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Abstract
MicroRNA (miR)-381-3p is the newly discovered tumor-associated miRNA, which is frequently associated with diverse 
human malignancies; but, it is still unknown about its effect on acute myeloid leukemia (AML) in children. This work focused 
on exploring miR-381-3p’s effect on childhood AML and identifying the possible mechanisms facilitating new treatment 
development. Using qRT-PCR analysis, miR-381-3p expression remarkably reduced in pediatric AML patients and AML cell 
lines (HL-60 and U937). Following transfection of miR-381-3p mimic or inhibitor into HL-60 and U937 cells, we conducted 
MTT assay to evaluate cell proliferation, flow cytometry (FCM) to measured cell apoptosis and cell cycle, whereas Transwell 
assays to detect cell invasion and migration. Our results demonstrated that miR-381-3p overexpression remarkably repressed 
cell growth, invasion and migration; additionally, miR-381-3p overexpression resulted in arrest of cell cycle and enhanced 
cell apoptosis. In contrast, miR-381-3p knockdown led to an opposite effect. Moreover, we predicted miR-381’s target gene 
and validated it by luciferase reporter assay and TargetScan, separately. We identified miR-381-3p’s binding site in ROCK1 
3′-UTR. As revealed by Western-blot (WB) assay, miR-381-3p overexpression notably suppressed ROCK1 level. Moreover, 
restoring ROCK1 expression abolished miR-381-3p’s inhibition on cell proliferation, invasion and migration. Data in this 
work indicated the role of miR-381-3p as the tumor suppressor within pediatric AML by targeting ROCK1. Therefore, miR-
381-3p might serve as a potential therapeutic target for the treatment of pediatric AML.
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Introduction

Acute myeloid leukemia (AML) represents the highly malig-
nant hematopoietic neoplasm, which is associated with the 
features of disordered differentiation of healthy hematopoi-
etic cells, together with ectopic immature myeloid cell accu-
mulation (Oke et al. 2009; Alcalay et al. 2005). It is reported 
that overall survival (OS) rate of children with AML has 
currently reached 70% in recent clinical trials (Zwaan 
et al. 2015; Rubnitz et al. 2019; Pession et al. 2013), even 
though standard chemotherapy regimens have been intensi-
fied (Bachas et al. 2010; Brown et al. 2004). Thus, novel 
and effective therapeutic strategies are urgently needed. 

Molecular targeting therapy may be a promising candidate 
treatment for pediatric AML.

MicroRNAs (miRNAs) are single-stranded, small (~ 21 
nucleotides), non-coding RNAs (ncRNAs), which play their 
functions in combination with target mRAN 3′-untranslated 
regions (3′-UTR) (Zheng et al. 2011). MiRNAs are asso-
ciated with different pathological and biological events, 
such as cell proliferation, apoptosis, differentiation, migra-
tion, and invasion (Hu et al. 2014; Li et al. 2013). Numer-
ous studies have demonstrated that the dysregulation of 
miRNA expression plays a critical role in human tumor 
occurrence and progression. MiR-381-3p, a novel cancer-
related miRNA, is related to several human cancers, such 
as hepatocellular cancer (HCC) (Zhang et al. 2016), breast 
cancer (BC) (Shalini et al. 2016), osteosarcoma (Wang et al. 
2013), gastric cancer (GC) (Zhang et al. 2017), and oral 
squamous cell carcinoma (OSCC) (Yang et al. 2017). As 
the serine/threonine kinase, Rho-associated-coiled coil-con-
taining kinase 1 (ROCK1) is involved in multiple biological 
processes, containing actin cytoskeleton organization, cell 
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adhesion, and mobility (Cai et al. 2015; Akagi et al. 2014). 
Previous studies have found that activating ROCK1 via Rho 
GTPases enhances cell migration as well as invasion of pros-
tate cancer (PCa) (Kroiss et al. 2015), bladder cancer (Wu 
et al. 2016), BC (Raviraj et al. 2012), and pancreatic cancer 
(Kaneko et al. 2002). ROCK-LIM kinase (LIMK)-Cofilin 
axis plays an important role in regulating cytoskeleton 
assembly (Wang et al. 2019, 2018) and leukemic aggres-
siveness (Zampini et al. 2018; Djamai et al. 2021). A recent 
study showed that miR-381 was downregulated in bone 
marrow tissues and serum of pediatric AML patients and 
its serum level was an independent predictor of prognosis 
(Zhang et al. 2020). However, the role of miR-381 in pedi-
atric AML still needs further elucidation.

This work aimed to examine miR-381-3p’s effect on pedi-
atric AML, and to elucidate those possible mechanisms. As 
a result, miR-381-3p was obviously downregulated in bone 
marrow from children with AML. Moreover, our results 
showed that miR-381-3p overexpression suppressed cell 
growth, apoptosis and arrest of cell cycle, while suppress-
ing cell invasion and migration through targeting ROCK1.

Materials and methods

Patients as well as tissue specimens

We obtained bone marrow specimens in 34 children with 
AML, and 21 healthy children as the normal controls, from 
January 2010 to December 2014 at Ningbo First Hospital of 
Zhejiang University (Ningbo, China). The clinical character-
istics of 34 patients with AML are summarized in Table 1. 
Later, mononuclear cells were isolated from bone marrow 
samples using Ficoll-Paque™ PLUS (GE Healthcare Life 
Sciences, Freiburg, Germany) and preserved under − 80 °C 
for further studies. Our experiments were conducted follow-
ing the 1975 Declaration of Helsinki guidelines and gained 
approval from Medical Ethics Committee of Ningbo First 
Hospital of Zhejiang University. Informed consent was 
obtained from each patient.

RNA extraction together with qRT‑PCR

We utilized RNeasy Mini kit (Qiagen, Hilden, Germany) in 
order to extract total miRNA and RNA following specific 
instructions. Thereafter, total RNA content was quantified by 
Nanodrop 2000 (Thermo Fisher Scientific, Waltham, USA), 
followed by synthesis of cDNA with total RNA extracted by 
TaqMan High-Capacity cDNA Archive kit (Applied Biosys-
tems, Foster, USA) through reverse transcription. To analyze 
mRNA level, TaqMan Universal PCR Master Mix (Applied 
Biosystems) was blended with reverse-transcribed prod-
ucts, followed by qRT-PCR carried out using the Applied 

Biosystems 7500 Fast Real-Time PCR system (Applied Bio-
systems). Sequences of specific primers (Invitrogen, Shang-
hai, China) were showed below, ROCK1, 5′-GGT GGT CGG 
TTG GGG TAT TTT-3′ (F) and 5′-CGC CCT AAC CTC ACT 
TCC C-3′ (R); GAPDH, 5′-ACA ACT TTG GTA TCG TGG 
AAGG-3’ (F), and 5′-GCC ATC ACG CCA CAG TTT C-3′ (R), 
with GAPDH being the internal reference for normalizing 
ROCK1 expression.

To detect miRNA level, we used miRNeasy Mini kit 
(Qiagen, Hilden, Germany) to extract miRNAs and adopted 
TaqMan MicroRNA Assay Kit for detecting miRNA levels 
based on the Applied Biosystems 7500 Fast Real-Time PCR 
systems. The universal small nuclear RNA, U6, served as 
the endogenous reference. 2-∆∆Ct approach was utilized to 
determine relative gene levels.

Cell culture and transfection

We obtained human HL-60 and U937 cells as well as the 
normal bone marrow stromal cell line HS-5 in Shanghai 
Cell Bank, Chinese Academy of Sciences (Shanghai, China), 
and cultivated them within RPMI-1640 that contained 10% 
FBS (Gibco BRL, Rockville, USA) as well as 1% penicillin/
streptomycin (P/S), followed by incubation under 37 °C and 
5%  CO2 conditions. We collected cells at exponential growth 
phase in further assays. In addition, cells were treated with 
20 µM Y-27632 (Sigma-Aldrich, St. Louis, MO, USA) for 
48 h at 37 °C with 5%  CO2.

We adopted Lipofectamine 2000 (Thermo Fisher Sci-
entific, Waltham, USA) for cell transfection in line with 

Table 1  Association between miR-381-3p level and clinicopathologi-
cal features of patients with AML

Parameter Case miR-381-3p expression P value

High (n = 19) Low (n = 15)

Age (years)  > 0.05
  ≤ 6 17 8 9
  6–18 17 11 6

Gender  > 0.05
  Female 18 11 7
  Male 16 9 7

FAB classification  > 0.05
  M1 8 4 4
  M2 5 3 2
  M3 15 9 6
  M4 4 2 2
  M5 2 1 1

Cytogenetics  < 0.05
  Favorable 9 6 3
  Intermediate 9 7 2
  Unfavorable 16 6 10
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specific protocols. Following transfection with miR-381-3p 
mimic/inhibitor, pcDNA3.1-ROCK1 or corresponding nega-
tive controls, designed by Shanghai GenePharma Co., Ltd. 
(Shanghai, China), HL-60 and U937 cells (5 ×  105 cells/
well) were cultivated into each well of 6-well plates until 
70–80% confluency. After transfection for 2 days, we col-
lected cells to conduct later assays.

Cell proliferation analysis (MTT assay)

We utilized the MTT Assay Kit (Sigma-Aldrich, USA) to 
assess cell proliferation in line with specific protocols. Fol-
lowing transfection, HL-60 and U937 cells were transferred 
to a 96-well plate. At the indicated time point (0 h, 12 h, 
24 h, 48 h, and 72 h), MTT solution (20 μL) was placed into 
every well and incubated for another 4 h. The medium was 
discarded and 150 μL dimethyl sulfoxide (DMSO) per well 
was added to dissolve the formosan. A microplate reader 
(Bio-Tek Instruments, Germany) was used to examine the 
absorbance values at 490 nm.

Cell cycle and apoptosis assays

In order to analyze cell cycle distribution, we collected cells 
after transfection for 48 h. After rinsing by PBS, we fixed cells 
with ethanol under − 20 °C, rinsed them by PBS again, followed 
by rehydration and PI staining (BD Biosciences, San Jose, 
USA). We later adopted the flow cytometer (BD Biosciences) 
to analyze stained cells (~ 1 ×  105), and examine them using 
ModFit software (BD Biosciences, San Jose, USA).

To analyze cell apoptosis, we collected cells and rinsed 
them by pre-chilled PBS, followed by staining using the 
Annexin V-fluorescein isothiocyanate apoptosis detection 

kits (BD Biosciences). We later adopted flow cytometer to 
measure stained cells. Early (Annexin  V+/PI−)- and late 
(Annexin  V+/PI+)-phase apoptotic cells were segregated 
with a quadri-plot graph, and the apoptosis was scored by 
quantifying the population of Annexin V-positive cells.

Cell migration and invasion assays

We conducted Transwell assay to measure cell migration 
using the chamber with 8-μm pore filters (Sigma-Aldrich). 
Briefly, after cell transfection, we inoculated cells (2 ×  104) 
on top chamber that contained serum-free medium (200 μL). 
Meanwhile, we added a 750-μL medium that contained 10% 
FBS into the bottom chamber to incubate under 37 °C for 
a 24-h period. Afterwards, cells were subject to 4% para-
formaldehyde (PFA) as well as staining using 0.5% crystal 
violet (Sigma-Aldrich). We later determined the stained cell 
number microscopically and chose 5 fields of view (FOVs) 
to determine the mean value. For invasion assay, we coated 
Matrigel (50 μL, 1:2; BD Biosciences, Franklin Lakes, 
USA) into the upper chamber. The rest of invasion assay 
was performed as migration assay.

Bioinformatic analysis as well as luciferase reporter 
assay

This work adopted the TargetScan online software for pre-
dicting miR-381-3p’s candidate target genes. Among all 
those genes that were compiled, we determined the genes 
that might contribute to pediatric AML progression, and 
analyzed the putative binding sequences.

We amplified 3′ UTR in ROCK1 that contained miR-
381-3p’s-binding site in the human cDNA library. Afterwards, it 

Fig. 1  miR-381-3p shows downregulation within in children with 
AML. RT-qPCR measured level of miR-381-3p in A bone marrow 
samples of AML patients (AML; n = 34) and normal participators 
(n = 21), and B AML cell lines including HL-60 and U937, as well as 

normal bone marrow stromal cell line HS-5. Results are displayed in 
a form of means ± SD from 3 separate assays. *P < 0.05; **P < 0.01 
relative to children receiving orthopedic surgery for correcting skel-
etal deformity
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was inserted in the dual-luciferase expression vector (Promega, 
Madison, WI, USA). Moreover, we acquired the mutant ROCK1 
3′-UTR through overlap-extension PCR. Using Lipofectamine 
2000, we co-transfected ROCK1 MUT or WT 3′-UTR with 
miR-381-3p mimics into HL-60 and U937 cells. Later, dual-
luciferase reporter assay system (Promega Corp., Fitchburg, 
USA) was adopted to measure relative luciferase activity after 
transfection for 48 h. Results were presented in a form of lucif-
erase activity ratio of Renilla to firefly.

Western‑blot (WB) analysis

This study utilized radioimmunoprecipitation buffer (500 μL) 
that contained phenylmethane sulfonyl fluoride (1 mM) to 
extract cellular protein lysates. Afterwards, each sample was 
subject to 2-min sonication and centrifugation to collect col-
lecting supernatants in later assays. We later separated lysates 
through 8% SDS-PAGE, followed by transfer on PVDF mem-
brane. Later, we adopted PBS that contained 5% skimmed milk 
(w/v) and 0.1% Tween-20 (PBST) to block membranes under 
ambient temperature for a 1-h period. Membranes were later 
rinsed by PBST, incubated using anti-GAPDH (1:3000) and 
anti-ROCK1 (1:1000) antibodies (Abcam, Cambridge, MA, 
USA) under 4 °C overnight. After rinsing by PBST again, 
we added the horseradish peroxidase (HRP)-conjugated IgG 
(1:5000) for another 1-h incubation under ambient temperature. 
ECL WB reagents were employed for blot developing.

Statistical analysis

Results were presented in a form of mean ± SD. We adopted 
SPSS18.0 (SPSS Inc., Chicago, IL, USA) in performing statis-
tical analyses. Differences of 2 groups were compared by car-
rying out Student’s t-test, while those among multiple groups 
by one-way ANOVA with post-hoc Dunnett’s multiple com-
parison. P < 0.05 stood for statistical significance.

Results

MiR‑381‑3p is downregulated within bone marrow 
in children with AML

Zhang et al., as pointed out in the original review, have already 
demonstrated the expression of miR-381-3p in pediatric AML 

patients (Zhang et al. 2020). We examined miR-381-3p level 
within bone marrow in children with AML, as well as children 
receiving orthopedic surgery for correcting skeletal deform-
ity (as controls). The qRT-PCR assay demonstrated that miR-
381-3p level within the marrow of children with AML notably 
decreased compared with control group (Fig. 1A). Besides, 
its expression was significantly correlated with cytogenetics 
(Table 1). Moreover, miR-381-3p expression was also down-
regulated in AML cells (HL-60 and U937) compared to normal 
HS-5 cells (Fig. 1B).

miR‑381‑3p overexpression suppresses cell 
growth, induces cell cycle arrest, and promotes cell 
apoptosis

For exploring miR-381-3p’s effect on pediatric AML, we evalu-
ated cell proliferation, cell cycle and apoptosis in AML cell lines 
HL-60 and U937 in response to the transfection of miR-381-3p 
mimic or inhibitor. Based on MTT assays, miR-381-3p upregu-
lation markedly inhibited AML cell growth (Fig. 2A). However, 
miR-381-3p knockdown obviously promoted cell proliferation 
at the indicated time points in HL-60 and U937 cells (Fig. S1A). 
Afterwards, we conducted flow cytometry (FCM) for detecting 
cell apoptosis and cell cycle. Cells with miR-381-3p overex-
pression exhibited dramatically elevated G1-phase cell percent-
age, but significantly decreased S-phase cell percentage, which 
indicated that miR-381-3p overexpression induced cell cycle 
arrest at G1 phase (Fig. 2B), which was reversed by miR-381-3p 
silencing (Fig. S1B). Furthermore, after miR-381-3p mimics 
transfection, the cell apoptosis rate dramatically increased rela-
tive to NC (Fig. 2C), while the apoptosis was significantly inhib-
ited following miR-381-3p knockdown (Fig. S1C).

Overexpression of miR‑381‑3p represses cell 
invasion and migration

For investigating the role of miR-381-3p in AML cell motil-
ity, we analyzed HL-60 and U937 cell migration and invasion 
upon miR-381-3p overexpression or knockdown. As revealed 
by results of Transwell assay, miR-381-3p upregulation dra-
matically reduced HL-60 and U937 cell migration and invasion 
compared with NC group (Fig. 3A and B). On the contrary, the 
inhibition of miR-381-3p led to an increase in cell migration and 
invasion of HL-60 and U937 cells (Fig. S2).

ROCK1 serves as miR‑381‑3p’s target

For illustrating the role of miR-381-3p in repressing cell prolif-
eration, migration, and invasion, its potential targets were identi-
fied by the TargetScan online software. We predicted ROCK1, 
frequently reported to be involved in various human malignan-
cies, to be miR-381-3p’s target (Fig. 4A). For validating whether 

Fig. 2  miR-381-3p overexpression suppresses cell growth, and 
causes cell apoptosis and cell cycle arrest. miR-381-3p mimics or 
NC was transfected into HL-60 and U937 cells. A MTT assay was 
conducted to test cell viability. B FCM was conducted to analyze cell 
cycle distribution. C Cell apoptosis was measured by FCM. Results 
were expressed as means ± SD from 3 separate assays. *P < 0.05, 
**P < 0.01 compared with NC group

◂
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ROCK1 was modulated by directly binding miR-381-3p to the 
corresponding 3′ UTR, we cloned the ROCK1 3′ UTR frag-
ment that contained miR-381-3p target sequences, or the rel-
evant mutant fragment in firefly luciferase vectors. The results 
showed that miR-381-3p overexpression decreased while knock-
down increased the luciferase activity in HL-60 and U937 cells 
transfected with the WT ROCK1 but not the activity of the MUT 
ROCK1 (Fig. 4B). According to Fig. 4C, ROCK1 expression 
decreased within miR-381-3p mimic-transfected cells relative 
to NC group.

Restoring ROCK1 expression reverses miR‑381‑3p’s 
suppression on cell growth, invasion, and migration

As ROCK1 is tightly related to cancer cell proliferation, inva-
sion, and migration, ROCK1 expression within clinical speci-
mens was determined through qRT-PCR. As a result, ROCK1 
was markedly upregulated in the bone marrow of children with 
AML compared with children receiving orthopedic surgery 

for correcting skeletal deformity (Fig. 5A). For determining 
whether miR-381-3p’s inhibition on cell proliferation, inva-
sion and migration were mediated by the downregulation of 
ROCK1, we transfected miR-381-3p overexpression cells using 
recombinant lentivirus carrying ROCK1 gene (Fig. 5B). As 
demonstrated by the results shown in Fig. 5C-E, overexpression 
of ROCK1 reversed the inhibition of cell proliferation, migra-
tion, and invasion ability by miR-381-3p upregulation. Besides, 
ROCK inhibitor Y-27632 and miR-381-3p overexpression have 
similar results with respect to cell proliferation, migration, and 
invasion (Fig. S3).

Discussion

Recent researches have reported that miRNAs play a cru-
cial role in pediatric AML. For example, as suggested 
by Ramamurthy et al., miR-155 level showed close rela-
tion to clinical outcome in pediatric AML (Ramamurthy 

Fig. 3  miR-381-3p overexpression represses cell invasion and migra-
tion. miR-381-3p mimics or NC were transfected into HL-60 and 
U937 cells. Transwell assays were conducted to assess A cell migra-

tion and B invasion. Results are displayed as means ± SD from 3 sep-
arate assays. **P < 0.01 relative to NC group
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et al. 2016). According to Emmrich et al., miR-9 was the 
tumor suppressor, which inhibited AML cell proliferation 
(Emmrich et al. 2014). Moreover, Zhang et al. discovered 
miR-125a downregulation within pediatric AML, while 
miR-125a inhibited the proliferation of HL-60 cells (Zhang 
et  al. 2018). Emerging evidence revealed miR-381-3p 
usually inhibits the progression of diverse cancers, such 
as hepatocellular cancer (HCC) (Zhang et al. 2016), GC 
(Zhang et al. 2017), OSCC (Yang et al. 2017), colorectal 
cancer (CRC) (He et al. 2016), breast cancer (BC) (Xue 
et al. 2017), renal cancer (Chen et al. 2013), lung adeno-
carcinoma (LUAD) (Rothschild et al. 2012), ovarian cancer 
(Xia et al. 2016), and esophageal squamous cell carcinoma 
(ESCC) (Zhou et al. 2015). Recently, miR-381 has been 
shown to be downregulated in the bone marrow tissues of 
AML patients and the overexpression of miR-381 might 
inhibit the proliferation of AML cells by targeting HMGB1 
(Zhang et al. 2020). However, the underlying mechanisms 
of it remain unexplored. In this study, we confirmed that 

the expression of miR-381-3p was significantly downregu-
lated in AML samples and cell lines. Clinically, high miR-
381-3p level was associated with cytogenetics in AML, 
which had also been previously demonstrated (Zhang et al. 
2020). Functional studies concluded that miR-381-3p over-
expression suppressed cell growth, inhibited cell invasion 
and migration, and promoted apoptosis and cell cycle 
arrest of AML cells, while miR-381-3p knockdown led to 
an opposite effect, indicating the feasibility of miR-381-3p 
to be the tumor suppressor of pediatric AML.

For further exploring miR-381-3p’s mechanism as the 
tumor suppressor of pediatric AML, we predicted its candi-
date targets using TargetScan online software. Through dual-
luciferase reporter assay, we identified ROCK1, a tumor-
associated gene, to be miR-381-3p’s direct target. ROCK1, 
an essential effector kinase in the downstream Rho GTPase, 
has an indispensable role in cytoskeleton reorganization and 
cell mobility (Cai et al. 2015; Akagi et al. 2014). ROCK1 
has been increasingly suggested as an oncogene of diverse 

Fig. 4  ROCK1 serves as miR-
381-3p’s direct target. A Predic-
tion of miR-381-3p’s candidate-
binding site in ROCK1 3′ 
UTR using online TargetScan 
software. B miR-381-3p mimic, 
inhibitor, or negative controls 
and a luciferase plasmid carry-
ing the WT or MUT ROCK1 
3′ UTR reporter vectors were 
transfected into HL-60 and 
U937 cells. After 48 h of 
transfection, the transfected 
cells were subjected to quan-
tification of luciferase activity 
using a dual-luciferase reporter 
assay system. C ROCK1 level 
detected through WB analysis 
within miR-381-3p mimics 
or NC-transfected HL-60 and 
U937 cells. **P < 0.01 relative 
to NC group
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human tumors, including GC (Shin et al. 2014), non-small 
cell lung cancer (NSCLC) (Li et al. 2013; Vigil et al. 2012), 
bladder cancer (Wu et al. 2016; Majid et al. 2012), rectal 
cancer (Cai et al. 2015), and vulvar cancer (Akagi et al. 
2014). Besides, ROCK1 is reported to be over-expressed in 
AML, and serves as the therapeutic target in AML (Wermke 
et al. 2015).

The current work observed that ROCK1 expression mark-
edly increased within bone marrow in AML children. For bet-
ter determining the association of miR-381-3p with ROCK1 
expression, HL-60 and U937 cells overexpressing miR-381-3p 
were transfected with lentivirus carrying ROCK1 gene. Accord-
ing to our results, ROCK1 level was markedly decreased 
within HL-60 and U937 cells over-expressing miR-381-3p. 

Fig. 5  Rescuing ROCK1 expression reverses miR-381-3p overexpres-
sion’s inhibition on cell growth, invasion and migration. A ROCK1 
level within the bone marrow of children with AML identified by RT-
PCR. B ROCK1 level analyzed through WB assay within miR-381-3p 

mimics or NC-transfected HL-60 and U937 cells. C MTT assay con-
ducted to detect cell proliferation. D–E Cell migration and invasion 
examined by Transwell assays. Results were displayed as means ± SD 
from 3 separate assays. **P < 0.01
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Additionally, rescuing ROCK1 level reversed miR-381-3p’s 
inhibition on cell growth, invasion and migration. Furthermore, 
the suppression of ROCK1 expression using ROCK inhibitor 
was sufficient to reduce cell proliferation, migration, and inva-
sion ability of AML cell lines. Based on our results, miR-381 
was the tumor suppressor through directly targeting ROCK1. 
Some limitations of this study are noted. First, the clinical 
significance of miR-381-3p and ROCK1 has not been inves-
tigated in a larger cohort. Further 5-year follow-up for AML 
patients was needed. Second, further in vivo experiments were 
necessary for the confirmation of the function of miR-381-3p 
in AML cells. Third, further in-depth exploration was essen-
tial for potential signaling pathway through which miR-381-3p 
exhibited its tumor-related effects.

To sum up, this work demonstrates downregulation of 
miR-381-3p within pediatric AML, which targets ROCK1 
and serves as the tumor suppressor. This work sheds novel 
lights on those molecular mechanisms in pediatric AML 
occurrence. Therefore, miR-381-3p is the possibly novel 
anti-AML therapeutic target in children.
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