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1 1 receptor (/GF-1R) was identified as a direct target
F-1R expression was upregulated in patients with AML
R expression inversely correlated with miR-628 level. Furthermore,
itated the tumor suppressive effect of miR-628 in AML cells. Restora-
abrogated the effects of miR-628 on the proliferation, cycle status,
COP AML cells. miR-628 inhibited the activation of phosphatidylinositol-
asphate 3-kinase (PI3K)/protein kinase B (Akt) pathway in AML cells both in vitro

role as a therapeutic target in patients with this aggressive hematological malignant tumor.
Keywords: acute myeloid leukemia, microRNA-628, proliferation, cell cycle, apoptosis,
insulin-like growth factor 1 receptor, PI3K/Akt pathway

Introduction

Acute myeloid leukemia (AML), a very aggressive leukemic subtype, is a bone
marrow malignancy characterized with abnormal growth of bone marrow stromal
cells.! It accounts for about 15%—-20% of cases of acute leukemia in children.? Genetic
abnormalities that interfere with the growth, metastasis, and differentiation of nor-
mal hematopoietic progenitor cells are involved in AML pathogenesis;** however,
the detailed mechanisms underlying the occurrence and development of AML are
incompletely understood. At present, the treatment strategies for patients with AML
include chemotherapy, targeted therapy, and hematopoietic stem cell transplantation.’
The significant development in treatment strategies has greatly improved the thera-
peutic outcomes of patients with AML over last several decades. Unfortunately, a
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large number of patients with AML still relapse and die of
the disease.” In this regard, elucidation of the molecular
processes and mechanisms responsible for AML develop-
ment and progression is of great importance to develop
reliable therapeutic approaches for patients with this dis-
ease. microRNAs (miRNAs) have great importance in the
progression and development of AML.® miRNAs belong to
a group of noncoding and short RNA molecules composed
of 17-23 nucleotides.” miRNAs function as gene regulators
by directly binding to the 3’-untranslated regions (3’-UTRs)
of'their target genes and inducing degradation and/or transla-
tional suppression of messenger RNAs (mRNAs).!° To date,
over 1,881 human miRNAs have been identified in miRBase
(Release 21; http://www.mirbase.org/) that are thought to

modulate the expression of about 30% human protein-coding
genes.!! The expression patterns of miRNAs are altered in
almost all human malignancies, suggesting that the changes
in miRNA expression may have crucial effect on carcinogen-
esis and cancer progression.'>'* Several miRNAs that serve
as tumor suppressors or oncogenes have been reported to be
dysregulated in AML.">"'7 Therefore, miRNAs may serve as
the potential targets for AML treatment.

The expression of miR-628-3 p (miR-628) is dysregulated
in multiple types of human cancers, wherein it performs a
tumor roles.'® 2! However, no specific study has explored th
expression pattern and role of miR-628 in AML. Ipdim

was a direct target gene
of this study indjg

Human samp
Bone marrow speciiens were obtained from 39 patients
with AML and 23 healthy controls from Jingjiang People’s
Hospital, The Seventh Affiliated Hospital of Yangzhou
University, between March 2015 and September 2017. The
clinical and molecular characteristics of AML patients are
provided in the Table 1. None of the patients had received
chemotherapy, radiotherapy, targeted therapy, or hemato-
poietic stem cell transplantation before bone marrow aspi-
ration. Patients who had been treated with abovementioned
therapeutic techniques were excluded from this study. This

Table | Clinical and molecular characteristics of acute myeloid
leukemia patients

Characteristics Number

FAB subtype
MI 6
M2 |
M4 10
M5 Il
Mé 8
M7 3

FLT3-ITD
Absence 28
Presence 1

NPMI
Absence 2
Presence 17

DNMT3A
Absence 24
Presence

RUNXI
Absence

o

Presence

e Ethics Committee Hospital
’s Hospital (ethic number: 20150312)
in accordance with the Declaration of

eople’s Hospital, The Seventh Affiliated Hospital
angzhou University. Written informed consent was also
rovided by all participants.

Cell lines

A total of three human AML cell lines (HL-60, Kasumi-1,
and THP-1) and a normal bone marrow cell line (HS-5)
were purchased from the American Type Culture Collec-
tion (Manassas, VA, USA). DMEM containing 10% heat-
inactivated FBS (both from Gibco; Thermo Fisher Scientific,
Inc., Waltham, MA, USA), 100 U/mL of penicillin, and
100 mg/mL of streptomycin (Sigma-Aldrich, St Louis, MO,
USA; Merck KGaA, Darmstadt, Germany) was used to
culture all AML cell lines. All cultures were maintained at
37°C in a humidified incubator containing 5% CO,,.

Transfection of mimics, small-interfering
RNA (siRNA), and plasmid

The miR-628 mimics and miRNA mimics negative con-
trol (miR-NC) were chemically synthesized by Shanghai
Genechem Co., Ltd. (Shanghai, P.R. China). To knockdown
IGF-IR expression, an siRNA against /GF-I/R (IGF-1R
siRNA) and a negative control siRNA (NC siRNA) were
purchased from Shanghai GenePharma Co., Ltd. (Shanghai,
P.R. China). /GF-1R expression plasmid pcDNA3.1-IGF-1R
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(pc-IGF-1R) and empty pcDNA3.1 plasmid were obtained
from GeneCopoeia, Inc. (Rockville, MD, USA). Cells were
seeded into six-well plates at a density of 5x10° cells/well.
The miRNA mimics, siRNA, or plasmid was transfected into
cells using Lipofectamine® 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.) according to the manufacturer’s protocols.
Cells were incubated at 37°C with 5% CO,. Transfected cells
were collected after incubation for different time points and
used in the subsequent experiments.

Reverse-transcription quantitative
polymerase chain reaction (RT-qPCR)

Mononuclear cells were isolated from the bone marrow
samples using Ficoll-Paque Plus (GE Healthcare, Chicago,
IL, USA), in accordance with the manufacturer’s protocols.
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.)
was used to extract total RNA from mononuclear cells and
cultured cell lines, and the RNA was reverse transcribed into
complementary DNA (cDNA) using TagMan MicroRNA RT
kit (Applied Biosystems; Thermo Fisher Scientific, Inc.). miR-
628 expression was determined using TagMan MicroRNA
Assay kit (Applied Biosystems; Thermo Fisher Scientific,
Inc.). To quantify /GF-1R mRNA expression, cDNA was

The regulatory ro
cells was ey

A total of 10
Technologies, |

af CCK-8 assay solution (Dojindo Molecular
", Kumamoto, Japan) was added into each
well at each time point. Following 2 hours of incubation
at 37°C with 5% CO,, the optical density was detected at
450 nm wavelength using an ELx808 absorbance reader
(BioTek Instruments, Inc., Winooski, VT, USA).

Flow cytometry analysis of cell cycle and
apoptosis

After 48 hours of transfection, the cells were harvested,
washed twice with ice-cold PBS (Gibco; Thermo Fisher

Scientific, Inc.), and fixed with 70% ethanol at 4°C for
1 hour. Cells were incubated with 50 uL of RNase 1 at room
temperature for 10 minutes to degrade RNA. Cells were
centrifugated at 157x g at 4°C for 5 minutes, followed by the
addition of 25 uL of propidium iodide solution and 425 pL of
cell staining buffer (both from BioLegend, San Diego, CA,
USA). Cell cycle status was evaluated using a flow cytometer
(FACScan; BD Biosciences, Franklin Lakes, NJ, USA).
Cell apoptosis was assessed after 48 hours of transfec-
tion using an Annexin V-fluorescein isothiocyanate (FITC)
Briefly, the trans-

apoptosis detection kit (BioLegg

8 mimics or miR-NC was transfected into
fter 24 hours of incubation, the transfected
ollected and subcutaneously administered into
aind flanks of nude mice. The width and length of tumor
xenografts were detected every 2 days using a Vernier caliper.
The tumor volumes were analyzed using the equation: tumor
volume (mm?) = width? (mm?) X length (mm)/2. The tumor
xenografts were excised from the mice sacrificed after
4 weeks of cell implantation and weighed. Xenograft tumor
experiment was performed in accordance with the Guide for
the Care and Use of Laboratory Animals and approved by the
Ethics Review Committee of Jingjiang People’s Hospital, The
Seventh Affiliated Hospital of Yangzhou University, and was
conducted in accordance with the Declaration of Helsinki.

Bioinformatics prediction
Three different miRNA target prediction softwares, includ-
ing TargetScan (http://www.targetscan.org/), miRDB (http://

www.mirdb.org/), and miRanda (http://www.microrna.org),

were used to predict the putative targets of miR-628.

Luciferase reporter assay

The luciferase reporter plasmids harboring the wild-type
(WT) and mutated (MUT) 3’-UTR of /GF-IR gene were
designed and obtained from Shanghai GenePharma Co.,
Ltd.; these were referred as pmiR-IGF-1R-3"-UTR WT and
pmiR-IGF-1R-3’-UTR MUT, respectively. For the reporter
assay, cells were plated in 24-well plates at a concentration
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of 1x10° cells/well. miR-628 mimics or miR-NC was cotrans-
fected with pmiR-IGF-1R-3’-UTR WT or pmiR-IGF-1R-3’-
UTR MUT into cells using Lipofectamine 2000, following
the manufacturer’s protocols. After 48 hours, the transfected
cells were harvested and the luciferase activity was evaluated
using a Dual-Luciferase Reporter Assay System (Promega
Corp., Madison, WI, USA), according to the manufacturer’s
protocols. Firefly luciferase activity was normalized to that
of Renilla luciferase activity.

Western blot analysis
Total cellular protein was isolated from the cultured cells or
bone marrow specimens using a radioimmunoprecipitation
assay lysis buffer (Sigma-Aldrich). A bicinchoninic acid
protein assay reagent kit (Pierce; Thermo Fisher Scientific,
Inc.) was used to detect the concentration of total protein.
Equal amounts of proteins were loaded, separated by 10%
SDS-PAGE, and transferred onto polyvinylidene fluoride
membranes (EMD Millipore, Billerica, MA, USA). After
blocking with 5% nonfat milk in Tris-buffered saline con-
taining 0.1% Tween-20, the membranes were incubated
overnight at 4°C with the following primary antibodies:
rabbit anti-human monoclonal IGF-1R antibody (ab182408;
1:1,000 dilution; Abcam, Cambridge, UK), rabbit anti-hunf
monoclonal antibody to phosphorylated phosphatidylinosito
4,5-bisphosphate 3-kinase (p-PI3K; ab18265 ;

monoclonal Akt antibody
Cruz Biotechnology),

Biotechnology),

and the prote Pnals were detected using an enhanced

chemiluminesce eagent (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA®Quantity One software version 4.62
(Bio-Rad Laboratories, Inc.) was used for the quantification

of protein expression.

Statistical analysis

All data were expressed as the mean + standard error from at
least three independent experiments. The difference between
two groups was analyzed using Student’s #-test. One-way
ANOVA, followed by the Student—Newman—Keuls post hoc

test, was used to compare the differences between multiple
groups. Spearman’s correlation analysis was carried out to
determine the correlation between miR-628 and /GF-IR
mRNA levels in patients with AML. All statistical analyses
were performed using SPSS 21.0 software (IBM Corpora-
tion, Armonk, NY, USA). P<<0.05 indicated statistically
significant difference.

Results

miR-628 expression is downregulated
in AML

To investigate the biological role g

controls (Fig

three
an

-628 downregulation may be related to the
ent of AML.

ctopic miR-628 expression inhibits AML

owth in vitro

HL-60 and THP-1 cell lines exhibited a relatively lower
miR-628 expression among the three AML cell lines; there-
fore, we chose the two cell lines as models to investigate
the effects of miR-628 on AML progression. miR-628 was
exogenously expressed by transfecting miR-628 mimics into
HL-60 and THP-1 cells, and the expression was confirmed
by RT-qPCR analysis (Figure 2A, P<<0.05). CCK-8 assay
was used to evaluate the impact of miR-628 overexpression
on AML cell proliferation. We observed that miR-628 over-
expression significantly inhibited the proliferation of HL-60
and THP-1 cells compared with the cells transfected with
miR-NC (Figure 2B, P<<0.05). Considering the inhibitory
effect of miR-628 expression on AML cell proliferation, we
investigated whether miR-628 expression affected AML cell
cycle and apoptosis. Flow cytometry analysis was performed
to determine cell cycle status and apoptosis of HL-60 and
THP-1 cells transfected with miR-628 mimics or miR-NC.
The results showed that the ectopic expression of miR-628 in
HL-60 and THP-1 cells resulted in a decrease in the percentage
of cells in S phase and an increase in the percentage of cells in
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Abbreviations: AML, acute myeloid leukemia; RT-qPCR, reverse-transcription quantitative polymerase chain reactj
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Figure 2 miR-628 overexpression inhibits proliferation, induces cell cycle arrest, and promotes apoptosis of HL-60 and THP-1 cells.

Notes: (A) RT-qPCR analysis was performed to measure miR-628 expression in HL-60 and THP-I cells after transfection with miR-628 mimics or miR-NC. *P<<0.05 vs
miR-NC. (B) CCK-8 assay was used to evaluate the proliferative ability of miR-628-overexpressing HL-60 and THP-1 cells. *P<<0.05 vs miR-NC. (C, D) Cell cycle status and
apoptotic rate of HL-60 and THP-1 cells treated with miR-628 mimics or miR-NC were determined using flow cytometry analysis. *P<<0.05 vs miR-NC.

Abbreviations: CCK-8, cell counting kit-8; miR-NC, miRNA mimics negative control; RT-qPCR, reverse-transcription quantitative polymerase chain reaction.
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GO0/G1 phase (Figure 2C, P<<0.05). Furthermore, the apoptotic
rate of HL-60 and THP-1 cells significantly increased follow-
ing transfection with miR-628 mimics (Figure 2D, P<<0.05).
These results suggest that miR-628 inhibits AML cell growth
in vitro via induction of apoptosis and cell cycle arrest.

IGF-1R is a direct target gene of miR-628
in AML cells

miRNA modulates gene expression by binding to the 3’-UTR
of their target genes, subsequently leading to mRNAs
degradation and/or translation suppression. To clarify the
mechanisms underlying the roles of miR-628, three public
miRNA databases, TargetScan, miRDB, and miRanda,

IGF-1R-3-UTRWT &

were scanned to predict the potential target of miR-628.
As indicated in Figure 3A, the 3’-UTR of /GF-IR contains
a highly conserved binding site for miR-628. IGF-1R was
of particular interest because of its involvement in AML
progression.?2¢ Luciferase reporter assay was performed to
confirm this hypothesis. Luciferase reporter plasmid carrying
the WT or mutant 3’-UTR-binding site of /GF-1R was chemi-
cally synthesized and cotransfected with miR-628 mimics or
miR-NC into HL-60 and THP-1 cells. The results showed
that the resumption of miR-628 expression decreased the

luciferase activity in HL-60 and THP-1 ansfected with

hsa-miR-628 3’ AGCUGACGGUGA
IGF-1R-3-UTRMUT & UUUUAGGACACC
B C
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Figure 3 miR-628 directly targets IGF-/R in AML cells.

T 1
HL-60 THP-1

Notes: (A) The putative wild-type (WT) and mutated (MUT) binding sites for miR-628 in the 3"-UTR of IGF-/R are shown. (B) miR-628 mimics or miR-NC and a luciferase
plasmid carrying the WT or MUT miR-628-binding site were transfected into HL-60 and THP-1 cells. After 48 hours of transfection, the transfected cells were harvested and
subjected to quantification of luciferase activity using a Dual-Luciferase Reporter Assay System. *P<<0.05 vs miR-NC. (C) The expression levels of IGF-IR mRNA in the bone
marrow samples were derived from 29 patients with AML and 23 healthy controls were detected with RT-qPCR. *P<<0.05 vs miR-NC. (D) Spearman’s correlation analysis
was used to examine the correlation between miR-628 and IGF-IR mRNA levels in patients with AML. r=—0.5393, P=0.0025. (E, F) RT-qPCR and Western blot analysis were
performed to detect the expression levels of IGF-1R mRNA and protein, respectively, in miR-628-overexpressing HL-60 and THP-1| cells. Western blot analysis was repeated
at least three times. *P<<0.05 vs miR-NC.

Abbreviations: AML, acute myeloid leukemia; IGF-IR, insulin-like growth factor | receptor; miR-NC, miRNA mimics negative control; RT-qPCR, reverse-transcription
quantitative polymerase chain reaction; 3-UTR, 3’-untranslated regions.
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was unaffected (Figure 3B), suggesting that miR-628 may
recognize and bind to the 3’-UTR of /GF-1R.

We detected /IGF-1R expression level in the bone marrow
specimens derived from 29 patients with AML and 23 healthy
controls using RT-qPCR analysis and found that /GF-1R
mRNA expression was significantly upregulated in patients
with AML (Figure 3C, P<<0.05). Furthermore, an inverse
correlation was observed between miR-628 and /GF-IR
mRNA levels in patients with AML (Figure 3D; =—0.5393,
P=0.0025). We examined whether miR-628 affects the endoge-
nous /GF-1R expression in AML cells. RT-qPCR and Western
blot analysis showed that the enforced miR-628 expression
resulted in the reduction of IGF-1R expression in HL-60 and
THP-1 cells at both mRNA (Figure 3E, P<<0.05) and protein

A 159 | CTINC siRNA
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x °
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w 9104
S
o
> o
caron (N - =
E -% 05_
< < <« < oI
F4 F4 P4 Z O
g xr oz z g . .
[ 2 [ "
¢ =z ¢ = 0oLl | siim i==1
w 'S
] ]

HL-60

(Figure 3F, P<<0.05) levels. These observations demonstrate
that /GF-IR is a direct target of miR-628 in AML cells.

IGF-1R expression inhibition imitates the

miR-628-induced phenotype in AML cells

Considering /GF-1R as a direct target gene of miR-628, we
investigated the functional role of /GF-/R in AML cells by
introducing an siRNA targeting /GF-1R (IGF-1R siRNA) into
HL-60 and THP-1 cells. Western blot analysis confirmed the
downregulated expression of /GF-IR in IGF-1R siRNA-
transfected HL-60 and THP-1 cel ared with the cells
.CCK-8 assay
y reduced the
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Figure 4 Silencing of IGF-IR expression simulates the effects of miR-628 overexpression in HL-60 and THP-| cells.

Notes: (A) Western blot analysis was carried out to determine IGF-1R expression in HL-60 and THP-1 cells treated with IGF-IR siRNA or NC siRNA.Western blot analysis
was repeated at least three times. *P<<0.05 vs NC siRNA. (B) The effect of IGF-/R inhibition on HL-60 and THP-1 cell proliferation was determined by CCK-8 assay. *P<<0.05
vs NC siRNA. (C, D) Flow cytometry analysis was used to assess the cell cycle status and apoptotic rate of HL-60 and THP-1 cells after transfection with IGF-IR siRNA or
NC siRNA. #P<<0.05 vs NC siRNA.

Abbreviations: CCK-8, cell counting kit-8; IGF-IR, insulin-like growth factor | receptor; NC, negative control; siRNA, small-interfering RNA.
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In addition, the cell cycle status and apoptosis rate of HL-60
and THP-1 cells treated with IGF-1R siRNA or NC siRNA
were determined through flow cytometry analysis. Transfec-
tion of IGF-1R siRNA in HL-60 and THP-1 cells induced a
significant decrease in the percentage of cells in S phase and
increased the number of cells in GO/G1 phase (Figure 4C,
P<0.05). As shown in Figure 4D, the percentage of apoptotic
HL-60 and THP-1 cells was higher in the cells subjected
to IGF-IR silencing than in the control cells treated with
NC siRNA (P<<0.05). Together, these data demonstrate
that /GF-1R expression inhibition could mimic the inhibitory

roles of miR-628 in AML cells, suggesting that /GF-1R
serves as a downstream target of miR-628.

Restoration of IGF-/R expression abrogates
the effects of miR-628 in AML cells

Rescue experiments were performed to explore the role of
IGF-1IR in miR-628-regulated AML progression. /GF-IR
expression was recovered in miR-628 mimics-transfected
HL-60 and THP-1 cells after cotransfection with /IGF-1R
expression plasmid pcDNA3.1-IGF-1R (pc-IGF-1R), as
confirmed by Western blot analysis (ks A, P<0.05).
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Figure 5 IGF-IR rescues the miR-628-induced proliferation, migration, and invasion of HL-60 and THP-1 cells.

Notes: HL-60 and THP-I cells were cotransfected with miR-628 mimics and pc-IGF-IR or pcDNA3.I. (A) After 72 hours of transfection, Western blot analysis was
performed to detect IGF-IR protein expression. Western blot analysis was repeated at least three times. *P<<0.05 vs miR-NC. *P<<0.05 vs miR-628 mimics + pcDNA3.1.
(B-D) The proliferation, cell cycle status, and apoptotic rate of HL-60 and THP-1 cells treated as above were evaluated using CCK-8 assay and flow cytometry analysis.

*P<0.05 vs miR-NC. **P<<0.05 vs miR-628 mimics + pcDNA3.1.

Abbreviations: CCK-8, cell counting kit-8; IGF-IR, insulin-like growth factor | receptor; miR-NC, miRNA mimics negative control.
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Functional experiments showed that the effects of miR-628
upregulation on the proliferation (Figure 5B, P<<0.05), cell
cycle status (Figure 5C, P<<0.05), and apoptosis (Figure 5D,
P<0.05) of HL-60 and THP-1 cells were abrogated after the res-
toration of /GF-1R expression. These results suggest that miR-
628 overexpression inhibits the growth of AML cells in vitro,
at least in part, through the inhibition of /GF-/R expression.

miR-628 deactivates the PI3K/Akt

pathway in AML cells by targeting IGF-IR

Multiple studies have reported the involvement of /IGF-1R
in the regulation of the PI3K/Akt signaling pathway.?’3° We
investigated whether miR-628 targets /GF-IR to inhibit the
activation of the PI3K/Akt pathway in AML cells. miR-628
mimics were cotransfected with pc-IGF-1R or pcDNA3.1
into HL-60 and THP-1 cells. Following transfection for
72 hours, Western blot analysis was performed, and the
results revealed that miR-628 overexpression significantly

Relative |

<z\'5l~
S

3 & &
v X v
& N

decreased the protein levels of p-PI3K and p-Akt in HL-60
and THP-1 cells. However, the levels of total PI3K and Akt
proteins were unaltered. Furthermore, /GF-1R restoration
abolished the changes in p-PI3K and p-Akt protein expres-
sion levels induced in response to miR-628 overexpression
(Figure 6, P<<0.05). These results clearly indicate that
miR-628 deactivates the PI3K/Akt signaling pathway in
AML cells by targeting /GF-IR.

miR-628 suppresses tumor growth in
AML in vivo

Xenograft tumor assay was

the effect of
. HL-60 cells
iR-NC and

-
[6)]
)
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-
o
'

Relative IGF-1R
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o
o

o
=}
!

I miR-NC Il miR-628 mimics + pcDNA3.1 & miR-628 mimics + pc-IGF-1R

Figure 6 miR-628 targets IGF-/R to inhibit the activation of PI3K/Akt signaling pathway in AML cells.

Notes: miR-628 mimics and pc-IGF-IR or pcDNA3.1 were introduced into HL-60 and THP-1 cells. Following 72 hours of incubation, the expression levels of molecules
related to the PI3K/Akt pathway were quantified with Western blot analysis. Western blot analysis was repeated at least three times. *P<<0.05 vs miR-NC. **P<<0.05 vs
miR-628 mimics + pcDNA3.1.

Abbreviations: AML, acute myeloid leukemia; IGF-IR, insulin-like growth factor | receptor; miR-NC, miRNA mimics negative control; PI3K, phosphatidylinositol-4,5-
bisphosphate 3-kinase.
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Figure 7 miR-628 inhibits the growth of AML tumors in vivo.

Notes: (A) Representative images of the xenograft tumors obtained from miR-628 mimics- or miR-NC-transfected cells. (B) The tumor volume was detected every 2 days
for 4 weeks. The tumor volumes were determined with the following formula: Volume (mm?®) = width? (mm?) x length (mm)/2. *P<<0.05 vs miR-NC. (C) The xenograft tumors
formed were excised after 4 weeks. The weights were significantly lower in the xenografts obtained from miR-628 group than those obtained from the miR-NC group.
*P<0.05 vs miR-NC. (D) The expression level of miR-628 in the tumor xenografts was detected with RT-qPCR. *P<<0.05 vs miR-NC. (E) Western blot analysis was used to measure
the expression levels of IGF-1R, p-PI3K, PI3K, p-Akt, and Akt proteins in the tumor xenografts. Western blot analysis was repeated at least three times. *P<<0.05 vs miR-NC.
Abbreviations: AML, acute myeloid leukemia; IGF-IR, insulin-like growth factor | receptor; miR-NC, miRNA mimics negative control; PI3K, phosphatidylinositol-4,5-
bisphosphate 3-kinase; RT-qPCR, reverse-transcription quantitative polymerase chain reaction.
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In addition, the weight of tumor xenografts derived from
miR-628 mimics-transfected HL-60 cells was significantly
decreased (Figure 7C, P<<0.05). RT-qPCR analysis was used
to measure the expression level of miR-628 in tumor xeno-
grafts to confirm that miR-628 upregulation was responsible
for the in vivo tumor growth suppression. The data showed
that miR-628 was expressed at high levels in the tumor xeno-
grafts obtained from miR-628 group (Figure 7D, P<<0.05).
Furthermore, the protein levels of IGF-1R and molecules
related to the PI3K/Akt pathway were quantified by Western
blot analysis. An obvious downregulation in the protein lev-
els of IGF-1R, p-PI3K, and p-Akt was observed in the mice
treated with miR-628 mimics (Figure 7E, P<<0.05). These
observations suggest that miR-628 inhibits the growth of
AML cells in vivo via direct targeting of IGF-1R and inhibi-
tion of the PI3K/Akt signaling pathway.

Discussion
A variety of miRNAs have been known to exhibit aberrant
expression in AML.*'"* These dysregulated miRNAs perform
crucial roles in tumorigenesis and tumor progression of AML
and may regulate the major cancer-associated biological
traits.*3¢ Therefore, the comprehensive investigation of the
regulatory mechanism underlying miRNA functions i
occurrence and development is of significant importan?
the development of therapeutic strategies to treg

’r?° and lung cancer.?! In breast cancer, the

AR -628 expression resulted in the inhibition
invasion, and epithelial-to-mesenchymal
transition in vitro.? In lung cancer, resumption of miR-628
expression attenuated cell proliferation and promoted
cell apoptosis in vitro.?! However, the expression pattern
of miR-628 in AML remains unclear. Hence, RT-qPCR
analysis was performed to determine the expression level
of miR-628 in the bone marrow samples derived from the
patients with AML as well as in a panel of AML cell lines.
The data revealed that miR-628 expression was low in

patients with AML and AML cell lines. These findings sug-
gest that miR-628 may serve as an attractive biomarker for
the diagnosis of patients with these human cancers.

Two genes, Son of Sevenless Homolog 1% and heat
shock protein 90a,*! have been validated as direct targets
of miR-628. Validation of the direct targets of miR-628
in AML is essential for the complete understanding of the
molecular mechanisms underlying the functional roles of
miR-628 in AML development and progression and may be
useful for the identification of effective therapeutic target to

treat patients with AML. We atte s determine whether

expression abolished the tumor-suppressive
28 in AML cells. Taken together, miR-628
n as a tumor suppressor in AML by directly
ing IGF-1R.

IGF-1R, a transmembrane tyrosine kinase receptor of the
insulin receptor family, has two extracellular o subunits and
two transmembrane [ subunits.’” IGF-1R was previously
demonstrated to be upregulated in multiple human malignant
tumors, such as colorectal cancer,*® gastric cancer,” breast
cancer,* oral squamous cell carcinoma,*' and glioblastoma.*
IGF-IR activates multiple signaling pathways such as the
PI3K/AKT pathway and is implicated in the carcinogenesis and
progression of various human cancers.** IGF-1R overexpres-
sion was reported in patients with AML as well as in AML
cell lines. IGF-1R activation has been reported to promote
the aggressive phenotypes of AML cells, including cell pro-
liferation, survival, apoptosis, cycle, and chemotherapy resis-
tance.”* 2% Herein, we revealed that miR-628 targeted /GF-1R
and restricted the malignant progression of AML cells in vitro
and in vivo. These observations suggest that silencing of /GF-
1R expression via restoration of miR-628 expression may be
potentially effective for the treatment of patients with AML.

Conclusion

In conclusion, miR-628 expression was downregulated in
patients with AML and in AML cell lines in this study.
Ectopic miR-628 expression inhibited the growth of AML
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cells both in vitro and in vivo by directly targeting /GF-/R 14
and deactivating PI3K/Akt pathway. The results of this study
provide a theoretical basis for the role of miR-628/IGF-1R
pathway in the management of patients with AML. How- !>
ever, this study included several limitations. First, we did
not explore the association between miR-628 and prognosis 16
of AML patients. We will collect the prognosis data and
examine the association between miR-628 and prognosis  17.
of patients with AML. Second, the relationship between
miR-628 expression and the subtype as well as mutations g

of AML patients was not examined. It is due to the small
sample size, and we will collect more samples and resolve
the limitation in the near future. Third, we did not perform
loss-of-function assay to investigate the roles of miR-628
downregulation in AML progression. Fourth, the regula-
tion effect of miR-628 in the PI3K/Akt signaling pathway
in AML tissues was not clarified. The two limitations will
also be resolved in our future investigations.
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