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Abstract. The aim of the present study was to investigate
whether the expression levels of microRNA-425 (miR-425)
were associated with the prognosis of acute myeloid leukemia
(AML) in patients treated with chemotherapy or allogeneic
hematopoietic stem cell transplantation (allo-HSCT). A total
of 162 AML patients were enrolled and divided into chemo-
therapy and allo-HSCT groups. Next, the overall survival
(OS) and event-free survival (EFS) were compared between
patients with high and low miR-425 expression in each of the
treatment groups. In the chemotherapy group, high miR-425
expression was favorable for EFS (P=0.001) and OS (P=0.001)
in younger patients (<60 years), whereas it had no effect on
EFS and OS in older patients (=60 years). In the allo-HSCT
group, there was no association between miR-425 expression
levels and clinical outcomes. Further analyses suggested
that in the low miR-425 expression group, EFS and OS were
longer in patients treated with allo-HSCT as compared with
those treated with chemotherapy (both P<0.001), whereas no
significant differences were observed in the high miR-425
expression group. In conclusion, the current data indicated
that miR-425 is an independent favorable prognostic factor
for younger AML patients undergoing chemotherapy, and
its use may facilitate clinical decision-making in selecting
treatment for AML patients. Patients with low miR-425
expression may benefit from allo-HSCT, whereas allo-HSCT
did not appear to be beneficial in patients with high miR-425
expression.
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Introduction

Acute myeloid leukemia (AML) is the most common type
of acute leukemia affecting adults as a complex, dynamic
disease (1). AML patients have a highly heterogeneous disease
course, and the clinical outcomes are based on cytogenetic
abnormalities and molecular genetic aberrations (2,3). For
instance, NPM1 and biallelic CEBPA mutations are favor-
able prognostic markers for patients with cytogenetically
normal AML (4). In addition, mutations of FLT3-ITD (5),
DNMT3A (6), TP53 (7), RUNXI (8) and MLL-PTD (9)
consistently confer poor prognosis in AML patients. Recently,
microRNAs (miRNAs) have been reported to serve an impor-
tant role in the initiation, progression and prognosis of AML
as epigenetic alterations (10).

miRNAs are evolutionary conserved, small (typically
18-25 nucleotides), non-coding RNAs that negatively regu-
late gene expression at the post-transcriptional level and
play a crucial part in carcinogenesis. miRNAs not only
function as tumor suppressors or oncogenes, but have also
been implicated in cell migration and metastasis (11,12). In
AML, changes in the expression of several miRNAs have
been demonstrated to have functional relevance in leukemo-
genesis and supply prognostic information, complementing
the evidence gained from cytogenetics, gene mutations and
altered gene expression (10). For instance, it has been reported
that overexpression of miR-191 and miR-199a contributes to
an inferior outcome in AML (13), whereas increased expres-
sion of miR-181a and miR-212 predicts improved survival
rates for AML patients (14,15).

The function of miR-425 has recently been reported in
multiple human cancer types (16-19). Previous research has
revealed that miR-425 functions as an oncogene or tumor
suppressor in different cancer contexts. For instance, miR-425
upregulation promoted cell proliferation, migration and inva-
sion in gastric cancer through a process involving CYLD (20),
while it was also reported to inhibit cancer progression in mela-
noma via IGF-1 (21). However, the potential prognostic role and
clinical implications of miR-425 in AML remain unclear.

The present study investigated whether the expression
levels of miR-425 provide prognostic information for younger
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§ % ﬁ AML patients treated with chemotherapy, independently from
? 3 = a comprehensive panel of other established clinical and molec-
e g ular predictors. The findings indicated that miR-425 may have
= future applications in guiding therapeutic interventions.
<
%\ % Patients and methods
(o]
\Iﬁl, PN = Patients. The study included a total of 162 AML patients,
= 5 a RN whose information was retrieved from The Cancer Genome
% ~ :3 S/ % ¥ Atlas (TCGA) database (https://cancergenome.nih.gov/).
[ g N — % The expression levels of miRNA-425, and the clinical and
3 % = molecular information of the patients were publicly avail-
Ié —~ Q able from the TCGA website (22). Among the 162 patients,
f: £ 90 were received chemotherapy-based consolidation as they
s were treated according to their respective situation, while the
& '11 remaining 72 patients were treated with allogeneic hema-
o 5 topoietic stem cell transplantation (allo-HSCT). Gene and
% ) = _; miRNA expression profiling was performed using HGU133
q 8 5 =) g Plus 2.0 oligonucleotide microarrays (Affymetrix; Thermo
Pé L oo 'Z Fisher Scientific, Inc., Waltham, MA, USA) and custom
£ = miRNA microarrays at diagnosis. Event-free survival (EFS)
_ﬁo a and overall survival (OS) were considered as endpoints,
an R respectively. EFS was defined as the time from diagnosis until
= mortality, relapse or the absence of complete remission. OS
g was determined as the time from diagnosis to mortality, or the
E % % end of the follow-up.
< —
Z pt 7 Statistical analysis. The clinical and molecular characteris-
g tics of patients were summarized using descriptive statistics.
= Mann-Whitney U test was performed to compare differences
_ ; in continuous variables, while Pearson's %> analysis was
i) 2 utilized to compare the differences in categorical variables.
I o Kaplan-Meier survival curves and the log-rank test were used
e | = R = 3 to compare patient survival. Cox proportional hazards model
2 | ¢ R R= - was used to evaluate miR-425 expression level as a predictor
= ! NS ) p p
2 = - X é of clinical outcome in the context of other prognostic factors in
§ § & univariate and multivariate analyses. These other prognostic
;:ﬁ 3 2 factors included white blood cell (WBC) count (<20x10%/1 vs.
g §D >20x10°/1), age (=60 vs. <60 years), and FLT3-ITD, NPM1,
2 = DNMT3A, TP53, RUNXI, TET2, CEBPA, MLL-PTD and
© - c IDHI/2 mutations. Statistical analyses were performed with
2 B SPSS (version 22.0; IBM Corp, Armonk, NY, USA) and
Ll'é, %l GraphPad Prism (version 7.0; GraphPad Software, Inc., La
e f ﬁ s % Jolla, CA, USA) software. The results in all analyses were
~ NSNS 2 considered as statistically significant when the two-tailed
E R A E P-value was <0.05.
5 :
= E Results
% Association of clinical and molecular characteristics
o with miR-425 expression levels in the chemotherapy and
& allo-HSCT groups. A total of 162 AML patients were divided
= into the chemotherapy and allo-HSCT groups. Next, each
g g group was divided into two further subgroups based on the
—8' 8 E median expression level of miR-425. Patients with miR-425
2 w |~ = = expression levels that were higher or equal to the median value
= 2 g2 were included in the high miR-425 expression group, while
S ‘g = § = g the remaining patients were included in the low miR-425
T). 9 % g E & expression. The median expression level was 3,709.321 (range,
= S| &S 8co=| 5§28 481.232-19,682.91) in the chemotherapy group and 3,171.966
= Slae”” = 12&
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Table II. Univariate and multivariate analyses for EFS and OS in the chemotherapy group.
A, Univariate analysis
EFS (ON
Variables HR (95% CI) P-value HR (95% CI) P-value
miR-425 (high vs. low) 0.466 (0.289-0.750) 0.002 0.506 (0.316-0.811) 0.005
Age (=60 vs. <60 years) 3.588 (2.005-6.421) <0.001 3.423 (1.919-6.106) <0.001
WBC (<20 vs. =220x10°/1) 0.964 (0.608-1.528) 0.876 0.936 (0.591-1.484) 0.779
FLT3-ITD 1.181 (0.715-1.951) 0.517 1.168 (0.707-1.931) 0.544
NPM 1 mutation 0.893 (0.547-1.456) 0.649 0.958 (0.587-1.562) 0.862
DNMT3A mutation 1.407 (0.852-2.322) 0.182 1.432 (0.868-2.362) 0.160
TP53 mutation 2.949 (1.510-5.761) 0.002 2.898 (1.487-5.649) 0.002
RUNXI mutation 1.464 (0.700-3.064) 0.312 1.591 (0.759-3.335) 0.219
TET?2 mutation 1.049 (0.538-2.045) 0.889 1.198 (0.614-2.337) 0.597
MLL-PTD 1.177 (0.429-3.228) 0.751 1.099 (0.401-3.013) 0.855
IDH /2 mutation 1.198 (0.678-2.118) 0.543 1.098 (0.621-1.941) 0.748
B, Multivariate analysis
Younger patients (age, <60 years)
miR-425 (high vs. low) 0.059 (0.011-0.323) 0.001 0.040 (0.006-0.279) 0.001
WBC (<20 vs. =20x10°/1) 2.032(0.383-10.782) 0.405 1.768 (0.367-8530) 0478
FLT3-ITD 1.604 (0.243-10.570) 0.623 1.319 (0.199-8.739) 0.774
NPM1 mutation 0.255 (0.020-3.305) 0.296 0.159 (0.009-2.813) 0.210
DNMT3A mutation 13.826 (1.342-142.405) 0.027 23.130 (1.657-322.884) 0.020
TET2 mutation 2.195 (0.261-18.438) 0.469 4481 (0.441-45.567) 0.205
IDH /2 mutation 10.116 (0.989-103.475) 0.051 15.114 (1.076-212.379) 0.044
Older patients (age, =60 years)
miR-425 (high vs. low) 0.631 (0.337-1.180) 0.149 0.752 (0.411-1.374) 0.353
WBC (<20 vs. =20x10°/1) 1.188 (0.608-2.323) 0.615 1.039 (0.544-1.987) 0.907
FLT3-ITD 1.149 (0.530-2.491) 0.724 1.029 (0.470-2.256) 0.942
NPM 1 mutation 0.874 (0.415-1.837) 0.722 0.981 (0.465-2.066) 0.959
DNMT3A mutation 1.013 (0.478-2.150) 0.972 1.075 (0.521-2.219) 0.844
TP53 mutation 2.216 (0.886-5.099) 0.091 1.859 (0.798-4.333) 0.151
RUNXI mutation 1.020 (0.373-2.790) 0.970 1.157 (0.429-3.124) 0.773
TET2 mutation 1.419 (0.571-3.524) 0451 2.033 (0.826-5.004) 0.123
MLL-PTD 1.300 (0.386-4.382) 0.672 1.892 (0.551-6.494) 0.311
IDH /2 mutation 1.388 (0.608-3.171) 0.436 1.536 (0.673-3.507) 0.308

EFS, event-free survival; OS, overall survival; HR, hazard ratio; 95% CI, 95% confidence interval; miR, microRNA; WBC, white blood cell.

(range, 942.01-17,575.09) in the allo-HSCT group. The
correlation of the miR-425 expression level with the clinical
and molecular characteristics of patients is fully described
in Table I.

In the chemotherapy group, patients with high miR-425
expression level exhibited a higher prevalence of inv(16)/CBF[3-
MYHI11 and low-risk disease, whereas the percentage of
peripheral blood (PB) blasts, French-American-British (FAB)
classification subtype MO, intermediate-risk disease, and
DNMT3A, IDHI/2 and RUNXI mutations were lower in these
patients. There were no significant differences between the
two expression groups in terms of age and gender distribution,

WBCs, bone marrow (BM) blasts, FAB subtypes other than MO,
karyotypes other than inv(16)/CBFp-MYH11, low-risk disease,
relapse rate, and FLT3-ITD, NPM1, CEBPA, MLL-PTD,
NRAS/KRAS, TET2 and TP53 mutations.

In the allo-HSCT group, patients with high miR-425
expression level exhibited increased prevalence of
inv(16)/CBFB-MYHI11 and MLL-PTD mutations, whereas
the prevalence of trisomy 8 karyotype was lower in these
patients. There were no significant differences between the
two expression groups in terms of age and gender distribution,
WBCs, BM blasts, PB blasts, FAB classification, risk stratifi-
cation, frequent AML mutations (FLT3-ITD, NPM1, CEBPA,
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Table III. Univariate and multivariate analyses for EFS and OS in the allogeneic hematopoietic stem cell transplantation group.

A, Univariate analysis

Variables

miR-425 (high vs. low)
Age (=60 vs. <60 years)
WBC (<20 vs. =20x10°/1)
FLT3-ITD

NPM 1 mutation
DNMT3A mutation
TP53 mutation

RUNXI mutation

TET2 mutation

CEPBA double mutation
MLL-PTD

IDH /2 mutation

B, Multivariate analysis

miR-425 (high vs. low)
Age (=60 vs. <60 years)
WBC (<20 vs. =20x10°/1)
FLT3-ITD

NPM I mutation
DNMT3A mutation
TP53 mutation

RUNXI mutation

TET2 mutation

CEPBA double mutation
MLL-PTD

IDH1/2 mutation

EFS 0S
HR (95% CI) P-value HR (95% CI) P-value
0.983 (0.576-1.678) 0.951 0.932 (0.544-1.598) 0.798
1.003 (0.748-1.345) 0.982 1397 (0.777-2.512) 0.265
1.244 (0.726-2.132) 0.426 1.052 (0.614-1.806) 0.851
1.242 (0.690-2.236) 0.469 1.244 (0.692-2.235) 0.466
0.864 (0.470-1.590) 0.639 0.879 (0.478-1.617) 0.678
1.141 (0.619-2.104) 0.672 1.269 (0.686-2.347) 0.447
1.750 (0.623-4.912) 0.288 3.788 (1.289-11.133) 0015
1.545 (0.725-3.290) 0.260 2.523 (1.046-4.849) 0.038
1.270 (0.708-2.278) 0.423 1.099 (0.614-1.969) 0.750
0.603 (0.145-2.517) 0.488 0.616 (0.149-2.539) 0.502
6.529 (2.185-19.511) 0.001 3.106 (1.104-8.741) 0.032
1.192 (0.863-1.646) 0.287 1.117 (0.810-1.540) 0.500
0.983 (0.594-1.917) 0.960 0.764 (0.404-1 .444) 0.408
1.179 (0.588-2.364) 0.643 1.458 (0.736-2.888) 0.280
1515 (0.773-2.972) 0.227 1.134 (0.584-2.200) 0.711
1.251 (0.552-2.834) 0.591 1.626 (0.717-3.690) 0.245
0.858 (0.368-2.004) 0.724 0.908 (0.370-2.230) 0.834
1.248 (0.599-2.598) 0.554 1.567 (0.740-3.318) 0.240
2.273 (0.692-7.466) 0.176 5271 (1.549-17.938) 0.008
1.661 (0.670-4.118) 0273 3.039 (1.181-7.817) 0.021
1.812 (0.509-6.443) 0.359 1.968 (0.505-7.675) 0.329
0.531 (0.116-2.434) 0415 0.717 (0.161-3.198) 0.663
4.713 (1.234-18.002) 0.023 1.884 (0.532-6.667) 0.326
1.332 (0.582-3.047) 0.498 1429 (0.617-3.311) 0.405

EFS, event-free survival; OS, overall survival; HR, hazard ratio; 95% CI, 95% confidence interval; miR, microRNA; WBC, white blood cell.

DNMT3A, IDHI/2, RUNXI, NRAS/KRAS, TET2 and TP53)
and relapse rate.

Univariate and multivariate Cox analysis for prognosis
in the chemotherapy and allo-HSCT groups. The effect of
clinical and molecular characteristics on survival was next
evaluated. The results of this analysis for the chemotherapy
and allo-HSCT groups are summarized in Tables II and III.
In the chemotherapy group (Table II), univariate analysis
revealed that high miR-425 expression was associated
with significantly more favorable EFS (P=0.002) and OS
(P=0.005), while TP53 mutations were associated with poor
EFS (P=0.002) and OS (P=0.002). Since the age group was
observed to be a significant predictive factor for EFS and OS
(all P<0.001), younger and older subgroups were analyzed
separately in multivariate analyses. In younger patients, only
FLT3-ITD, NPM1, DNMT3A, TET2, IDHI/2 was included in
multivariate analysis due to their relatively high mutation rate,

which is more than 5% in younger patients. The results indi-
cated that high miR-425 expression independently predicted
a longer EFS and OS (both P=0.001). However, DNMT3A
mutation in younger patients indicated a relatively shorter
EFS (P=0.027) and OS (P=0.020), and IDH1/2 mutation also
indicated shorter OS (P=0.044). In older patients, the miR-425
expression level was not associated with survival.

In the allo-HSCT group, univariate and multivariate
analyses indicated that 7P53 (P=0.015 and 0.008, respectively)
and RUNXI (P=0.038 and 0.021, respectively) mutations
contributed to poor OS. In addition, MLL-PTD mutations had
an adverse effect on EFS and OS in univariate analysis (both
P<0.05), and remained significantly associated with shorter EFS
in multivariate analysis (P=0.023). However, miR-425 had no
effect on EFS and OS in univariate and multivariate analyses.

Subsequently, AML patients in both the chemotherapy
and allo-HSCT groups were also analyzed as a whole using
multivariate analysis, and the results are presented in Table I'V.
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Table I'V. Multivariate analysis for EFS and OS in all patients.
EFS (0N

Variables HR (95% CI) P-value HR P-value
miR-425 (high vs. low) 0.713 (0.473-1.074) 0.106 0.814 (0.543-1.220) 0.319
Age (=60 vs. <60 years) 2.065 (1.374-3.105) <0.001 2.218 (1.458-3.373) <0.001
WBC (<20 vs. =20x10°/1) 1.365 (0.900-2.070) 0.143 1.144 (0.760-1.723) 0.519
Treatment (chemo vs. allo-HSCT) 0.653 (0.443-0.963) 0.031 0.549 (0.370-0.817) 0.003
FLT3-ITD 1.262 (0.783-2.035) 0.339 1.299 (0.793-2.128) 0.298
NPM 1 mutation 0.932 (0.570-1.523) 0.778 0.958 (0.581-1.580) 0.867
DNMT3A mutation 1.455 (0.946-2.236) 0.087 1.591 (1.044-2.423) 0.031
TP53 mutation 2.735 (1.401-5.340) 0.003 3.307 (1.675-6.526) 0.001
RUNX]I mutation 1.754 (0.962-3.196) 0.067 2.170 (1.185-3.974) 0.012
TET2 mutation 1.306 (0.691-2.469) 0410 1.584 (0.853-2.942) 0.145
CEPBA double mutation 0.890 (0.206-3.856) 0.877 0.981 (0.228-4.214) 0979
MLL-PTD 1.999 (0.903-4.426) 0.088 1.900 (0.868-4.159) 0.108
IDH /2 mutation 1.503 (0.907-2.493) 0.114 1.437 (0.873-2.365) 0.154

EFS, event-free survival; OS, overall survival; HR, hazard ratio; 95% CI, 95% confidence interval; miR, microRNA; WBC, white blood cell;
chemo, chemotherapy; allo-HSCT, allogeneic hematopoietic stem cell transplantation.
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Figure 1. Kaplan-Meier curves of EFS and OS in the chemotherapy and allo-HSCT groups. (A) EFS and (B) OS in the chemotherapy group were longer in
patients with high miR-425 expression. (C) EFS and (D) OS in younger patients undergoing chemotherapy were longer in the high miR-425 expression group.
(E) EFS and (F) OS in older patients undergoing chemotherapy were similar in the groups with low and high miR-425 expression.
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Figure 2. Kaplan-Meier curves of EFS and OS in patients with high and low miR-425 expression. (A) EFS and (B) OS in patients with high miR-425 expression
were not significantly different between the allo-HSCT and chemotherapy groups. (C) EFS and (D) OS in the low miR-425 expression group were longer in
patients treated with allo-HSCT as compared with those treated with chemotherapy. EFS, event-free survival; OS, overall survival; allo-HSCT, allogeneic

hematopoietic stem cell transplantation; miR, microRNA.

Mutations in DNMT3A and RUNXI were observed to have
an unfavorable effect on OS (P=0.031 and 0.012, respec-
tively), while older age, chemotherapy and 7P53 mutations
contributed to poor EFS and OS (all P<0.05). No significant
differences were identified in EFS and OS between the high
and low miR-425 expression groups.

Prognostic value of miR-425 expression. Kaplan-Meier
survival estimate in the chemotherapy group indicated a
better prognosis for EFS (P<0.001) and OS (P=0.004) in
patients with high expression of miR-425 as compared with
that in patients exhibiting low miR-425 expression (Fig. 1A
and B). Upon the division of AML patients undergoing chemo-
therapy into a younger and older age group, miR-425 was
only associated with EFS and OS (both P=0.001) in younger
patients (Fig. 1C and D), whereas no significant prognostic
value was observed in older patients (Fig. 1E and F). In the

allo-HSCT group, no significant differences were observed
between patients with high versus low miR-425 expression
(Fig. 1G and H).

Next, the entire cohort of patients was divided into
two groups according to the expression levels of miR-425.
Kaplan-Meier survival estimate demonstrated that no signifi-
cant differences were observed between patients treated with
allo-HSCT and chemotherapy in the high miR-425 expres-
sion group (Fig. 2A and B). By contrast, EFS and OS (both
P<0.001) were longer in patients treated with allo-HSCT as
compared with those treated with chemotherapy in the low
miR-425 expression group (Fig. 2C and D).

Discussion

In the current study, higher miR-425 expression indicated better
survival prospects for younger AML patients who received
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chemotherapy. By contrast, miR-425 expression exhibited no
prognostic value in patients treated with allo-HSCT.

The data reported in the present study revealed that
low-risk patients and the favorable cytogenetic alteration
inv(16)/CBFB-MYHI11 appeared more frequently in the high
miR-425 expression group, while unfavorable genetic mutations
in RUNXI were more often observed in the low expression
group. This implies that miR-425 upregulation may serve the
same role as inv(16)/CBF-MYHI1 in predicting the prognosis
for AML patients. Accordingly, downregulation of miR-425
may have similar prognostic features to RUNXI mutation.
Univariate analysis in the chemotherapy group indicated a puta-
tive favorable role of high miR-425 expression in AML patients.
Furthermore, it was observed that the patient age had consider-
able implications on the therapeutic outcomes, and high miR-425
expression only indicated longer EFS and OS in younger AML
patients that received chemotherapy. Kaplan-Meier survival
curve analysis indicated the same results. By contrast, miR-425
expression levels were found to have no effect in the allo-HSCT
group, suggesting that allo-HSCT overrides the prognostic
ability of miR-425 expression.

Epigenetic modifiers, such as IDH1/2, TET2 and DNMT3A
mutations, affect the expression of genes that are crucial to leuke-
mogenesis, and as a consequence, they powerfully influence the
prognosis of AML. In addition, IDHI, IDH2 and TET2 muta-
tions are known to modulate DNA hydroxymethylation (23),
while DNMT3A mutations are involved in DNA methylation,
and increased risk of relapse or mortality in AML (24). It was
demonstrated in the present study that the incidence of IDH1/2
and DNMT3A mutations was significantly higher in patients
with low miR-425 expression, suggesting that miR-425 may
also affect the prognosis through epigenetic regulation.

Allo-HSCT is one of the curative treatment options for
patients with AML (25). In order to decide between transplant
and non-transplant consolidation strategies, it is crucial to
gain a clear idea of the outcome to be expected subsequent
to allo-HSCT (26). The present study findings suggested that
allo-HSCT may be more effective for AML patients expressing
low miR-425 levels, whereas it may not be as effective for
patients with high miR-425 expression, thus highlighting the
potential utility of miR-425 in treatment selection.

There are certain limitations in the current study. Firstly,
when patients treated with chemotherapy were analyzed by
age subgroup, the sample size in each age group was small; in
particular, there were only 29 patients in the younger subgroup.
In addition, certain genes were required to be deleted from the
multivariate analysis due to their low mutation rate, in order
to ensure statistical efficiency. Finally, although the associa-
tion between miR-425 expression levels and clinical outcomes
was illustrated in this pilot study, further laboratory work is
required to elucidate whether miR-425 functions as a tumor
suppressor in AML and the underlying mechanisms involved.
In our future work, in vitro and in vivo mouse experiments will
be conducted to identify the target genes or pathways.

In conclusion, to the best of our knowledge, the present
study analysis is the first to demonstrate that high miR-425
expression is an independent positive prognostic factor in
younger AML patients undergoing chemotherapy. In addi-
tion, miR-425 upregulation may a factor for advising against
allo-HSCT in AML patients.
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