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miR-1284 modulates multidrug resistance of
gastric cancer cells by targeting EIF4A1
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Abstract. Routine chemotherapy as an important treatment
mode often can not be effective because of multidrug resis-
tance (MDR). MicroRNA (miRNA) modulates the expression
of a great number of genes, including MDR. In this study, the
expression of miR-1284 was reduced in gastric cancer (GC)
tissue specimens with metastasis and in vincristine-resistant
(VCR) GC SGC7901 cells (SGC-7901/VCR) compared to that
in the controls. Recombinant lentiviral vectors with miR-1284
led to the overexpression of miR-1284 mRNA and reversed
the chemoresistance of SGC7901/VCR cells, promoted cell
cycle arrested at the GO/G1 phase, accelerated drug-induced
apoptosis, and decreased migration and invasiveness of
SGC-7901/VCR. In addition, the overexpression of miR-1284
sensitized tumors to chemotherapy in vivo. Our data provide
combined evidence that miR-1284 can heighten the expres-
sion of MYC and reduce the expression of JUN, MMP12, and
EIF4A1 that was the direct target. In conclusion, miR-1284
can function as a new regulator to reduce GC MDR cells by
targeting EIF4Al.

Introduction

Gastric cancer (GC) is one of the most universal malignancies,
however the advances in recent decades have improved long-

Correspondence to: Professor Qiang Xiao, Department of Surgery,
The First Affiliated Hospital of Guangxi Medical University,
6 Shuang-yong Road, Nanning, Guangxi 530021, P.R. China

E-mail: xiaoqiang20050@aliyun.com

Professor Yubo Xie, Department of Anaesthesiology, The First
Affiliated Hospital of Guangxi Medical University, 6 Shuang-yong
Road, Nanning, Guangxi 530021, P.R. China

E-mail: xieyubo715001@aliyun.com

Abbreviations: MDR, multidrug resistance; GC, gastric cancer

Key words: miR-1284, EIF4A1, gastric carcinoma, drug resistance,
murine model

term survival only slightly (1). Surgery and chemotherapy are
the main protocols for GC therapy; however, in many cases,
the efficacy of even the leading chemotherapy treatment is
poor, regardless of whether it is natural or acquired (2). The
term ‘multidrug resistance (MDR)’ is used to define this
phenomenon and could provide an insight into the reasons for
the low 5-year survival rate of GC patients (3,4). Pervasively,
the molecular mechanisms underlying MDR are complex,
covering intricate courses, including drug conveyance and
drug-induced apoptosis (5). Until now, the mechanisms
responsible for MDR in GC have not been adequately deter-
mined.

MicroRNAs (miRNAs) are a type of non-coding RNAs
that are approximately 19-24 nucleotides long and that
downregulate the expression of genes by targeting the
3'-untranslated regions (3'-UTRs) of particular mRNAs that
are situated in the genomic areas that are exclusively related
to carcinoma (6,7), miRNAs are consequently considered
to be connected with chemotherapy failure, and emerging
evidence shows that MDR may be regulated by altering
miRNA (8-10). For example, miR-23b-3p sensitizes GC cells
to chemical agents by regulating ATG12 and HMGB?2 (11);
overexpression of miR-181b and miR-497 was able to increase
the sensitivity of cells to chemotherapy by targeting Bcl2,
known as an anti-apoptotic gene (12,13). Patnaik ez al (14)
proved that the expression of miR-1284 is much lower in
lung adenocarcinoma than in their controls. Recent research
also suggested that compared with primary GC, miR-1284
is downregulated in GC with lymph node metastases (15);
however, there is still lack of evidence as to the precise role
of miR-1284 in MDR in GC.

To define the effects of miR-1284 in GC MDR, we
determined miR-1284 expression in GC tissue specimens
with metastasis and the vincristine-resistant (VCR) GC cell
line SGC7901 (SGC7901/VCR). In addition, we established
the SGC-7901/VCR cells with a stable overexpression of
miR-1284 and probed alterations in ICs, cell cycles, apop-
tosis, and migration and invasiveness. We also investigated
the influence of miR-1284 overexpression on tumor growth
in vivo. To ensure that the underlying mechanism was identi-
fied, we surveyed the impact of miR-1284 on the expression
of genes associated with MDR; apoptosis; and migration,
including EIF4ALl.
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Materials and methods

Ethics statement. The study was approved by the Ethics
Board of The First Affiliated Hospital of Guangxi Medical
University and complied with the Declaration of Helsinki. All
the patients gave their written informed consent. The animal
procedures were conducted following the provisions of the
Ethics Committee of The First Affiliated Hospital of Guangxi
Medical University in the research. All efforts were made to
minimize suffering.

Human tissue samples and cell lines. Gastric cancer tissues
and adjacent non-tumor tissues (located 5 cm away from
the tumor) were collected during surgery in The First
Affiliated Hospital of Guangxi Medical University (during
in 2013-2015) and preserved in liquid nitrogen. Vincristine-
resistant SGC7901 (SGC7901/VCR) cells were obtained
from the Cell Bank of the Chinese Academy of Sciences
(Shanghai, China). SGC7901/VCR cells were cultivated in
RPMI-1640 (GE Healthcare Life Sciences, South Logan, UT,
USA), with 50 mg/ml penicillin, 100 mg/ml streptomycin,
10% fetal bovine serum, and 0.8 yg/ml vincristine to main-
tain drug resistance. Cells were cultured at 37.8°C with 5.0%
CO,.

Antibodies. Primary antibodies to EIF4A1 (1:1,000), JUN
(1:1,000), MMP12 (1:1,000), MYC (1:1,000), and GAPDH
(1:1,000) were provided by Abcam (Cambridge, UK).
Secondary antibodies (1:10,000) were provided by LI-COR
Biosciences (Lincoln, NE, USA).

Quantitative reverse transcription real-time polymerase
chain reaction. RNA was extracted from SGC7901/VCR cells
using TRIzol (Invitrogen Corporation, Carlsbad, CA, USA).
cDNA was reverse transcribed from 1,000 ng RNA using the
PrimeScript™ RT reagent kit (Takara Bio, Inc., Tokyo, Japan).
The mRNA or miRNA expression levels were calculated
by reference GAPDH (mRNA) or U6 (miRNA). All primer
sequences, including those for miR-1284, U6, EIF4A1, JUN,
MMPI12,MYC, and GAPDH, are listed in Table I. Quantitative
reverse transcription real-time polymerase chain reaction
(qQRT-PCR) methods were developed on a SYBR® Premix
Ex Taq™ 1II (Tli RNaseH Plus) and a ROX Plus reagent kit
(Takara Bio, Inc.) according to the manufacturer's instructions.
The mRNA and miRNA expressions were analyzed using the
2-25CT method.

Transfection of cell lines. The miR-1284 overexpression vector
LV-miR-1284-GFP and the null vector LV-GFP were provided
by GeneChem (Shanghai, China). After seeded into 6-well
plates for 36 h, cells were infected with the lentiviral vector at
100 PFU/cell [multiplicity of infection (MOI) = 100] without
penicillin or streptomycin. To acquire stably transfected
SGC7901/VCR cells, the cells were cultured in 600 mg/ml
G418 (Invitrogen Corporation) for 14-21 days. Three groups of
cells were identified as follows: gastric cancer SGC7901/VCR
cells in the LV-miR-1284-GFP group were transfected with the
recombinant lentivirus vector LV-miR-1284-GFP; the cells in
the LV-GFP group were transfected with the negative control
lentiviral vector LV-GFP, and the cells in the control group
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Table I. The sequences of primers for quantitative reverse-
transcriptase real-time polymerase chain reaction.

Gene Primer sequences

miR-1284 F: 5'-CGTCTATACAGACCCTGGCTTTTC-3'
R: 5'-CTCAACTGGTGTCGTGGA-3'

U6 F: 5'-TTATGGGTCCTAGCCTGAC-3'
R: 5'-CACTATTGCGGGTCTGC-3'

EAF4A1 F: 5-ATCCCAGAGGCTCTCCTCAC-3'
R: 5'-CTACCATTTTCTCTCCCCTGCTT-3'
JUN F: 5'-~ACCAAGAACTGCATGGACCTAACA-3'
R: 5'-GCTCAGCCTCGCTCTCACAA-3'
MMP12  F: 5-ACGTGGCATTCAGTCCCTGT-3'
R:5'-AACACTGGTCTTTGGTCTCTCAGAA-3'
MYC F: 5'-GCAGCTGCTTAGACGCTGGA-3'
R: 5-CGCAGTAGAAATACGGCTGCAC-3'
GAPDH  F: 5-GCACCGTCAAGGCTGAGAAC-3'

F: 5-"TGGTGAAGACGCCAGTGGA-3'

F, forward; R, reverse.

were without any treatment. qRT-PCR was used to detect the
miR-1284 in the transfected cells.

Cytotoxicity assay. Cells were implanted into 96-well plates
at a density of 2.0x10° cells/well. After 24 h, vincristine
was divided into six concentrations (0, 0.2, 0.4, 0.8, 1.6,
and 3.2 mg/ml) and each was added to a common medium.
After incubation for 48 h, 10 ul Cell Counting Kit-8 reagent
(Dojindo, Tokyo, Japan) were added and development was
sustained for 1 h at 37.8°C with 5.0% CO,. The absorbance
was detected at 450 nm, and IC;, was calculated using
the relative survival curve. Each survey was processed in
quadruplicate.

Cell cycle analysis. Cells were washed twice with PBS and
fastened with 70% ethanol for 12 h at 4°C. The cells were
hatched in a solution that contained 200 ng/ml RNase and
0.05 mg/ml propidium iodide that was incubated at ambient
temperature for 0.5 h. The results were tested by flow
cytometry (BD Biosciences, Mountain View, CA, USA).

Apoptosis assay. Apoptosis was tested using the Apoptosis
Detection kit (BD Biosciences) and following the manu-
facturer's instructions. The cells were hatched in a solution
containing 5 pl/ml Annexin V-PE and 5 ul/ml 7-amino-acti-
nomycin D at 4°C in the dark. The results were tested by flow
cytometry (BD Biosciences).

Wound-healing assay. To inhibit cell proliferation, cells were
cultivated in 6-well plates with mitomycin C. A straight line
as a wound was created using a 200-ul sterile pipette tip
and washed twice lightly with PBS to remove any floating
cells. The wound conditions were noted at 0, 48, and 96 h by
microscope and the relative motility was calculated using the
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following formula: Relative motility = (initial distance - a time
point distance)/initial distance x 100%.

Cell invasion assay. RPMI-1640 medium (75 ul) without
serum containing 1 yg/ml Matrigel (BD Biosciences) was
used in the above chamber (6.5 mm; Corning, New York,
NY, USA). RPMI-1640 medium (200 pl) without fetal calf
serum containing 5.0x10* cells were placed into the upper
chamber, while 700 u1 RPMI-1640 with 5.0% fetal calf serum
was placed in the lower chamber. After culturing for 24 h, the
cells in the lower chamber were stained with Giemsa, and the
number of visible cells was counted in six random views at a
x200 magnification.

Luciferase reporter assays. Wild-type (WT) EIF4A1 3'UTR,
mutated (MUT) EIF4A1 3'UTR, negative (NC) EIF4A1l
3'UTR luciferase reporter vector and miR-1284 mimic, and
NC miRNA plasmid were purchased from GeneChem. The
WT 3'UTR and MUT 3'UTR luciferase reporter vector
were co-transfected with miR-1284 mimic while the
NC 3'UTR + miR-1284 mimic was used as the control. The
293T cells were seeded into 24-well plates (2.0x10* cells/well).
After 24 h, the cells were separated into groups and trans-
fected with 0.1 ug WT 3'UTR + 0.3 yg miR-1284 mimic,
0.1 ug MUT 3'UTR + 0.3 g miR-1284 mimic, and 0.1 ug NC
3'UTR + 0.3 pg miR-1284 mimic. NC miRNA and the same
3'UTR were co-transfected as a reference in each group. After
48 h, firefly luciferase luminescence activity was assayed
using the Dual Luciferase Reporter Assay system (Promega,
Madison, WI, USA). Renilla luciferase luminescence was
then detected after adding Stop & Glo® reagent (Promega) to
each well. Luminescence was calculated as follows: Relative
luciferase activity = firefly luciferase luminescence/Renilla
luceriferase luminescence. Each evaluation was processed in
triplicate.

Western blot analysis. Proteins were extracted using cell lysate
extraction (Solarbio, Beijing, China), separated by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis, and then
shifted onto nitrocellulose membranes. The membranes were
immersed with the antibody (1:1,000) overnight at 4°C and
then washed with Tris-buffered saline and Tween-20. The
membrane was immersed with a dilution of infrared-labeled
secondary antibody (1:10,000) for 1 h and Odyssey (LI-COR
Biosciences) was used to analyze the optical density. In
addition, the expression of GAPDH (1:1,000) was used as a
reference.

Effect of miR-1284 on GC cells in vivo. BALBC/c nude
mice, aged 5-6 weeks, were provided by Guangxi Animal
Center (Nanning, China), retained in specific-pathogen free
surroundings, and cared for by following the instructions
of the Ethics Committee of Guangxi Medical University.
Tumors were implanted by injecting 4.0x107 SGC-7901/VCR
cells resuspended in 100 ul phosphate-buffered saline (PBS;
Beyotime Institute of Biotechnology, Shanghai, China) into the
armpit region of the mice. After 4 days, the tumors increased
to ~5.0 mm in diameter and the animals were separated into
the following three groups (6 mice/group): LV-miR-1284-GFP,
LV-GFP, and control. The tumors were injected with LV-miR-
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1284-GFP or LV-GFP at a titer of 5.0x10° TU in 150 ul
PBS; a similar volume of PBS was injected into the control
group. VCR (200 ng/kg) were injected into the peritoneum.
Subsequent to the first surgery, the mice were given the same
treatment every 2 days. Tumor size was calculated every
4 days using a Vernier caliper and the length diameter (a)
and the width diameter (b) were surveyed (tumor volume =
a x b%/2). The relative tumor volume (RTV) was estimated by
RTV =V/V, (V,, the tumor volume at time of intraperitoneal
injection; V|, the tumor volume at the next measurement).
After 20 days of feeding, the animals were sacrificed and the
tumors were evaluated. The tumors were immersed in 4%
formaldehyde, water was removed using an ethanol slope,
and tumors were inlayed in paraffin. Tumor segments were
dewaxed, rehydrated, and stained with hematoxylin and
eosin. Sections were observed under a microscope on middle
power (x200).

Statistical analyses. SPSS 13.0 (SPSS Inc., Chicago, IL, USA)
was used to analyze the data. Data are shown as the mean + SE
and deemed to have statistical significance when P<0.05 using
Student's t-test, one-way analysis of variance, or ¥ test.

Results

miR-1284 decreases in gastric cancer tissue specimens and
drug resistant GC cells. To determine whether miR-1284 is
associated with the evolution of GC with distant metastasis
and MDR in GC cells, we detected miR-1284 expression in
GC tissue specimens from patients with distant metastasis
and compared it to those with adjacent non-tumor tissues.
The data from 16 gastric cancer patients showed signifi-
cant downregulation of miR-1284 in GC tissue specimens
(P<0.05) (Fig. 1A). In addition, the data showed that miR-1284
expression in SGC7901/VCR were different from that of
SGC7901 with significant downregulation of miR-1284 in
SGC7901/VCR (P<0.05) (Fig. 1B). Our data indicated that
miR-1284 may be related to GC with distant metastasis and
MDR in GC cells.

miR-1284 recombinant lentiviral vectors leads to overexpres-
sion of miR-1284. To test the hypothesis that miR-1284 may
overcome MDR in GC cells, we first established GC cells
that stably overexpressed miR-1284. LV-miR-1284-GFP and
LV-GFP were transfected into SGC7901/VCR cells, respec-
tively. The expression of miR-1284 in the LV-miR-1284-GFP
group was substantially upregulated (P<0.05) but there was
no difference in miR-1284 levels between the LV-GFP and
control groups (P>0.05) (Fig. 1C). The data demonstrated that
LV-miR-1284-GFP could upregulate miR-1284 expression in
SGC7901/VCR.

miR-1284 overcomes MDR in GC cells. We next examined
the impact of miR-1284 overexpression on MDR in GC cells.
The sensitivity of SGC7901/VCR cells and ICs, values of each
group were measured by CCK-8 assay. The LV-miR-1284-GFP
group demonstrated greatly enhanced sensitivity to vincris-
tine, as indicated by decreased ICs, values (P<0.05) (Fig. 1D).
These results proved that miR-1284 overexpression is associ-
ated with the GC MDR phenotype.
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Figure 1. miR-1284 is decreased in gastric cancer (GC) tissues with distant metastasis and multiple drug resistant (MDR) GC cells and overcomes MDR in
GC cells. (A) Quantitative reverse transcription real-time polymerase chain reaction (QRT-PCR) of miR-1284 expression in GC tissues from patients with
distant metastasis and adjacent non-tumor tissues (n=4). (B) qRT-PCR of miR-1284 expression in SGC7901/VCR and SGC7901 (n=4). (C) qRT-PCR of the
expression of miR-1284 after transfection (n=4). (D) ICs, values for vincristine (n=4). ‘P<0.05 for gastric cancer tissue specimens vs. adjacent non-tumor
tissues, “P<0.05 for the SGC7901/VCR group vs. the SGC7901 group, ““P<0.05 for the LV-miR-1284-GFP group vs. the LV-GFP and control groups. All

values are the mean + SE.

miR-1284 prevents cells from entering the S phase. To deter-
mine whether miR-1284 overexpression can reverse MDR by
effecting the cell cycle, we counted the cells in specific phases.
The data showed that cell counts in the GO/G1 phase observ-
ably increased, while those in the S phase decreased in the
LV-miR-1284-GFP group (P<0.05) (Fig. 2A). By miR-1284
preventing GC MDR cells from entering into the S phase, the
GC MDR cells are reduced.

miR-1284 accelerates drug-induced apoptosis. Changes in
drug-induced apoptosis can influence the efficacy of chemo-
therapy drugs; therefore, we looked into the influence of
miR-1284 on apoptosis of GC cells induced by chemotherapy.
After incubation, VCR cells were detected by flow cytometry.
The data show that after miR-1284 overexpression, the apop-
tosis rate significantly increased (P<0.05) (Fig. 2B). These
results suggested that miR-1284 may increase the apoptosis
rate of SGC7901/VCR cells induced by chemotherapy drugs.

miR-1284 decreases the migration of GC cells. To further
determine how miR-1284 influences the migration of SGC7901/
VCR cells, we investigated the migratory ability of the GC cells
in each group using the wound-healing assay. After 96 h, the
cells in the LV-miR-1284-GFP group showed lower migratory
ability than those in the LV-GFP and control groups (relative
motility rate of cells in the LV-miR-1284-GFP vs. LV-GFP and
control groups: 51.02+2.18% vs. 82.21+1.25% and 82.55+4.35%,
respectively; P<0.05) (Fig. 2C). The data demonstrated that
miR-1284 decreases the migration of GC cells.

miR-1284 decreases the invasion of GC cells. After deter-
mining that miR-1284 inhibits the migratory ability of
SGC7901/VCR cells, we evaluated whether it may also
suppress cell invasion. The Transwell assay demonstrated
that fewer cells passed through the membrane of the Matrigel
chamber in the LV-miR-1284-GFP group than through the
chamber of the LV-GFP and control groups. The number
of LV-GFP and control group cells that passed through the
membrane was 3.5- and 3.3-fold greater, respectively, than that
of the LV-miR-1284-GFP (P<0.05) (Fig. 2D). The data demon-
strated that miR-1284 decreases the invasion of GC cells.

EIF4Al is the direct target gene of miR-1284. The results of
TargetScan 6.2 indicated that EIF4A1l is one of the under-
lying targets of miR-1284 (Fig. 3A). To confirm this, the
relative luciferase activity of each group was assayed. The
data showed that the relative luciferase activity in the WT
3'UTR + miR-1284 mimic group declined in relation to that
in the NC 3'UTR + miR-1284 and MUT 3'UTR + miR-1284
groups (P<0.05) (Fig. 3B). The results suggested that miR-1284
modulates MDR by targeting EIF4A1.

miR-1284 modulates MDR by reducing the expression of
EIF4Al, JUN, and MMPI2 and enhancing the expression
of MYC. To investigate the mechanism by which miR-1284
reverses MDR in SGC7901/VCR, we used qRT-PCR and
western blotting to assess the expression levels of genes
that regulate apoptosis, metastasis, and MDR. In the
LV-miR-1284-GFP group, the expressions of MYC mRNA
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Figure 2. miR-1284 prevents cells from entering into the S phase, accelerates drug-induced apoptosis, and decreases migration and invasion of gastric cancer
(GC) cells. (A) Flow cytometry of the SGC7901/VCR cell cycle after miR-1284 transfection and vincristine infection (n=4). (B) Flow cytometry of the percent-
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and protein were higher, and the expression of EIF4Al, JUN,
and MMP12 lower than those in the LV-GFP and control
groups (P<0.05) (Fig. 3C and D).

miR-1284 reverses MDR in GC in vivo. We also explored
the influence of miR-1284 on SGC7901/VCR cells in vivo
by subcutaneously transplanting tumors in nude mice.
After 4 days, the mice were randomly divided into the
LV-miR-1284-GFP group, LV-GFP group, and control group.
Each group was injected with LV-miR-1284-GFP, LV-GFP,
or PBS, respectively, and given an intratumoral vincris-
tine treatment. After 20 days of treatment, the RTV in the
LV-miR-1284-GFP group was significantly smaller than that
in either the LV-GFP or control group (P<0.05) (Fig. 4A).
qRT-PCR confirmed that the expression of miR-1284 in the
LV-miR-1284-GFP group was greater than that in either the
LV-GFP or control group (P<0.05) (Fig. 4B). The data demon-
strated that miR-1284 can reverse MDR in GC in vivo.

Discussion

GC is the second leading cause of carcinoma death world-
wide (16). Due to lack of efficacious methods of diagnosing
the early stages of the disease and tumorigenesis, patients
who suffer from metastasis lose their best opportunity for
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Figure 3. miR-1284 modulates multiple drug resistance (MDR) by targeting
EIF4A1 and influences the expression of JUN, MMPI12, and MYC. (A) The
results of TargetScan forecasted the target gene of miR-1284. (B) The
wild-type (WT) 3'UTR and mutant (MUT) 3'UTR luciferase reporter
vector were co-transfected with miR-1284 mimic while the negative (NC)
3'UTR + miR-1284 mimic was used as a control. Luciferase activity assay
was measured (n=3). (C) Quantitative reverse transcription real-time poly-
merase chain reaction (QRT-PCR) of EIF4A1, JUN, MMP12, and MYC
mRNA (n=4). (D) Western blotting of EIF4A1,JUN, MMP12,and MYC pro-
teins (n=3). "P<0.05 for WT 3'UTR + miR-1284 vs. NC 3'UTR + miR-1284
and MUT 3'UTR + miR-1284, “P<0.05 for the LV-miR-1284-GFP group vs.
LV-GFP and control groups. All values are the mean + SE.

surgery, and chemotherapy becomes the preferred treatment;
however, routine chemotherapy often fails because of MDR in
GC cells (17). Many mechanisms underlying MDR have been
extensively explored, including ejecting several drugs into
the cells, modifying drug targets, destroying the balance of
damaging or repairing DNA, and deactivating drug-induced
apoptosis pathways (18-22), however, the crucial factors of this
phenomenon remain largely unclear.

Recently, increasing number of studies have revealed that
miRNAs modulate the development of MDR in GC (23-25).
Chen et al (15) reported that compared with primary GC,
miR-1284 is downregulated in GC with lymph node metas-
tases. Even so, the properties and the potential mechanisms
by which miR-1284 affects MDR have not been investigated.
The current study showed that miR-1284 was reduced in
GC specimens with distant metastasis and in SGC7901/
VCR cells compared with that in the controls, which agree
with a previous study (15); however, there are no previous
studies that compared the connection between miR-1284 and
tumorigenesis in GC. In addition, our data showed that modu-
lation of miR-1284 overexpression could overcome MDR in
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SGC7901/VCR, prevent cells from entering into the S phase,
and induce cell apoptosis. miR-1284 overexpression also
decreases the migration and invasion of SGC7901/VCR and
reverses MDR in vivo, as demonstrated by suspended tumor
growth in nude mice. The results confirm that miR-1284 may
function as a new regulator to reverse MDR in GC cell line
SGC7901/VCR in vitro and in vivo.

Nonetheless, the accurate method by which miR-1284
induces these events is obscure. MDR is reversed by cell
death and is associated with EIF4F, a compound that induces
ribosomes to gather to mRNA templates, which comprise
EIF4E, EIF4G, and EIF4A subunits (26). This study proved
that miR-1284 directly both regulates EIF4A1 and suppresses
EIF4A1 expression. EIF4Al is a member of the translation
initiation composite EIF4A, which controls protein synthesis,
and has been reported to have an indispensable function in
tumorigenesis (27). As a DEAD-box helicase, EIF4A1 plays
an important role in unwinding integrated RNA components
within 5'UTR to gather ribosomes and participate in mRNA
translation (28). Increasing number of studies have confirmed
that EIF4A1 has multiple functions and is correlated with
the genesis and progression of tumor-promoting proteins.
Overexpression of EIF4A1 has been proven in many cancers,
such as liver cancer, melanoma, and melanocytic nevi (29,30).
In addition, recent research has shown that the presence of
EIF4A1 can predict an independently adverse outcome in
breast cancer and that reducing the expression of EIF4Al
diminishes cell proliferation and prevents cells from entering
the S phase (31). Bordeleau ef al (26) demonstrated that the
absence of EIF4Al decreases drug resistance to doxorubicin,
which is associated with PI3K/mTOR activation. This is
consistent with our findings that miR-1284 reverses MDR in
GC by targeting EIF4A1l. To our knowledge, this study is the
first to demonstrate that EIF4A1 is immediately downregu-
lated by miR-1284 in GC MDR cells.

By exploring the mechanisms of synergistic interaction we
demonstrated that miR-1284 overexpression can regulate the
response of SGC7901/VCR cells to chemotherapeutic resis-
tance by targeting EIF4A1, reducing JUN and MMP12, and
increasing MYC. Previous studies have shown that EIF4Al is
inhibited by PDCD4, while PDCD4 regulates the MYC and
JUN pathways (32,33). This identified an uncommon inte-
grated network, the miR-1284/EIF4A1/JUN/MYC signaling
pathway. Reducing the permeability glycoprotein (P-gp), a
multidrug resistance protein that is created by MDRI, and
downregulating MDR1 play an indispensable role in circum-
venting MDR in cancer. Studies have shown that inhibiting
JUN significantly reduces the degree of MDR by decreasing
MDRI and P-gp (34), leading to inefficient transport that keeps
a lower concentration of drugs inside the cancer cells, which
reverses MDR. As previously described, another primary
reason for MDR is to reduce susceptibility to drug-induced
apoptosis (21,22). Fu et al (35) confirmed that a reduced
expression of JUN contributes to an extended G1 phase and
induces apoptosis. In addition, activating MYC has been
proved to generate apoptosis by triggering cytochrome c
before activating caspase (36).

JUN, a binding complex that is correlated with the MMP12
booster, directly activities MMP12 and belongs to the matrix
metalloproteinases (MMPs) that have been known to act in
an indispensable manner in tumor invasiveness and metas-
tasis (37,38). MMP12 has been reported to be connected to
tumor metastasis, such as lung carcinoma and squamous
carcinomas of the head and neck (39,40). A recent study also
showed that silencing MMP12 suppresses the proliferation
and invasion of lung cancer cells (41). Interestingly, JUN
increases tumor migration and invasion activity (42), and GC
cell metastasis is suppressed by reducing JUN and MMP12.
Primary tumors and tumors with metastasis are often different
from MDR cells with metastasis because of the stronger
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drug-resistance (43). Inhibiting metastasis may be another key
mechanism by which MDR in tumor cells is circumvented.

In this study, miR-1284 was regulated to reverse MDR
in GC cells by downregulating EIF4A1 in vitro and in vivo.
This study is the first to demonstrate a connection between
miR-1284 and EIF4Al, an important member of the EIF
family, and demonstrates the power of miR-1284 in regulating
MDR development. Moreover, this study draws our atten-
tion to EIF4A1 as an underlying therapeutic target for GC
and proposes new concepts whereby miR-1284 can suppress
cancer progression.
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