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Abstract. Extramedullary infiltration (EMI) is common in
patients with acute myeloid leukemia (AML) and is closely
associated with the prognosis of disease. We previously
reported that patients carrying the AMLI/ETO (A/E) fusion
gene and expressing the amyloid precursor protein (APP)
tended to develop EMI, and had a poor prognosis. In the
present study, the relapse-free survival (RFS) time and overall
survival (OS) time were significantly lower in patients with
EMI. The results demonstrated that the EMI incidence was
significantly higher (P<0.05), while the RFS and OS rates were
significantly lower (P<0.05), in patients with high APP expres-
sion. Kasumi-1 cells, which are A/E*, and the APP gene were
used as the in vitro cell model to detect the mechanism of action
in detail. Following the knockdown of APP expression, cell
migration was significantly reduced (P<0.05). Furthermore,
western blotting demonstrated that the protein expression of
phosphorylated extracellular-signal-regulated kinase (p-ERK),
matrix metalloproteinase-2 (MMP-2) and c-Myc was markedly
reduced following interference of APP, while the expression
of CXCR4 and MMP-9 was not altered. Kasumi-1 cells were
co-cultured with p-ERK or c-Myc inhibitors and demonstrated
that the APP/p-ERK/c-Myc/MMP-2 pathway was involved
in signal transduction and regulation of cell migration.
MicroRNA-144 (miR-144) mimics and transfected Kasumi-1
cells were generated. Reverse transcription-quantitative poly-
merase chain reaction and western blotting demonstrated that
miR-144 was a negative regulator of APP. Taken together, the
findings of the present study suggest that miR-144 negatively
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protein,

targets the APP gene and regulates cell migration via the
APP/p-ERK/c-Myc/MMP-2 pathway.

Introduction

Due to the continued improvement of chemotherapeutic agents,
the remission rate of leukemia has significantly improved (1-3).
However, the recurrence rate remains as high as 30-40% (4).
Extramedullary infiltration (EMI) of acute leukemia includes
a wide variety of clinically significant phenomena that often
pose therapeutic dilemmas. The acute myeloid leukemia 1
protein/protein ETO (AMLI1/ETO; A/E) fusion gene, caused
by a t(8;21) translocation, accounts for 15% of AML cases and
is identified in 15-26.7% of young patients with EMI (5), with
a 5-year overall survival (OS) rate of 61% (6). It is hypoth-
esized that being A/E* is indicative of a good prognosis and
it has been reported that <40% of A/E* leukemia cases have
EMI (7-9). Our previous study demonstrated that patients with
high expression of amyloid precursor protein (APP) were more
likely to develop EMI (10). The aim of the present study was
to investigate the molecular mechanisms of EMI in detail
in vitro.

C-X-C motif chemokine receptor 4 (CXCR4) serves an
important role in cell migration, with certain studies hypoth-
esizing that cell migration is predominantly dependent on the
CXCR4/stromal-derived factor-1 (SDF-1) axis (11). CXCR4
and its ligand SDF-1 are primarily studied for their crucial
roles in the homing of stem and progenitor cells in the bone
marrow, chemotaxis, cell arrest, angiogenesis, metastasis
and cell survival (12). Tavor er al (13) reported that AML
cells constitutively secrete and express SDF-1-dependent cell
surface elastase, which regulates their migration and prolif-
eration. Our previous study revealed that A/E* patients highly
expressed CXCR4. Furthermore, it was found that APP regu-
lated cell migration via matrix metalloproteinase (MMP)-2.
MMP-2 and MMP-9 serve important roles in metastasis due
to their capacity to degrade the extracellular matrix (14,15);
they are hypothesized to be particularly important for cell
migration, as these proteinases act on type IV collagen (11).
Experimental evidence has demonstrated that MMP-2 and
MMP-9 are not only involved in the invasion and metastasis
of solid tumors, but are also overexpressed in a variety of


https://www.spandidos-publications.com/10.3892/ol.2019.10477
https://www.spandidos-publications.com/10.3892/ol.2019.10477
https://www.spandidos-publications.com/10.3892/ol.2019.10477

JIANG et al: miR-144 TARGETS APP TO REGULATE LEUKEMIA CELL MIGRATION

acute and chronic leukemia (13,16), suggesting that they may
serve an important role in breaking through the bone marrow
barrier. In the present study, the different molecular expres-
sion levels of MMP-2 and MMP-9 were measured following
interference with APP expression.

MicroRNA (miRNA/miR)-144 is an important tran-
scriptional regulator in the process of hematopoiesis, and its
abnormal expression is closely associated with the patho-
genesis of hematological malignancies (17,18). At present, an
increasing amount of research is focusing on miR-144 and its
role in erythroid formation; however, there are relatively few
studies pertaining to its role in leukemia (19,20). Liu et al (21)
reported that miR-144 increased the sensitivity of leukemia
cells to imatinib and was closely associated with the c-Myc
gene. Liang et al (22) reported that miR-144 could inhibit
human embryonic trophoblast cell invasion. Based on these
results, we hypothesize that miR-144 may serve an important
role in the migration of Kasumi-1 cells.

The present study investigated the association between
miR-144 and the APP gene, and demonstrated that APP
regulates cell migration through the APP/phosphorylated
extracellular-signal-regulated kinase (p-ERK)/c-Myc/MMP-2
pathway. This finding may provide novel insights into the
development of therapeutic strategies for the treatment of
patients with AML, with particular focus on A/E* patients
with EMI.

Materials and methods

Patient characteristics. A/E* AML patients (n=123), diagnosed
according to the World Health Organization 2008 criteria (23),
were enrolled in the present study between February 2002
and June 2013 at the Nanfang Hospital, Southern Medical
University, (Guangzhou, China). All patients enrolled in the
present study provided written informed consent, and the study
was approved by the Ethics Committee of Nanfang Hospital
(Guangzhou, China). Patients were examined using marrow
cytology analysis, karyotype analysis and fluorescence in situ
hybridization (FISH). All patients received follow-up until
December 2013, with a median time of 46 months (6-141 months).
As this was a retrospective study, certain data were not obtained
for all individuals included in the present study.

All patients completed 1-2 cycles of induction chemo-
therapy, the majority of whom received the ‘3+7° regimen
consisting of anthracyclines and cytarabine. Following remis-
sion, 109 patients received a median of 3 (range, 1-8) intrathecal
injections of 10 mg methotrexate or 50 mg cytarabine plus
5 mg dexamethasone, which were used alternately. A total of
25 patients with central nervous system lymphoma received a
lumbar intrathecal injection every other day until cerebrospinal
fluid without blast cells was detected by microscopy (Table I).

Patients without extramedullary leukemia (EML) were
designated as the control group, and those with EML were
designated as the study group. The complete remission (CR)
rate, relapse-free survival (RFS) time and OS time were
compared following two cycles of chemotherapy. RFS
was calculated from time of CR until relapse and OS was
defined as the time from diagnosis until mortality. APP
expression was determined using bone marrow samples
(n=65) of the AML/ETO" patients prior to treatments via
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reverse transcription-quantitative polymerase chain reac-
tion (RT-qPCR). The prognosis was analyzed and compared
between these two groups (Table II).

Cell culture and detection. Kasumi-1 cells (American Type
Culture Collection, Manassas, VA, USA), which are a human
A/E* cell line derived from AML, were plated at 3x10° cells/ml
in RPMI-1640 medium (Gibco; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) supplemented with 20% fetal bovine
serum (FBS; Gibco; Thermo Fisher Scientific, Inc.), 4 mM
glutamine, 100 U/ml penicillin and 100 pg/ml streptomycin
at 37°C in a humidified atmosphere containing 5% CO,. FISH,
morphological detection using Wright's dye, and karyotype
analysis were performed as described previously (10).

Cell migration assay. The procedure was performed as
described previously (10). To evaluate the migration ability
the method was adjusted as follows: Non-invading cells were
removed from the upper surface of the Transwell membrane
with a cotton swab and invading cells on the lower membrane
surface were fixed in methanol at the room temperature for
15 min. The membrane was then stained with 0.1% crystal
violet for 15 min, washed with water three times and dried
for 3 h at the room temperature. Images were captured using
a light microscope (magnification, x200) and cells in five
randomly selected fields were counted. Each invasion experi-
ment was performed in triplicate.

Target in vitro luciferase reporter assay. pMIR-REPORT
plasmids for the miR-144 target APP 3'-untranslated region
(UTR) were constructed as wild-type (WT) pmiR-APP
containing two tandem repeats of miR-144 response element
from the APP 3'-UTR and a mutant (MUT) pmiR-APP
by replacing two nucleotides within the ‘seed sequence’
(psi-CHECK-APP-mut-UTR). The oligonucleotides were
annealed and inserted into the pMIR-REPORT vector
(Promega Corporation, Madison, WI, USA). The site-directed
mutagenesis was performed using the Quick Change kit
(Stratagene; Agilent Technologies, Inc., Santa Clara, CA,
USA). The empty vector (p)MIR-REPORT) was used as a nega-
tive control. Cells were transfected using Lipofectamine 2000
(Invitrogen; Thermo Fisher Scientific, Inc.), according to
the manufacturer's protocol, with 0.2 ug Target reporter
plasmids (catalog no. 64158; Addgene, Inc., Cambridge, MA,
USA) and 0.01 ug pMIR-REPORT Control Plasmid (catalog
no. 26280; Addgene, Inc.), and 200 nM miR-144-MIMIC
(miR-34c precursor; Addgene, Inc.) and NC control (Shanghai
GenePharma Co., Ltd.) per well on 96-well plates. Following
24 h of incubation, the cells were subjected to a luciferase
reporter assay using a dual-luciferase reporter assay system
(E1910; Promega Corporation). Renilla luciferase activity was
normalized to Firefly luciferase activity for each sample. Each
experiment was repeated at least three times in triplicate.

RT-gPCR of miR-144 and APP expression. Total RNA was
extracted from kasumi-1 cells with TRIzol reagents according
to the manufacturer's protocol (Invitrogen; Thermo Fisher
Scientific, Inc., Waltham, MA, USA) and quantified by an
ultraviolet spectrophotometer (UVP, LLC, Phoenix, AZ,
USA) at 260 nm. The cDNA was synthesized from 1,000 ng
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Table I. Characteristics of AML1/ETO" patients with or without EML.

Characteristics EML?* EML" P-value
No. of patients 36 87
Male/female, n 26/10 46/41 0.048
Median age (range), years 30.5 (2-69) 25.0 (3-74) 0.295
Median WBC (range), x10° cells/I] 21.7 (1.8-79.3) 13.6 (1.1-85.8) 0.059
C-KIT mutation, n (%)*
Positive 9(39.1) 14 (23.7) 0.163
Negative 14 (60.9) 45 (76.3)
FLT3-ITD, n (%)*
Positive 1(4.3) 2(34) 0.836
Negative 22(95.7) 57 (96.6)
Expression of APP gene, n (%)
High 11 (91.7) 20 (41.7) 0.019
Low 1(8.3) 28 (58.3)
Induction therapy, n (%)
DA 10 (30.3) 20 (23.3)
1A 15 (45.5) 46 (53.5) 0.648
Other 8(24.2) 20 (23.3)
Consolidation therapy, n (%)
Regimen 1 17 (58.6) 31 (38.8)
Regimen 2 8 (27.6) 34 (42.5) 0.179
Regimen 3 4 (13.8) 15 (18.8)
IT, n (%)
<2 11 (31.0) 37 (42.5) 0415
>2 25 (69.0) 50 (57.5)
Outcomes of therapy, %
Rate of RFS 345 68.8 <0.001
Rate of OS 48.3 73.8 0.003

“c-kit mutation and FLT3-ITD mutation data were not collected for all patients. WBC, white blood cell; FLT3-ITD, mutation in the FMS-like
tyrosine kinase 3 gene; DA, cytarabine plus daunorubicin; IA, cytarabine plus idarubicin; IT, intrathecal injection; OS, overall survival;
RFS, relapse-free survival; APP, amyloid precursor protein; EML, extramedullary leukemia.

Table II. Association between APP expression and survival.

High expression of APP  Low expression of APP
(n=30), % (n=30), % P-value
Cumulative CR rate after the second cycle of chemotherapy 844 100.0 0.020
Rate of RFS 400 80.0 0.001
Rate of OS 60.0 833 0.029

CR, complete remission; RFS, relapse-free survival; OS, overall survival; APP, amyloid precursor protein.

total RNA using the PrimerScript RT Reagent kit (Takara
Biotechnology Co., Ltd., Dalian, China). The PCR primer
sequences were as follows: -actin forward, 5'-CGGAGTCAA
CGGATTTGGTCGTAT-3' and reverse, 5'-AGCCTTCTC
CATGGTGGTGAAGAC-3"; and APP forward, 5-"TGGCCC
TGGAGAACTACATC-3' and reverse, 5“-TGGCCCTGGAGA
ACTACATC-3'". The procedure was performed as described

previously (4). First, the stem-loop RT primer was hybridized
to an miRNA molecule and then reverse transcribed with a
MMLV reverse transcriptase. The RT products were amplified
using conventional TagMan PCR, according to the manufac-
turer's protocol (Bio-Rad Laboratories, Inc., Hercules, CA,
USA). A 20-ul RT reaction was incubated at 25°C for 30 min
and at 94°C for 3 min. The qPCR was 45 cycles of denaturing
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at 94°C for 20 sec, annealing at 50°C for 25 sec and synthesis
at 72°C for 20 sec. U6 (forward, 5'-CTCGCTTCGGCZGCZ
CZ-3" and reverse, 5'-AACGCTTCACGAATTTGCGT-3")
was used as the internal control. The fold-change for miR-144
expression level was calculated using the 2444 method (24).

Knockdown of APP by lentiviral transduction. The comple-
mentary DNA sequence of APP was designed from the
full-length APP sequence by Shanghai GeneChem Co., Ltd.
(Shanghai, China). The siRNA target sequence of APP was
5'-CATCTTTGACCGAAACGAA-3' and that of the negative
control was 5'-TTCTCCGAACGTGTCACGT-3' (NC). The
procedure was performed as described previously (10).

p-ERK inhibitor and c-Myc inhibitor treated with kasumi-1I
cells. In the present study, WT Kasumi-1 cells were treated
with the p-ERK inhibitor PD98059 (Santa Cruz Biotechnology
Inc., Dallas, TX, USA) and the c-Myc inhibitor 10058-F4
(Selleck Chemicals, Houston, TX, USA), respectively. Based
on preliminary experiments, Kasumi-1 cells were treated with
the p-ERK inhibitor at concentrations of 20 and 40 M for 24
and 48 h. Also, Kasumi-1 cells were co-cultured with c-Myc
inhibitor 10058-F4 at concentrations of 50 and 100 M for 24
and 48 h. The cells were collected and western blotting was
performed to detect the changes.

APP/p-ERK/c-Myc/MMP-2 pathway detected by western blot-
ting. Protein concentrations of cell lysates were determined
using the BCA protein assay reagent kit. Equal amounts (30 pg)
of total protein were resolved by SDS-PAGE and transferred to
a polyvinylidene fluoride membrane. Following blocking with
5% skimmed milk at room temperature for 2 h with shaking
and washing with TBST (50 ml Tris HCI, 8 g NaCl, 0.2 g KCl,
1 ml 0.1% Tween-20 and 1,000 ml distilled water), the
membrane was incubated overnight at 4°C with the following
primary antibodies: APP (catalog no. ab76763; 1:2,000; Abcam,
Cambridge, MA, USA), MMP-2 (catalog no. cs-13594; dilution
of 1:1,000; Santa Cruz Biotechnology Inc.), MMP-9 (catalog
no. cs-21733; dilution of 1:500; Santa Cruz Biotechnology Inc.),
p-ERK (catalog no. ab201015; dilution of 1:500; Abcam), ERK
(catalog no. ab54230; dilution of 1:500; Abcam), c-Myc (catalog
no. sc-40; dilution of 1:1,000; Santa Cruz Biotechnology Inc.)
and fB-actin (catalog no. ab115777; 1:200; Abcam). Following
washing with TBS-T, the membranes were incubated with
secondary HRP-conjugated anti-rabbit IgG or anti-mouse IgG
(1:100; OriGene Technologies, Inc. Beijing, China) for 2 h
at room temperature. Proteins of interest were visualized by
enhanced chemiluminescence HRP substrate (EMD Millipore,
Billerica, MA, USA) and analyzed with an image analyzer
(ChemiDoc MP Imaging system; Bio-Rad Laboratories, Inc.).

Statistical analysis. SPSS 19.0 statistical software (IBM Corp.,
Armonk, NY, USA) was used for data analysis. Data were
obtained from independent experiments and are expressed
as the mean =+ standard deviation. Statistical analysis was
performed by one-way ANOVA followed by the Fisher's least
significant difference test. Survival analyses were performed
using Kaplan-Meier survival analysis. ROC curve analysis was
used to calculate the cut-off value of APP, which served to
divide the patients into a high expression group (with levels of
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APP = cut-off value) and a low expression group (with levels
of APP < cut-off value). Not normally distributed data were
described by the median. P<0.05 was considered to indicate a
statistically significant difference.

Results

Characteristics of the A/E* patients. The 123 A/E* patients
were divided into two groups: 36 patients in the EML group
(with EML), and 87 patients in the control group (without
EML). In the EML group, 29 patients achieved a CR and
finished the follow-up treatment after the CR. In the control
group, 80 patients achieved a CR and finished the follow-up
treatment after the CR. There was no significant difference
(P>0.05) in the two-cycle induction chemotherapy regimens,
the number of white blood cells or treatments following CR
in these two groups (Table I). At the median follow-up time
of 46 months (range, 6-141 months), the RFS and OS rates
in the EML group were significantly lower than those in
the control group (34.5 vs. 68.8%, P<0.001; 48.3 vs. 73.8%,
P=0.003, respectively; Table I). These results were consistent
with Fig. 1A and B.

Overall, 60 out of 65 patients with APP mRNA achieved a
CR and finished the follow-up treatment after the CR. When
we followed up for 35 months (6-96 months), the RFS rate in
the high expression group was 40.0%, which was significantly
lower compared with the low expression group with 80.0%
(P=0.001). In addition, a similar result was observed for the
OS rate (60.0 vs. 83.3%; P=0.029; Table II). These results were
consistent with Fig. 1C and D.

Effect of APP on cell migration. Kasumi-1 cells were
transfected with siRNA against APP (siAPP) and scramble
siRNA (NC) and WT Kasumi-1 cells were used as a control.
RT-qPCR analysis demonstrated that the mRNA of APP was
significantly reduced in the siAPP group (Fig. 2A, P<0.01),
and western blotting revealed that the protein expression was
markedly inhibited in the siAPP group (Fig. 2B).

A Transwell assay was performed to evaluate cell migra-
tion following the interference in APP. A significant reduction
in migrated cells in the siAPP group was observed when
compared with the control groups. Following the assessment
of five randomly-selected fields of view, the number of cells in
the siAPP group was observed to be significantly lower than
that in the control groups (P<0.05; Fig. 2C and D).

Mechanisms of APP regulate Kasumi-1 cell migration in vitro.
The expression of MMP-2, p-ERK and c-Myc was markedly
decreased following the interference of APP expression;
however, there was no evident change in the expression of
MMP-9 or CXCR4 (Fig. 3A). Furthermore, WT Kasumi-1 cells
were treated with the p-ERK inhibitor PD98059 at concentra-
tions of 20 and 40 uM for 24 and 48 h. The western blotting
assay suggested that the expression levels of p-ERK and c-Myc
were markedly reduced (Fig. 3B). Similarly, when the c-Myc
inhibitor 10058-F4 was co-cultured with Kasumi-1 cells at
concentrations of 50 and 100 #M for 24 and 48 h, the expression
levels of MMP-2 and c-Myc were evidently decreased (Fig. 3C);
however, there was no evident change in p-ERK expression.
These results suggested that c-Myc was regulated by p-ERK.
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Figure 1. Characteristics of AML1/ETO" patients at the median follow-up time of 46 months. (A) OS rate in the EML group was significantly lower than that
in the control group (34.5 vs. 68.8%, P<0.001; 48.3 vs. 73.8%, P=0.003, respectively). (B) RFS rate in the EML group was significantly lower than that in the
control group (34.5 vs. 68.8%, P<0.001). (C) OS rate in the high expression APP group was significantly lower than that in the low expression group (P=0.029).
(D) RES in the high expression APP group was significantly lower than that the low expression group (P=0.001). OS, overall survival; RFS, relapse-free
survival; EML, extramedullary leukemia; AML, acute myeloid leukemia; APP, amyloid precursor protein.
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Figure 2. APP regulates Kasumi-1 cell migration. (A) RT-qPCR and (B) western blotting detected that the expression of APP was significantly reduced
following siRNA interference. (C) Quantification and (D) representative images of transmigrated Kasumi-1 cells in response to siAPP treatment, all of the
image were recorded with 200x magnification. "P<0.05. RT-qPCR, reverse transcription-quantitative polymerase chain reaction; APP, amyloid precursor
protein; si, small interfering; wild, wild-type; NC, negative control.
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Figure 3. Western blotting detecting the pathway of APP/p-ERK/c-Myc/MMP-2. (A) MMP-2, p-ERK and c-Myc expression was significantly decreased after
APP expression was attenuated; however, there was no change in the expression of MMP-9 or CXCR4. (B) Kasumi-1 cells treated with a p-ERK inhibitor
at concentrations of 20 and 40 uM for 24 and 48 h. The western blotting assay suggested that the expression levels of p-ERK and c-Myc were significantly
reduced. (C) The c-Myc inhibitor 10058-F4 was co-cultured with Kasumi-1 cells at a concentration of 50 and 100 M for 24 and 48 h. The expression of
MMP-2 and c-Myc was significantly decreased, but there was no change in p-ERK expression. APP, amyloid precursor protein; CXCR4, C-X-C motif chemo-
kine receptor 4; MMP, matrix metalloproteinase; p-ERK, phosphorylated extracellular-signal-regulated kinase.
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Figure 4. Connection between APP and miR-144. (A) Dual-luciferase reporter assay. The relative luciferase expression in cells that were co-transfected with
psi-CHECK-APP-UTR and miR-144 oligonucleotide was significantly reduced. "P<0.01 vs. Mut APP+miR-144. (B) Western blotting showed that APP protein
was decreased in the miR-144 MIMICs group. Wt, wild-type; Mut, mutant; NC, negative control; Con, control; APP, amyloid precursor protein; UTR, untrans-

lated region; miR, microRNA.

miR-144 negatively regulates APP expression. To examine
whether miR-144 repression of APP is mediated by the
direct interaction of miR-144 with the APP 3'-UTR, a WT
or MUT miR-144/IL-6R response element was cloned
into a pMIR-REPORT plasmid downstream of luciferase.
miR-144-MIMIC was transfected into Kasumi-1 cells. The
reporter activities of WT, but not MUT, were inversely
associated with miR-144 expression. The relative lucif-
erase expression in the cells that were co-transfected with
psi-CHECK-APP-UTR and miR-144 oligonucleotide was
significantly reduced compared with the NC (P<0.01; Fig.4A).
Western blotting demonstrated that the expression of
the APP protein was decreased in the miR-144-MIMIC
group (Fig. 4B).

Discussion

Previous studies have demonstrated that the 5-year OS
rate of A/E* AML patients is ~61% (25,26), and EMI rates
among A/E* AML patients have been reported to be as high
as 15-26.7% (27). In our previous study, it was demonstrated
that the APP gene was involved in the EMI of leukemia (10).
The process of EMI includes the escape of the leukemia cell
from the bone marrow, adhesion, degradation of the matrix
and migration to other areas. High expression of MMPs
in patients with acute leukemia is closely associated with
invasion (16,28,29).

The present study examined the expression of other migra-
tion-associated proteins, which may assist in investigating
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the underlying mechanisms of APP in regulating leukemic
EMI. The mechanisms of EMI are complicated, with previous
studies reporting that leukemia cells that escaped from the
bone marrow to the surrounding organs were associated with
different signal molecules, including MMPs, CXCR4 and
EZH2 (30-32). The SDF1-CXCR4 axis serves a crucial role
in hematopoiesis and cell migration, and a number of studies
have suggested that CXCR4 is closely associated with metas-
tasis in leukemia and solid tumors (33-35). Mohle et al (36)
reported that CXCR4 was highly expressed in Kasumi-1
cells. We consequently hypothesized that the central nervous
system and other organs may attract leukemia cells from the
bone marrow to their locations via CXCR4. However, in
the present study, CXCR4 expression was not altered when
the expression of APP was reduced by siRNA. Therefore, it
may be concluded that the APP gene regulating Kasumi-1 cell
migration is not directly associated with CXCR4. In this study,
MMP-2 expressuin was significantly decreased after interfer-
ence in APP, but there was no change in MMP-9 or CXCR4,
which are known as tumor metastasis molecules. Therefore,
the present study focused on the association between APP and
MMP-2.

The MAPK signaling pathway serves an important role
in tumor development, invasion, metastasis and chemo-resis-
tance (16,37). When cells are activated by external stimuli, cell
membrane receptors are triggered and the signals transduce
into the cytoplasm. In the nucleus, p-ERK binds to c-Myc and
other transcription factors to regulate cell proliferation, differ-
entiation and tumor development (38-41). Numerous studies
have demonstrated that MMPs are one of the regulatory
proteins downstream of the MAPK signaling pathway (39,40).
Therefore, we hypothesized that the APP gene may regulate
MMP-2 through the MAPK signaling pathway in leukemia
EMI. The present study also demonstrated that p-ERK and
c-Myc expression decreased at the same time, following the
interference in APP, suggesting that the APP gene activated
the MAPK/ERK signal transduction pathway. In order to
understand the details behind the function of APP in A/E*
leukemia cell migration, wild-type Kasumi-1 cells were treated
with the MEK inhibitor PD98059 at concentrations of 20 and
40 uM for 24 and 48 h. The western blot assay suggested that
the expression levels of p-ERK and c-Myc were significantly
reduced. Similarly, when the c-Myc inhibitor 10058-F4 was
co-cultured with Kasumi-1 cells at concentrations of 50 and
100 uM for 24 and 48 h, the expression levels of MMP-2
and c-Myc were significantly decreased; however, there was
no change in p-ERK expression. These results suggested
that c-Myc was regulated by p-ERK. Based on this, it was
concluded that APP regulated Kasumi-1 cell migration via the
p-ERK/c-Myc/MMP-2 pathway.

An increasing number of studies have reported that
miRNAs overexpressed in tumors may be considered as
oncogenes, but only a few oncogenic miRNAs have been
well characterized. These oncogenic miRNAs are called
‘oncomirs’. Several studies and clinical analyses suggest
that miRNAs may function as a novel class of oncogenes or
tumor suppressor genes (42-44). TargetScan (Massachusetts
Institute of Technology, Cambridge, MA, USA), an online
software used to predict binding sites on mRNAs, predicted
that the 3'-UTR of the APP gene incorporated a target site

ONCOLOGY LETTERS 18: 2034-2042, 2019

of miR-144 with six complement oligo-nucleotide bases. In a
study by Garcia et al (45) on human embryonic trophoblast
cell invasion, it was found that miR-144 could inhibit cell
migration. Furthermore, the present study identified that the
expression of MMP-2 and MMP-9 was significantly decreased
by the inhibition of p-ERK expression. This is consistent with
the present results showing that miR-144 negatively regulates
the APP gene.

In summary, miR-144 negatively regulates the APP
gene and then regulates EMI in patients with A/E* AML.
The pathological molecular mechanism may be via the
APP/p-ERK/c-Myc/MMP-2 pathway. These results provide a
novel insight into the mechanism of EMI and could render a
potential therapeutic method to delay or prevent EMI, and may
be useful in preventing and treating A/E* AML EML.
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