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miR-455 inhibits cell proliferation and migration via
negative regulation of EGFR in human gastric cancer
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Abstract. Epidermal growth factor receptor (EGFR) plays an
important role in various types of cancer. However, the thera-
peutic agents that target EGFR have not produced favorable
results in gastric cancer. miRNAs are known to regulate gene
expression at the post-transcriptional level. We wondered if
miRNAs could be potential therapeutic agents for the targeted
therapy against EGFR. In this study, we found an increase
in the copies of EGFR mRNA and the upregulated expres-
sion of the EGFR protein in gastric cancer tissues compared
with normal gastric tissues. Both bioinformatic analysis and
luciferase reporter assay revealed that miR-455 could directly
bind with the 3'-untranslated region (3'UTR) of EGFR mRNA.
Subsequently, in vitro studies were conducted to identify
the effects of miR-455 on cell proliferation and migration
and further confirm the cancer-promoting role of EGFR in
gastric cancer. The results revealed that miR-455 negatively
regulated EGFR expression at the post-transcriptional level,
thus suppressing cell growth and migration. To conclude, our
results offer a potential targeted therapeutic method against
EGFR in gastric cancer mediated by miR-455.
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Introduction

Gastric cancer is one of the most common malignancies world-
wide and causes one million cancer-related deaths each year (1).
Advanced disease stage and metastasis are often present at
diagnosis due to the lack of specific symptoms and limitation
of early diagnostic methods, resulting in a poor prognosis with
a less than 10% 5-year survival rate (2). As an effective means
of treatment for gastric cancer, molecular-targeted therapy is
important both in clinical research and practice.

Epidermal growth factor receptor (EGFR) is a crucial
member of the HER/erbB family of receptor tyrosine kinases
(RTKSs), which includes HER1 (EGFR/erbB1), HER2 (neu,
erbB2), HER3 (erbB3) and HER4 (erbB4) (3). The EGFR
signaling pathway is initiated by the binding of EGF, one
of the major ligands, to EGFR, leading to the activation of
downstream signaling cascades, and finally to the prolifera-
tion, invasion and metastasis of tumor cells, the inhibition of
apoptosis of tumor cells, and the promotion of angiogenesis
of tumors, making it a paramount target in various types of
cancer (4-6). Studies have revealed a high level of expression
of EGFR in lung (7), breast (8), gastric (9), prostate (10) and
head and neck cancer (11), and a high expression indicates a
worse prognosis (12). There are two types of anti-EGFR agents
designed to inhibit the activity of EGFR: small-molecule tyro-
sine kinase inhibitors (TKIs) and monoclonal antibodies. But,
unlike their fruitful efficacy in lung cancer, neither type of
agent has brought patients with gastric cancer survival benefits
according to the present clinical research (13). Thus, further
research in anti-EGFR targeted therapy in gastric cancer is
warranted.

MicroRNAs have been known to play important roles in
the tumorigenesis and progression of various types of cancer.
Studies have shown that aberrant expression is one of the
mechanisms of carcinogenesis, invasion and metastasis of
gastric cancer (14,15). Therefore, further investigation of
miRNAs in gastric cancer could help us to better understand
the initiation and the development of gastric cancer and may
provide new approaches in targeted therapy. Dysregulation of
EGFR and miRNAs has been known to be interrelated with
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the carcinogenesis and development of gastric cancer. But few
studies have revealed the relationship between miRNAs and
EGFR in gastric cancer (16,17).

In this study, bioinformatic prediction and experimental
evidence were provided for the specific binding between
miR-455 and EGFR. Then the suppression of EGFR protein
expression by miR-455 was evaluated. The tumor-promoting
effect of EGFR was further assessed in gastric cancer cells.
Our findings provide evidence of the function of miR-455 in
gastric cancer and help to better understand the modulation of
signaling pathways in gastric cancer.

Materials and methods

Human tissues. Histologically confirmed gastric cancer tissues
and paired adjacent non-cancerous tissues were obtained from
patients who underwent partial or total gastrectomy at Tianjin
Medical University Cancer Institute and Hospital (Tianjin,
China). Each cancer tissue was confirmed as adenocarcinoma
pathologically. Written informed consent was provided by
each patient, and all aspects of this study were approved by
the Ethics Committee of Tianjin Medical University Cancer
Institute and Hospital. Tissues were immediately frozen in
liquid nitrogen after surgery and were stored at -80°C.

Cell line and culture. The human gastric cancer cell line
SGC-7901 and human embryo kidney epithelial cell line
HEK?293T were resuscitated from the Cancer Cell Biological
Laboratory of Tianjin Medical University Cancer Institute and
Hospital. SGC-7901 cells were cultured in RPMI-1640 medium
(Gibco, Rockville, MD, USA) and HEK-293T cells were
cultured in Dulbecco's modified Eagle's medium (DMEM)
(Gibco), both containing 10% fetal bovine serum (FBS)
(Gibco) and 1% penicillin/streptomycin (Solarbio Science &
Technology Co., Ltd., Beijing, China) in a humidified incu-
bator at 37°C with 5% CO,. Cells were grown in sterilized
culture dishes.

Cell transfection. Cell transfection was conducted through
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) method
after the cells were seeded in appropriate plates. miR-455
mimics and miR-455 inhibitor were purchased with the corre-
sponding controls (RiboBio Co., Ltd., Guangzhou, China) and
were used to upregulate or downregulate the level of miR-455.
The overexpressing lentivirus and the control lentivirus were
purchased from GenePhama (Shanghai, China) and were used
to upregulate or downregulate the expression of EGFR. Both
the overexpression and control lentivirus contained green
fluorescence for the identification of the infection efficiency
after the cells were infected for 36-72 h. The siRNA sequence
targeting human EGFR and a control siRNA were purchased
from Santa Cruz Biotechnology (sc-29301). The cells were
harvested after transfection or infection to isolate total RNA
and total cell lysates for qPCR and western blot analysis,
respectively.

RNA isolation and quantitative RT-PCR. TRIzol reagent
(Invitrogen) was used to isolate the total RNA of the cultured
SGC-7901 cells and the obtained tissues according to the
manufacturer's protocol. Nanodrop 1000 spectrophotometer
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(Thermo Fisher Scientific, USA) was used to confirm the
quality and the concentration of the isolated RNA.

First-strand cDNA was synthesized from 1 pg of total
RNA through reverse transcription reaction. The reaction was
carried out as follows: 16°C for 15 min, 42°C for 60 min, 85°C
for 5 min and maintained at 4°C. The cDNA was stored at
-20°C after the reaction.

The level of miR-455 was detected by TagMan miRNA
probes (Applied Biosystems, USA). Gene-specific PCR prod-
ucts were assayed using a CFX96 real-time PCR system. The
reaction conditions were initiated by a 5-min hold at 95°C,
followed by 40 cycles of denaturation at 95°C for 15 sec and
annealing/extension at 60°C for 1 min. All the reactions were
conducted three times. U6 snRNA was used as an internal
control for miRNA. The mRNA levels of EGFR were analyzed
by SYBR-Green fluorescent method and the final results were
normalized to glyceraldehyde-3-phosphate dehydrogenase
(GAPDH). The reaction was as follows: 95°C for 30 sec
following 40 cycles of 95°C for 5 sec and 60°C for 30 sec. The
relative levels of the miRNA and mRNA were calculated by
ACt (cycle threshold) and normalized to the control using the
equation 22, ACt = Ct,,,, - Ct

gene control*

Protein extraction and western blot analysis. Lysates were
obtained after the cells and tissues were lysed in RIPA
buffer with freshly added PMSF. Subsequently, ~50 ug of
protein was separated using SDS-PAGE gels and transferred
to PVDF membranes. Immunoblotting was then conducted
at 4°C overnight with monoclonal anti-EGFR antibodies
(1:100,000; Abcam) and monoclonal anti-GAPDH anti-
bodies (1:2,000; Santa Cruz Biotechnology) after blocking
with 2% BSA. An enhanced chemiluminescence system
kit (Millipore, USA) was used to visualize the membranes
after incubation with HRP-coupled anti-mouse/rabbit IgG
(1:2,000; Santa Cruz Biotechnology, USA) at 37°C for 1 h
with the secondary antibody.

Luciferase reporter assay. The amplified PCR products of
human wild-type EGFR and a mutant EGFR in which the
predicted 3'-untranslated region (3'UTR) miR-455 targeting
regions were inserted into the reporter plasmid (Ambion,
USA). Lipofectamine 2000 (Invitrogen) method was used
for cell transfection with a reporter plasmid, B-galactosidase
expression vector (Ambion), miR-455 mimics, miR-455
inhibitors, or a corresponding negative control RNA.

Cell proliferation assay. EAU (RiboBio) was added to the cell
culture medium at a final concentration of 50 uM for a 5-h
incubation at 37°C after transfection or infection. After fixation
in 4% paraformaldehyde and treatment with 0.5% Triton-X for
15 min, the cells were incubated at room temperature in the
dark with Apollo after treatment with 4% paraformaldehyde
for fixation and 0.5% Triton-X for permeabilization. Nuclei
were stained by Hoechst. Five random fields were selected
to calculate the ratio between EdU-labeled cells and the total
cells.

Cell migration assay. Cells (10°) were seeded on a Boyden
chamber with 200 ul of serum-free medium after transfec-
tion and infection. Medium (600 ul) with 10% serum was



ONCOLOGY REPORTS 38:

A Patient 1 Patient 2
NC GC NC GC NC

corn MR R0 T - ey
GAPDH 4l SIS SN e T —

ONC

"~
W

Relative levels of O
EGFR mRNA

Patient 3

175-182, 2017 177

B 25 ONC
GC \.6 2“ EL ek .GC
8
=
&8 1.5-
Ee e
2 1
FY 0.5
7]
o

Figure 1. Inverse correlation between epidermal growth factor receptor (EGFR) and miR-455 in human gastric cancer (GC) tissues. (A) Western blot analysis
revealed the expression of EGFR in GC tissues and the paired non-cancerous tissues (n=3). (B) Quantitative analysis of A. (C) Relative EGFR mRNA levels
in GC tissues (n=3). (D) The predicted binding sites of miR-455 in the mRNA of EGFR. (E) Immunohistochemistry of the paraffin-embedded human gastric
cancer tissues and paired non-cancerous tissues (n=3). NC is the paired non-cancerous group of GC. “p<0.01.

added to the lower chamber for chemotaxis. The membranes
of the Boyden chambers were fixed and stained after 24 h
of incubation. Five random visual fields were selected for
analysis.

Wound scratch assay. SGC-7901 cells that had undergone
different treatments were seeded in 6-well plates. Each well
was scraped with a 20 ul pipette tip to create 1 or 2 linear
regions devoid of cells after the cells reached 90% conflu-
ence. RPMI-1640 medium with 2% FBS (both from Gibco)
were used subsequently for cell culture. We monitored wound
healing at 0, 12, and 24 h after scraping. Five random fields of
each well were selected for analysis.

Immunohistochemical assay. Paraffin-embedded specimens
of gastric cancer tissues and the paired non-cancerous tissues
were incubated with an anti-EGFR monoclonal antibody
(1:100; Abcam) following antigen retrieval. The DAB system
(Zhongshan Jingiao, China) was used to identify the positive
reaction. Five random fields were selected for each specimen.

Bioinformatics prediction of miRNA target. TargetScan
(http://www.targetscan.org/), PicTar (http://pictar.mdc-berlin.

de/) and miRanda (http://www.microrna.org/) were combined
for the prediction of the target of miR-455.

Statistical analysis. Each experiment was performed at least
three times. P<0.05 was considered as statistically significant
and differences were assessed using the Student's t-test. Data
are expressed as the median values + SE and analyzed using
the Student's t-test. In this study, ‘“*’ indicates P<0.05, “**’
indicates P<0.01, and “***’ indicates P<0.001.

Results

EGFR protein levels are upregulated in gastric cancer
tissues. The expression pattern of EGFR in human gastric
cancer tissues was first evaluated by western blot analysis. As
previously reported, the EGFR protein level was significantly
upregulated in the gastric cancer tissues (Fig. 1A and B). As is
well known, an increase in EGFR copies is one of the causes
for the upregulation of EGFR. Here, the mRNA level was
upregulated in the cancerous tissues (Fig. 1C), which may be
due to a variety of factors. The predicted target of miR-455
on the transcript of EGFR is shown in Fig. 1D. IHC assays
revealed that EGFR distributed in the cytoplasm and cancer
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Figure 2. miR-455 regulates epidermal growth factor receptor (EGFR) expression in gastric cancer (GC) cells. (A) Schematic description of the base-pairing
interaction between miR-455 and EGFR mRNA. (B) Relative levels of miR-455 in GC tissues and para-carcinoma tissues (n=3). (C) Direct recognition of
EGFR by miR-455. HEK293T cells were co-transfected with firefly luciferase reporters containing either wild-type (WT) or mutant (Mut) EGFR 3'UTR with
miR-455 mimics and inhibitors. An interaction between miR-455 and the target was evident (n=3). (D) The suppression of EGFR expression by miR-455 in
SGC7901 cells (n=3). (E) Quantitative analysis of D (n=3). (F) Quantitative RT-PCR analysis of the relative miR-455 levels in SGC-7901 cells transfected with
miR-455 mimics (n=3) and inhibitors (n=3). NC is the corresponding negative control of mimics or inhibitors. “p<0.01.

tissue specimens exhibited a higher positive rate, compared
with paired non-cancerous tissues, which was consistent with
previous studies (Fig. 1E).

miR-455 acts as a potential upstream regulator of EGFR.
Bioinformatic prediction indicated a direct binding of
miR-455 to the region in the 3'UTR of EGFR mRNA. The
binding sites are conserved among several species (Fig. 2A).
The evaluation of miRNA levels using real-time PCR
revealed that compared with para-carcinoma tissues,
miR-455 was markedly downregulated in the gastric cancer
tissues (Fig. 2B). The inverse expression patterns of the EGFR
protein and miR-455 prompted further investigation into the
potential effect of miR-455 on EGFR. Therefore, miR-455
was chosen for further experiments to identify its role in
gastric cancer.

Validation of EGFR as a direct target of miR-455. Direct
evidence of the combination of miR-455 and EGFR was
needed despite the bioinformatic prediction and the inverse
correlation between miR-455 and the EGFR protein level. A
dual luciferase reporter assay was conducted to evaluate the
direct interaction between miR-455 and EGFR. The relative
luciferase activity was clearly suppressed by the co-transfection
of miR-455 mimics and the luciferase reporters containing the
predicted binding region of the wild-type 3'UTR of EGFR.
However, the suppressive effect was lost when the binding site
was mutated. Furthermore, the co-transfection of miR-455
inhibitors and the reporter plasmid with the wild-type EGFR
3'UTR resulted in an increase in luciferase activity (Fig. 2C).

The expression of EGFR protein and mRNA were evaluated
when SGC-7901 cells were transfected with miR-455 mimics
or inhibitors, which was confirmed by qRT-PCR (Fig. 2F).
As shown in Fig. 2D and E, upregulation of miR-455 led to a
sharp decrease in the EGFR protein, whereas downregulation
of miR-455 enhanced the expression of EGFR in the gastric
cancer cells.

The results indicated that miR-455 regulated EGFR by
directly binding with the specific region of the 3'UTR of
EGFR mRNA, thus rendering it as an important regulator of
EGFR.

Upregulation of miR-455 inhibits the proliferation and migra-
tion of SGC-7901 cells. To further assess the role of miR-455
in gastric cancer cells, EdU cell proliferation assay, Transwell
migration assay and wound healing assay were performed
respectively.

The cell proliferation rate via the Cell-Light EQU DNA cell
kit was used to identify the proliferation ability of SGC-7901
cells after treatment with miR-455 mimics or inhibitors. As
shown in Fig. 3B and D, upregulation of miR-455 resulted in
a sharp decrease in cell proliferation, whereas downregulation
of miR-455 led to an increase in cell proliferation.

The effects of miR-455 on cell migration were evaluated
through Transwell assays. As was expected, upregulation of
miR-455 expression strongly inhibited the migration of gastric
cancer cells, whereas the downregulation of miR-455 expres-
sion promoted cell migration (Fig. 3A and C).

A wound-healing assay was also conducted to further
examine the migration ability of SGC-7901 cells. Similar to the
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Figure 3. miR-455 regulates the proliferation and migration of gastric cancer (GC) cells. (A) Transwell assays demonstrated that miR-455 promotes the migra-
tion of GC cells. Overexpression of miR-455 promotes cell migration, whereas low levels of miR-455 suppress GC cell migration in GC (n=3). (C) Quantitative
analysis of A (n=3). (B) EdU assays demonstrated that miR-455 promotes the proliferation of GC cells. Overexpression of miR-455 promotes cell proliferation,
whereas low levels of miR-455 suppress GC cell proliferation (n=3). (D) Quantification of C (n=3). (E) Validation of miR-455-mediated cell migration by the
wound-healing method (n=3). NC is the corresponding negative control of mimics or inhibitors. “p<0.01.
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Figure 4. Knockdown of epidermal growth factor receptor (EGFR) in SGC7901 cells. (A and B) Western blot analysis of EGFR expression in EGFR-
overexpressing or -silenced cells by overexpression lentivirus or siRNA. SGC-7901 cells were transfected with plasmid or siRNA, and the protein levels were
assessed (n=3). (C and D) The mRNA levels of A were quantified (n=3). Si NC is the negative control of the siRNA of EGFR. PCDNA NC is the negative
control of the EGFR overexpression lentivirus. “p<0.01.
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Figure 5. Overexpression or silencing of epidermal growth factor receptor (EGFR) regulates cell proliferation and migration in SGC-7901 cells. (A) Silencing
of EGFR clearly promoted the proliferation of SGC7901 cells, whereas overexpression of EGFR inhibited cell proliferation (n=3). (B) Quantitative analysis
of A (n=3). (C) Transwell assays demonstrated that knockdown of EGFR strongly enhanced cell migration in GC cells, whereas overexpression of EGFR
inhibited cell migration (n=3). (D) Quantitative analysis of C. (E) Validation of cell migration by wound-healing method after downregulation or upregulation
of the expression of EGFR (n=3). Si.NC is the negative control of the siRNA of EGFR. EGFR.NC is the negative control of the EGFR overexpression lentivirus.

#Ep<0.01.

Transwell assay result, upregulation of miR-455 significantly
suppressed the migration of gastric cancer cells (Fig. 3E).

These aforementioned in vitro results indicated that
miR-455 exerts a cancer-suppressive role in gastric cancer
cells and provides evidence that miRNA participates in the
processes of gastric cancer.

Overexpression of EGFR promotes proliferation and migration
of SGC-7901 cells. Next, we investigated the effects of EGFR
on cell proliferation and migration by overexpressing and
silencing EGFR. An overexpression lentivirus was constructed
to overexpress EGFR, and the siRNA sequence targeting

human EGFR was designed to knock down the expression of
EGFR. It was revealed in our study that infection of the EGFR
overexpression lentivirus led to a significant increase or siRNA
led to adecrease in protein and mRNA levels in SGC-7901 cells,
compared with the control (Fig.4). Knockdown of EGFR by
siRNA downregulated the protein expression and suppressed
the proliferation and migration, whereas overexpression of
EGFR resulted in a higher rate of proliferation and migration.
In addition, we used EdU assay, Transwell assay and wound-
healing assay to assess SGC-7901 cells in which EGFR was
knocked down and the cells exhibited a significantly lower rate
of proliferation and decreased migration, whereas the cells
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overexpressing EGFR exhibited a significantly higher rate of
proliferation and decreased migration (Fig. 5).

Discussion

A substantial number of studies on certain miRNAs or miRNA
patterns have been published in recent years, indicating that
miRNAs play an important role in the initiation and develop-
ment of gastric cancer. For example, miR-1, miR-206, miR-34a
and miR-144 directly target the MET gene and downregulate
its expression, thus inhibiting gastric cancer cell proliferation
and migration (18-21). miR-196a/-196b promotes cell metas-
tasis by targeting radixin in gastric cancer (22). miRNAs
are also relevant to the chemosensitivity of cancer cells. For
example, miR-23b-3p inhibited autophagy by targeting ATG12
and HMGB?2 and made gastric cancer cells sensitive to chemo-
therapy (23). miR-135 can reverse resistance to chemotherapy
and promote apoptosis by negative regulation of MCL1 (24).
Therefore, identifying the function of miRNA can help us
to better understand the carcinogenesis and progression of
gastric cancer.

In the present study, bioinformatic prediction for upstream
miRNAs of EGFR and an inverse expression pattern of predicted
miR-455 and EGFR in human gastric cancer and para-carci-
noma tissues indicated a potential binding of miR-455 with the
3'UTR of EGFR mRNA. Then further verification through a
reporter assay provided direct evidence for the specific binding.
The subsequent experiments revealed that miR-455 could
suppress the proliferation and migration of gastric cancer cells
by negatively regulating the expression of EGFR. Furthermore,
the cancer-promoting function of EGFR was further confirmed
in gastric cancer cells through the silencing and overexpression
of EGFR. It was demonstrated in our study that miR-455 was
significantly downregulated in gastric cancer tissues and exhib-
ited a cancer-suppressive function in gastric cancer.

EGFR is a transmembrane protein with cytoplasmic
kinase activity. Homodimerization and/or heterodimerization
induced by ligands causes autophosphorylation of the cyto-
plasmic domain of the receptor, thus activating downstream
cell signaling pathways, such as the RAS-RAF-MEK-MAPK
pathway (25,26), the PI3K-PTEN-AKT pathway (27,28)
and the STAT pathway (29,30), and finally facilitating the
proliferation, invasion and metastasis and the suppression of
apoptosis of cancer cells. Thence, suppression of EGFR is a
notable method for the treatment of cancers.

There are two types of anti-EGFR targeting therapeutic
agents based on the aforementioned theory: monoclonal
antibodies that bind to extracellular domain of EGFR thereby
preventing EGFR from binding with its endogenous ligands
and tyrosine kinase inhibitors that target the cytoplasmic TK
domain (31). An EXPAND study revealed that, in contrast to
the favorable results in colorectal, head and neck and lung
cancer, cetuxiumab, a type of monoclonal antibody, combined
with chemotherapy brought no survival benefit to gastric
cancer patients (32). Another monoclonal antibody, panitu-
mumab induced a decrease in the survival of patients with
gastric cancer, according to a REAL-3 study (33). Moreover,
some phase II trials with EGFR TKIs, such as gefitinib or
erlotinib revealed only modest benefits when used as mono-
therapy or combined with chemotherapy (34-36). Thus, more

exploration is warranted in the targeted therapy against EGFR
in gastric cancer, and negative regulation of miRNAs on target
genes provide a new approach for targeted therapy. The current
study demonstrated the cancer-promoting function of EGFR
in gastric cancer cells and a post-transcriptional regulation
strategy for EGFR mediated by miR-455, which may become
a new targeted therapy for anti-EGFR therapy.

To conclude, we demonstrated that miR-455 as a tumor
suppressor inhibits cell proliferation and migration in gastric
cancer. In addition, our study offers a potential targeted
therapeutic method against EGFR in gastric cancer mediated
with the use of miR-455, which effectively inhibits the gene
expression of EGFR via regulation of its 3'UTR mRNA.
Future studies should be focused on the exploration of agents
that can deliver anticancer miRNASs in vivo to suppress the
expression of oncogenes.
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