (Fig. 2C).

Discussion

In this retrospective study, we identified that high miR-93 expression definitely had a favorable effect on
the survival of AML patients who only received chemotherapy, but not in those who underwent allo-HSCT,
implicating that allo-HSCT may negate its prognostic impact.

Increasing number of studies have shown that miR-93 participated in various important cancer cell
biological processes including proliferation, apoptosis, angiogenesis, and drug resistance. In most
cancers, the role of miR-93 is oncogenic. Fang, et. al., reported that in human glioblastoma, miR-93
promoted tumor growth and angiogenesis by targeting integrin-88 [19]. In bladder cancer, miR-93 targeted
pigment epithelium-derived factor (PEDF), accelerating cell proliferation and invasion [25]. MiR-93 can
also down-regulate the expression of Smad7 gene by regulating TGF- 31/Smad3 dependent fibrosis, thus
enhancing the drug resistance of prolactinoma cells [26]. In high-risk HPV-positive cervical cancer,
knockdown miR-93 may reactivate the potential anti-proliferation gene BTG3, thus inhibiting tumor
progression [27]. High expression of miR-93 also has oncogenic properties in prostate cancer by
interfering the cell cycle [28]. In AML, on the other hand, our study has pointed out that miR-93 may be an
antioncogene. Although its overexpression coincided with other established favorable prognostic factors
such as CEBPA double mutations, NPMT mutations and RUNXT-RUNXTT1, its prognostic effect was still
independent. MiR-93 may therefore exert distinct functions in different tumors, depending on the cell of
origin.

In addition, we verified that the increased expression of miR-93 was also an independent good prognostic
factor in AML patients undergoing chemotherapy. GO analysis demonstrated that genes (SDPR, EHD2,
KIAA0125, ZFP36L1, LILRA3, ABI3, SERPINA1, C5aR1, FCN1, BASP1, FCER1G, HK3 and FGR) involved in
“staphylococcus aureus infection”, “complement and coagulation cascades”, “pertussis”, “osteoclast
differentiation”, “B cell receptor signaling pathway” and “phagosome” signaling pathways were
significantly correlated with miR-93 expression. Former studies have shown that overexpression of BASP7
is related to the inhibition of t(8;21) AML cells proliferation [29]. As a cytoprotective gene, the low
expression of HK3 impaired the neutrophil differentiation of APL cells and promoted cell death after
anthracycline treatment [30], high expression of KIAA0725 suppressing cell proliferation, migration, and
invasion [31]. FGR was a tumor promoter which was associated with growth of primary AML cell [32].
Zhang X et al. identified that the activation of staphylococcus aureus infection signaling pathway can
cause apoptosis multiple tumor cells [33]. In addition, the B-cell receptor signaling pathway has been
proved to be a therapeutic target of CLL [34]. Hence, these results may elucidate the possible causes of
miR-93 overexpression leading to favorable prognosis of AML by participating in the above pathways,
and further research is needed to explore the exact role of miR-93 in leukemia inhibition.
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Our results are consistent with previous studies that age = 60 years had adverse effects on the survival of
AML, which may be due to the higher mutation burden, poorer baseline performance status and more
complications in this age group [35]. We also demonstrated that BM blasts = 70% and PB blasts = 70%
were independent risk factors for EFS and OS, which is consistent with previous researches that abnormal
proliferation of BM blasts and PB blasts have a significant negative impact on the prognosis of AML [36].
In our study, NPM7 mutation was an independent favorable factor for OS, and DNMT3A mutation was an
independent risk factor for OS. These findings are in line with former findings that NPM7 mutation was
related with good prognosis [37], while DNMT3A mutation had a connection with inferior DFS (Disease-
free survival) and a trend toward shorter OS in CN-AML [38].

Conclusion

Our study reveals that high miR-93 expression is associated with good prognosis in AML, but its
prognostic effects may be negated by allo-HSCT. Larger prospective researches are needed to further
valid our findings. How miR-93 participates in the intricate web of AML leukemogenesis is also worth
investigating.

Abbreviations

AML.: acute myeloid leukemia; BM: bone marrow; PB: peripheral blood; DFS: Disease-free survival; CN-
AML.: cytogenetically normal AML; allo-HSCT: Allogeneic hematopoietic stem cell transplantation.

Declarations
Ethics approval and consent to participate

Not applicable.

Consent for publication

Not applicable.

Availability of data and materials

Not applicable.

Competing interests

The authors declare that there is no conflict of interest.

Page 10/15



Funding

This work was supported by grants from Xinjiang Joint Fund of National Natural Science Foundation of
China (U1903117), the National Natural Science Foundation of China (81500118) to LF.

Authors' contributions

YL wrote the paper. LF designed and revised the paper. ZHC and YFP drew the figures and tables. LZC
and YFD performed the literature search. All authors read and approved the final manuscript.

Acknowledgements

Not applicable.

References

1

. Dohner H, Weisdorf DJ, Bloomfield CD. Acute Myeloid Leukemia. N Engl J Med. 2015;373:1136-52.
2.

Wang M, Yang C, Zhang L, Schaar DG. Molecular Mutations and Their Cooccurrences in
Cytogenetically Normal Acute Myeloid Leukemia. Stem Cells Int. 2017;2017:6962379.

. Hou HA, Kuo YY, Liu CY, Chou WC, Lee MC, Chen CY, et al. DNMT3A mutations in acute myeloid

leukemia: stability during disease evolution and clinical implications. Blood. 2012;119:559-68.

. Fleischmann M, Schnetzke U, Schrenk KG, Schmidt V, Sayer HG, Hilgendorf |, et al. Outcome of FLT3-

ITD-positive acute myeloid leukemia: impact of allogeneic stem cell transplantation and tyrosine
kinase inhibitor treatment. Journal of cancer research and clinical oncology. 2017;143:337-45.

. Awad MM, Aladle DA, Abousamra NK, Elghannam DM, Fawzy IM. CEBPA gene mutations in Egyptian

acute myeloid leukemia patients: impact on prognosis. Hematology (Amsterdam, Netherlands).
2013;18:61-8.

. Dufour A, Schneider F, Hoster E, Benthaus T, Ksienzyk B, Schneider S, et al. Monoallelic CEBPA

mutations in normal karyotype acute myeloid leukemia: independent favorable prognostic factor
within NPM1 mutated patients. Annals of hematology. 2012;91:1051-63.

. Kawaguchi T, Komatsu S, Ichikawa D, Tsujiura M, Takeshita H, Hirajima S, et al. Circulating

MicroRNAs: A Next-Generation Clinical Biomarker for Digestive System Cancers. Int J Mol Sci.
2016;17:pii: E1459.

. Ding Q, Wang Q, Ren Y, Zhu HQ, Huang Z. MicroRNA-126 attenuates cell apoptosis by targeting

TRAF7 in acute myeloid leukemia cells. Biochem Cell Biol. 2018;96:840-6.

.FuL, ShiJ, Liu A Zhou L, Jiang M, Fu H, et al. A minicircuitry of microRNA-9-1 and RUNX1-RUNX1T1

contributes to leukemogenesis in t(8;21) acute myeloid leukemia. Int J Cancer. 2017;140:653-61.

Page 11/15



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Pelosi A, Careccia S, Lulli V, Romania B, Marziali G, Testa U, et al. MiRNA let-7c promotes granulocytic
differentiation in acute myeloid leukemia. Oncogene. 2013;32:3648-54.

Marcucci G, Mrozek K, Radmacher MD, Garzon R, Bloomfield CD. The prognostic and functional role
of microRNAs in acute myeloid leukemia. Blood. 2011;117:1121-9.

Marcucci G, Radmacher MD, Maharry K, Mrozek K, Ruppert AS, Paschka P, et al. MicroRNA expression
in cytogenetically normal acute myeloid leukemia. N Engl J Med. 2008;358:1919-28.

Schwind S, Maharry K, Radmacher MD, Mrézek K, Holland KB, Margeson D, et al. Prognostic
significance of expression of a single microRNA, miR-181a, in cytogenetically normal acute myeloid
leukemia: a Cancer and Leukemia Group B study. J Clin Oncol. 2010;28:5257-64.

Hu N, Cheng Z, Pang Y, Zhao H, Chen L, Wang C, et al. High expression of MiR-98 is a good
prognostic factor in acute myeloid leukemia patients treated with chemotherapy alone. Journal of
Cancer. 2019;10:178-85.

Cheng Z, Zhou L, Hu K, Dai Y, Pang Y, Zhao H, et al. Prognostic significance of microRNA-99a in acute
myeloid leukemia patients undergoing allogeneic hematopoietic stem cell transplantation. Bone
Marrow Transplant. 2018;53:1089-95.

Zhang TJ, Qian Z, Wen XM, Zhou JD, Li XX, Xu ZJ, et al. Lower expression of bone marrow miR-122 is
an independent risk factor for overall survival in cytogenetically normal acute myeloid leukemia.
Pathol Res Pract. 2018;214:896-901.

Liu L, Chen R, Zhang Y, Fan W, Xiao F, Yan X. Low expression of circulating microRNA-328 is
associated with poor prognosis in patients with acute myeloid leukemia. Diagnostic pathology.
2015;10:1009.

Yu XF, Zou J, Bao ZJ, Dong J. miR-93 suppresses proliferation and colony formation of human colon
cancer stem cells. World journal of gastroenterology. 2011;17:4711-7.

Fang L, Deng Z, Shatseva T, Yang J, Peng C, Du WW, et al. MicroRNA miR-93 promotes tumor growth
and angiogenesis by targeting integrin-beta8. Oncogene. 2011;30:806-21.

Fu X, Tian J, Zhang L, Chen Y, Hao Q. Involvement of microRNA-93, a new regulator of PTEN/Akt
signaling pathway, in regulation of chemotherapeutic drug cisplatin chemosensitivity in ovarian
cancer cells. FEBS letters. 2012;586:1279-86.

Ulivi B, Petracci E, Marisi G, Baglivo S. Prognostic Role of Circulating miRNAs in Early-Stage Non-
Small Cell Lung Cancer. J Clin Med. 2019;8: pii: E131.

Chen L, Jiang M, Yuan W, Tang H. Prognostic value of miR-93 overexpression in resectable gastric
adenocarcinomas. Acta gastro-enterologica Belgica. 2012;75:22-7.

Brissot E, Mohty M. Which Acute Myeloid Leukemia Patients Should Be Offered Transplantation?
Seminars in hematology. 2015;52:223-31.

Ley TJ, Miller C, Ding L, et al. Genomic and epigenomic landscapes of adult de novo acute myeloid
leukemia. N Engl J Med. 2013;368:2059-74.

Page 12/15



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Jiang H, Bu Q, Zeng M, Xia D, Wu A. MicroRNA-93 promotes bladder cancer proliferation and invasion
by targeting PEDF. Urologic oncology. 2019;37:150-7.

Hu B, Mao Z, Du Q, Jiang X, Wang Z, Xiao Z, et al. miR-93-5p targets Smad7 to regulate the
transforming growth factor-beta1l/Smad3 pathway and mediate fibrosis in drug-resistant
prolactinoma. Brain research bulletin. 2019;149:21-31.

Li J, Chu ZP, Han H, Zhang Y, Tian F, Zhang JQ, et al. Suppression of miR-93-5p inhibits high-risk
HPV-positive cervical cancer progression via targeting of BTG3. Human cell. 2019;32:160-71.
Yang, Jia B, Zhao X, Wang Y, Ye W. miR-93-5p may be an important oncogene in prostate cancer by
bioinformatics analysis. Journal of cellular biochemistry. 2019;120:10463-83.

Zhou L, FuL,Lv N, LiuJ, LiY, Chen X, et al. Methylation-associated silencing of BASP1 contributes to
leukemogenesis in t(8;21) acute myeloid leukemia. Experimental & molecular medicine. 2018;50:44.

Federzoni EA, Valk PJ, Torbett BE, Haferlach T, Lowenberg B, Fey MF, et al. PU.1 is linking the
glycolytic enzyme HK3 in neutrophil differentiation and survival of APL cells. Blood. 2012;119:4963-
70.

Yang Y, Zhao Y, Hu N, Zhao J, Bai Y. IncRNA KIAA0125 functions as a tumor suppressor modulating
growth and metastasis of colorectal cancer via Wnt/beta-catenin pathway. Cell biology international.
2019.

Weir MC, Shu ST, Patel RK, Hellwig S, Chen L, Tan L, et al. Selective Inhibition of the Myeloid Src-
Family Kinase Fgr Potently Suppresses AML Cell Growth in Vitro and in Vivo. ACS chemical biology.
2018;13:1551-9.

Zhang X, Hu X, Rao X. Apoptosis induced by Staphylococcus aureus toxins. Microbiological research.
2017;205:19-24.

Woyach JA, Johnson AJ, Byrd JC. The B-cell receptor signaling pathway as a therapeutic target in
CLL. Blood. 2012;120:1175-84.

Briot T, Roger E, Thepot S, Lagarce F. Advances in treatment formulations for acute myeloid
leukemia. Drug discovery today. 2018;23:1936-49.

Bacher U, Haferlach C, Alpermann T, Kern W, Schnittger S, Haferlach T. Comparison of genetic and
clinical aspects in patients with acute myeloid leukemia and myelodysplastic syndromes all with
more than 50% of bone marrow erythropoietic cells. Haematologica. 2011;96:1284-92.

Heath EM, Chan SM, Minden MD, Murphy T, Shlush LI, Schimmer AD. Biological and clinical
consequences of NPM1 mutations in AML. Leukemia. 2017;31:798-807.

Marcucci G, Metzeler KH, Schwind S, Becker H, Maharry K, Mrozek K, et al. Age-related prognostic
impact of different types of DNMT3A mutations in adults with primary cytogenetically normal acute
myeloid leukemia. J Clin Oncol. 2012;30:742-50.

Figures

Page 13/15



>

100 _
i == miR-93 " (n=45)
2
7 -+ miR-93'"°% (n=45)
>
S 60-
=1
w
& 404
% \
E 20 - "L
I.I>.| h"'l..lal. ......... 1 I—'
P=0.037
0 L] L] L] 1
0 30 60 90 120
Months

== miR-93 "9" (n=36)

-k

miR-93'°% (n=35)

Event-free survival (%)

Figure 1

Months

)

Overall survival (%)

O

Overall survival (%)

100

80

60

40

20-

== miR-93 " (n=45)

-k

miR-93 '°¥ (n=45)

== miR-93 9" (n=36)

-+ miR-93"°% (n=35)

P=0.740

Months

Kaplan-Meier curves of event-free survival (EFS) and overall survival (OS) in patients who received

chemotherapy or allo-HSCT. A, B High miR-93 expressers had shorter EFS and OS than the low expressers
in patients who received chemotherapy. C,D High expression of miR-93 had no impact on EFS and OS in

the allo-HSCT group
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Genome-wide gene expression profile and cell signalling pathways associated with miR-93 expression. A
Volcano plot of differential gene expression. Up-regulated and down-regulated genes were labelled with
red and green dots, respectively. B Heatmap associated with miR-93 expression. C Signaling pathways
associated with miR-93 expression.
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