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Gastric cancer is one of the four major tumors in the world and the second leading cause of cancer-related death. It was
reported that Substance P (SP), as an oncogenic factor, could regulate the expression of miRNAs in gastric cancer progres-
sion. Here, we focused on the role of miR-877-5p in gastric cancer development and the miR-877-5p involvement in the
SP-mediated gastric cancer development. The mRNA expression level and cell proliferation were assessed by quantitative
real-time PCR and cell counting kit-8 assay, respectively. Flow cytometry was conducted to detect apoptosis, followed by
assessing the expression of related apoptosis factors. Dual-luciferase reporter assay was performed to validate the inter-
action between miR-877-5p and Forkhead cassette M1 (FOXM1). Our results showed that SP treatment significantly
increased cell proliferation in gastric cancer. Moreover, the miR-877-5p expression was dose-dependently decreased by SP,
whereas FOXM1 expression was markedly increased by SP in gastric cancer cells. miR-877-5p negatively regulated gastric
cancer development via inhibiting cell proliferation and promoting apoptosis accompanied by increased cleaved caspase-3,
cleaved caspase-9, and Bax protein levels and decreased Bcl-2 level. We confirmed that miR-877-5p could target FOXM1
and negatively regulate its expression. Furthermore, we demonstrated that SP could promote cell proliferation and inhibit
apoptosis, while miR-877-5p overexpression reversed the effect of SP on cell proliferation and apoptosis. These results
suggest that miR-877-5p overexpression can antagonize the promoting effect of SP on the development of gastric cancer,

indicating that miR-877-5p may serve as a promising therapeutic target for gastric cancer.

Key words: gastric cancer, Substance P, miR-877-5p, cell proliferation, apoptosis

Gastric cancer is one of the most common malignan-
cies in the digestive system and the second leading cause of
cancer-related death [1, 2]. According to the global incidence
and mortality of gastric cancer updated by the International
Agency for Research on Cancer (IARC) in 2008 [3], gastric
cancer accounts for 7.8% of all reported cancer cases, making
it the fourth most common malignancy in the world after lung
cancer, breast cancer, and colorectal cancer [4]. Etiologically,
Helicobacter pylori infection, dietary and lifestyle factors, and
genetics and ethnicity are all factors affecting the develop-
ment of gastric cancer [4]. Currently, traditional cancer treat-
ments, including surgical resection of the primary tumor,
radiotherapy, and chemotherapy, offer the only chance of
cure in cancer progression [5, 6]. Therefore, new treatments
should be developed to solve this global problem.

Substance P (SP) belongs to the tachykinin family of
peptides and plays an important role in tumor cell prolifera-
tion, apoptosis, angiogenesis, invasion, and metastasis [7-9].
Neurokinin-1 (NK-1) receptor (NK-1R) belongs to the family

of G protein-coupled receptors, which has a high affinity to
SP [10]. SP and NK-1R are present in human gastric cancer
or normal gastric cells [11, 12]. A previous study found that
SP, after binding to the NK-1R, could induce proliferation
of gastric cancer cells [11]. Besides, in vitro studies have
demonstrated that SP promoted the proliferation, adhesion,
migration, and invasion in human gastric cancer cells [13].
Meanwhile, in vivo studies indicated that a significant
increase in the incidence of gastric cancer was observed after
long-term injection of SP in Wistar rats [14]. Therefore, SP
plays a promoting role in the development of gastric cancer.

microRNAs (miRNAs) are 21-23 nucleotide-long single-
stranded non-coding RNA molecules that regulate target
molecules and genes involved in cellular processes, including
inflammation, cell cycle regulation, stress response, differ-
entiation, apoptosis, and migration through transla-
tion inhibition and mRNA destabilization [15-17]. Many
miRNAs are dysregulated during cancer development and
act as oncogenes or tumor suppressor genes. Especially,
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miR-877-5p was downregulated in the blood and tissues
of patients with renal cell carcinoma [18]. Moreover,
miR-877-5p played a tumor-inhibiting role in hepatocel-
lular carcinoma by targeting Forkhead cassette M1 (FoxM1)
[19]. Besides, dysregulated miR-877-5p has also been
observed in other cancers, including liver cancer, kidney
cancer, and bladder cancer [18, 20, 21]. However, whether
miR-877-5p is involved in the development of gastric cancer
remains unknown. In addition, studies have found that some
miRNAs in cancer cells were regulated by SP. Specifically, SP
could downregulate the expression of miR-877-5p in human
colon epithelial cells [22]. However, whether SP regulates the
expression of miR-877 in gastric cancer cells remains unclear.
Therefore, in the present study, we investigated the role of
miR-877-5p in gastric cancer progression and determined
whether miR-877-5p was involved in the SP-mediated devel-
opment of gastric cancer.

In the current study, we investigated: 1) the role of SP
treatment in cell proliferation and miR-877-5p expression
in gastric cancer; 2) the role of miR-877-5p overexpression
or knockdown in cell proliferation and apoptosis in gastric
cancer; 3) the role of miR-877-5p overexpression or knock-
down in proliferation and apoptosis in SP-treated gastric
cancer cells.

Materials and methods

Cell lines and treatment. Our study did not require
ethical board approval because it did not contain human or
animal trials. Gastric cancer cell lines MGC-803, MKN45,
and HGC-27 were purchased from Procell (Wuhan, China).
All cell lines were cultured in RPMI-1640 (Gibco, 31800-014,
USA) medium containing 10% fetal bovine serum (Hyclone,
SH30084.03, USA) in an incubator at 37 °C supplied with 5%
CO,. For SP treatment, MGC-803 and MKN45 cells were
treated with 100 nM SP for 0, 6, 12, 24, 48, and 72 h or cells
were treated with SP (0, 5, 10, 50, and 100 nM) for 48 h.

Oligonucleotides  and  transfection.  Synthetic
miR-877-5p mimics, inhibitor, and their corresponding
negative control (NC) were purchased from Jintuosi Biolog-
ical Technology Co., Ltd. (Wuhan, China). The transfec-
tions and co-transfections were mediated by Lipofectamine®
2000 (Invitrogen, 11668-019, USA). For the transfection,
miR-877-5p mimics, inhibitor, or its corresponding NC was
transfected into MKN45 and MGC-803 cells for 48 h. For
the co-transfection, the plasmid was co-transfected with

Table 1. Oligonucleotide sequences.

Name Sequences

miR-877-5p mimics  5- GUAGAGGAGAUGGCGCAGGG-3’
5- CUGCGCCAUCUCCUCUACUU-3

mimics NC 5-UUCUCCGAACGUGUCACGUTT -3’
5-ACGUGACACGUUCGGAGAATT-3

miR-877-5p inhibitor 5-CCCUGCGCCAUCUCCUCUAC-3

inhibitor NC 5-UUGUACUACACAAAAGUACUG-3

miR-877-5p mimics, inhibitor, or its corresponding NC
into MKN45 and MGC-803 cells for 48 h. Oligonucleotide
sequences are shown in Table 1.

Western blot analysis. Western blot was performed to
detect protein levels. Briefly, cells were lysed using RIPA
buffer (Solarbio, R0010, China). The total protein concen-
tration was detected by BCA protein concentration assay
kit (Solarbio, PC0020, China). SDS-polyacrylamide gel
electrophoresis (SDS-PAGE, 10% gel, 20 pg/lane) was then
performed to separate protein extracts. After electropho-
resis, the proteins were transferred to PVDF membranes
(Millipore, IPVH00010, USA) and blocked at room tempera-
ture with 5% skim milk dissolved in TBST (TBS with 0.1%
Tween-20) for 2 h. Subsequently, the membranes were
incubated with primary antibodies in TBST containing
0.5% skim milk at 4 °C overnight. After washing with TBST
four times (5 min/time), the membranes were incubated
with HRP-conjugated anti-rabbit secondary antibodies
(1:5000, Solarbio, SE134) and GAPDH was incubated with
HRP-conjugated anti-mouse secondary antibody (1:5000,
Solarbio, SE131) for 2 h at room temperature. After washing
six times with TBST (5 min/time), the membranes were
treated with ECL luminescence solution (Solarbio, PE0010,
China) for chemiluminescence. The expression levels of the
target proteins were normalized to the GAPDH level. Optical
density values of target bands were analyzed using Gel image
processing system (Gel-Pro-Analyzer software). The primary
antibodies used in present study were as follows: NK-1R
(1:1000, Proteintech, 17942-1-AP), Caspase-3 (1:1000, Cell
Signaling Technology (CST), #14220), Caspase-9 (1:1000,
CST, #9502), Bcl-2 (1:2000, Proteintech, 12789-1-AP), Bax
(1:5000, Proteintech, 50599-2-1g), FOXM1 (1:1000, Protein-
tech, 13147-1-AP), and GAPDH (1:10000, Proteintech,
60004-1-Ig).

Cell Counting Kit-8 (CCK-8). Gastric cancer cells were
inoculated in 96-well plates at a density of 4x10°cells/well.
Cells transfected with miR-877-5p mimics, mimics negative
control (NC), miR-877-5p inhibitor, or inhibitor NC
continued the incubation at 37 °C supplied with 5% CO, for
0, 6, 24, 48, and 72 h. Subsequently, CCK-8 solution (10 pl,
Keygen Biotech, KGA317, China) was added to each well,
and cells were cultured in an incubator at 37 °C supplied with
5% CO, for 2 h. Finally, the OD value at 450 nm was deter-
mined on a microplate reader (Biotek, ELX-800, USA).

Quantitative Real-Time PCR (qRT-PCR). gqRT-PCR
was performed to detect the relative levels of the transcripts
(miR-877-5p and FOXM1). In brief, total RNA was extracted
from the MGC-803 and MKN45 cells using the total RNA
extraction kit (Tiangen, DP419, China) according to the
manufacturer’s protocols. To detect the miR-877-5p expres-
sion level, complementary DNA (cDNA) was generated. The
temperature protocol for reverse transcription was as follows:
37°C for 30 min, 42°C for 30 min, and 70°C for 10min.
Subsequently, to determine the miR-877-5p expression level,
qRT-PCR was performed. The temperature protocol for
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qRT-PCR was as follows: 94°C for 2 min, 40 cycles of 94°C
for 155, 60 °C annealing temperature for primer pairs for 15s
and 72°C for 15s.

The cDNA was obtained to determine the FOXM1 expres-
sion. The temperature protocol for reverse transcription was
as follows: 25°C for 10 min, 42 °C for 50 min, and 80°C for
10 min. The qRT-PCR was performed to analyze FOXM1
mRNA expression. The temperature protocol for qRT-PCR
was as follows: 94°C for 5 min, 40 cycles of 94°C for 10 s,
60°C annealing temperature for primer pairs for 20 s and
7°C for 30 s. U6 and GAPDH were used as internal controls
to standardize the expression of miR-877-5p and FOXM]1,
respectively, in each sample. Quantification of gene expres-
sion was determined using the 2742 comparative method.
The primers (GenScrip, China) for qRT-PCR are shown in
Table 2.

Flow cytometry analysis. The cells were inoculated in
6-well plates at a density of 1x10° cells/well and transfected
with miR-877-5p mimics, mimics NC, miR-877-5p inhibitor,
or inhibitor NC for 48 h. Subsequently, cells were double-
stained using an apoptosis detection kit (Beyotime, C1062,
China) according to the manufacturer’s protocols. Cells
stained with annexin V-FITC and PI were analyzed by flow
cytometry (Aceabio, NovoCyte, USA).

Luciferase reporter assay. The wild type FOXM1-3’-
Untranslated Region (UTR) sequence and the mutated
FOXM1-3’-UTR sequence were cloned into the pmirGLO
dual-luciferase reporter vectors to construct the pmirGLO-
FOXM1-3’-UTR-wild-type (WT) and pmirGLO-FOXM1-
3’-UTR-mutant (MUT) plasmids. The recombinant plasmid
was co-transfected into MKN45 or MGC-803 cells with
miR-877-5p mimics, mimics NC, miR-877-5p inhibitor,
or inhibitor NC, respectively, using Lipofectamine® 2000
(Invitrogen). The cells were inoculated into 12-well plates
at a density of 1x10° cells/well. After 48 h treatment, the
transfected cells were collected and luciferase activity was
measured using a dual-luciferase assay kit (Promega, E1910,
USA). Luciferase activity was measured by Firefly luciferase/
Renilla luciferase.

Statistical analysis. The students’ t-test was used to analyze
the differences between the two groups. One-way ANOVA
and two-way ANOVA were used to determine the statis-
tical significance between three or more groups. GraphPad
8.0 was used for all statistical tests. A p-value <0.05 was
considered as statistical significance, data were presented as
means * standard deviation (SD). All the experiments were
performed with three experimental replicates.

Results

SP promoted cell proliferation and decreased the expres-
sion of miR-877-5p in gastric cancer. In the present study,
NK-1R levels in gastric cancer cell lines HGC-27, MGC-803,
and MKN45 were detected, and two cell lines MGC-803 and
MKN45 with a relative higher protein level of NK-1R were

Table 2. qRT-PCR primer sequences.

Gene
hsa-miR-877-5p

Primer sequences

forward: 5’- GTAGAGGAGATGGCGCAGGG -3
reverse: 5- GCAGGGTCCGAGGTATTC -3’

U6 forward: 5’- GCTTCGGCAGCACATATACT -3’
reverse: 5- GCAGGGTCCGAGGTATTC -3’

FOXM1 forward: 5- CGAAAGATGAGTTCTGATGG -3’
reverse: 5- CTGTTGATGGCGAATTGTAT -3’
GAPDH forward: 5- GACCTGACCTGCCGTCTAG -3’

reverse: 5- AGGAGTGGGTGTCGCTGT -3

selected (Figure 1A). After treatment with SP for 0, 6, 12, 24,
48, and 72 h, the viability of MGC-803 and MKN45 cells was
increased, and the increase was especially significant after 48
h of SP treatment (Figure 1B, p<0.05). After treatment with
SP (0, 5, 10, 50, and 100 nM) for 48 h, the expression level of
miR-877-5p in MGC-803 and MKN45 cells was detected by
qRT-PCR, and the results showed that miR-877-5p expres-
sion level was dose-dependently decreased by SP (Figure 1C,
p<0.05). Meanwhile, the mRNA and protein expression
levels of FOXM1 in MGC-803 and MKN45 cells were also
markedly reduced by SP (Figure 1D, p<0.05). Therefore, the
results indicated that SP plays a promoting role in gastric
cancer development and negatively regulates miR-877-5p
expression, while SP positively regulates FOXMI expression.

miR-877-5p inhibited cell proliferation and promoted
apoptosis in gastric cancer. To explore the role of miR-877-5p
in the development of gastric cancer, gastric cancer cell lines
MGC-803 and MKN45 were transfected with miR-877-5p
mimics, mimics NC, miR-877-5p inhibitor, or inhibitor NC
for 48 h (Figure 2A). The results of the CCK-8 assay showed
that the miR-877-5p overexpression inhibited cell prolif-
eration, whereas miR-877-5p knockdown had the opposite
effect (Figure 2B, p<0.05). The apoptosis was detected by flow
cytometry, and the results showed that miR-877-5p overex-
pression promoted apoptosis, whereas miR-877-5p silencing
inhibited apoptosis in gastric cancer cells (Figures 2C-2F,
p<0.05). Meanwhile, the protein levels of the apoptosis
promotors, cleaved caspase-3, cleaved caspase-9, and Bax
were increased by miR-877-5p overexpression, whereas their
expression levels were decreased in miR-877-5p-silenced
cells (Figures 3A-3C, p<0.05). In contrast, the protein expres-
sion level of the apoptosis suppressor Bcl-2 was decreased
in miR-877-5p overexpressed cells, whereas its level was
increased in miR-877-5p-silenced cells (Figures 3A-3C,
p<0.05). Our results suggest that miR-877-5p negatively
regulates gastric cancer development through inhibiting cell
proliferation and inducing apoptosis.

miR-877-5p suppressed the expression of its target
gene FOXM1. We further detected the targeting relation-
ship between miR-877-5p and FOXMI1 by dual-luciferase
reporter assay in MGC-803 and MKN45 cells. The predicted
binding sites of miR-877-5p on FOXM1 mRNA are shown
(Figure 4A). The results showed that the relative luciferase
intensity in miR-877-5p mimics + FOXM1 WT group was
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Figure 1. SP promoted cell proliferation and decreased the expression of miR-877-5p in gastric cancer. A) The relative protein expression level of NK-
1R was quantified by densitometry in MGC-803, MKN45, and HGC-27 cells. B) MGC-803 and MKN45 cell vitality after treatment with SP (100 nM)
for 0, 6, 12, 24, 48, and 72 h. C) The relative expression level of miR-877-5p in MGC-803 and MKN45 cells after treatment with SP (0, 5, 10, 50, and 100
nM) for 48 h. D) Relative mRNA and FOXM1 expression levels in MGC-803 and MKN45 cells after treated with SP (100 nM) for 48 h. Data are means

+ SD, n=3. ‘p<0.05 compared with the control group.

significantly lower than that in mimics NC + FOXM1 WT
and miR-877-5p mimics FOXM1 MUT groups (Figure 4B,
p<0.05), indicating that there is a direct targeting relation-
ship between miR-877-5p and FOXM1. Besides, the effect
of miR-877-5p overexpression or knockdown on FOXM1
expression in MGC-803 and MKN45 cells was examined by
qRT-PCR and western blot, respectively. Our results showed
that miR-877-5p overexpression decreased the mRNA and
protein levels of FOXM1 in both MGC-803 and MKN45
cells, whereas their levels were increased in miR-877-5p-si-
lenced cells (Figures 4C, 4D, p<0.05). The results suggested
that miR-877-5p can target FOXMI and negatively regulate
its level.

miR-877-5p antagonized the effect of SP on gastric
cancer cells. We further explored the regulatory relationship
between miR-877-5p and SP in the development of gastric
cancer. MGC0803 and MKN45 cell vitality after SP treatment
of cells transfected with miR-877-5p mimic (Figure 5A). The
results showed that the upregulation of miR-877-5p inhibited
SP-induced cell proliferation and attenuated SP-mediated
inhibition of apoptosis (Figures 5B-5D, p<0.05). Besides, SP
treatment decreased cleaved caspase-3 and cleaved caspase-9
protein levels, which was reversed by the miR-877-5p overex-
pression (Figures 5E-5G, p<0.05). The results suggested that
miR-877-5p could antagonize the effect of SP on the develop-
ment of gastric cancer.
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Figure 2. miR-877-5p inhibited cell proliferation and promoted apoptosis in gastric cancer. A) The relative expression level of miR-877-5p after MGC-
803 and MKN45 cells were transfected with miR-877-5p mimics, mimics NC, miR-877-5p inhibitor, or inhibitor NC for 48 h. B) MGC-803 and MKN45
cell vitality after cells were transfected with miR-877-5p mimics, mimics NC, miR-877-5p inhibitor, or inhibitor NC for 0, 6, 12, 24, 48, and 72 h. C-F)
Flow cytometry assay of apoptosis in MGC-803 and MKN45 cells after transfected with miR-877-5p mimics, mimics NC, miR-877-5p inhibitor, or
inhibitor NC for 48 h. Data are means * SD, n=3. 'p<0.05 compared with the mimics NC group, *p<0.05 compared with the inhibitor NC group.
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cells. Data are means + SD, n=3. 'p<0.05 compared with the mimics NC group, *p<0.05 compared with the inhibitor NC group.
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Figure 4. miR-877-5p directly targeted FOXM1 and decreased the expression of FOXM1 in gastric cancer. A) The predicted binding sites of miR-877-
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MKN45 cells. D) The relative protein level of FOXM1 was quantified by densitometry and normalized to the level of GAPDH in MGC-803 and MKN45
cells. Data are means + SD, n=3. 'p<0.05 compared with the mimics NC group, *p<0.05 compared with the inhibitor NC group.

Discussion

In the present study, we demonstrated that miR-877-5p
exerts an inhibitory role in gastric cancer progression, and this
inhibition was achieved by targeting FOXM1. Furthermore,
we proved that oncogenic factor SP can reduce the expres-
sion of miR-877-5p, and the overexpression of miR-877-5p
antagonizes the promoting effect of SP on the development of
gastric cancer. Our findings indicated that miR-877-5p may
be a potential therapeutic target for gastric cancer.

miR-877-5p was reported to play a vital role in the devel-
opment of cancers, but whether miR-877-5p regulates the

development of gastric cancer remains unknown. It was
reported that miR-877-5p was lowly expressed in glioblas-
toma and inhibited cell proliferation [23]. Similar to previous
studies is that miR-877-5p was also downregulated in gastric
cancer cells and suppressed cell proliferation. In addition,
cancer cells can survive not only through proliferation but
also through resistance to cell death signals. Apoptosis, a
gradual process of strict procedural regulation, is probably
the most common form of cell elimination. It is known that
inappropriate apoptosis can affect the occurrence of many
human diseases, including ischemic injury, autoimmune
diseases, and cancers [24]. Caspase-3 and caspase-9 are the



1300 Xiao-Dan GUO, Nan ZHANG, Lei SHA

A am miR877-5p mimics £ miR877-5p mimics+SP O M miR-877-5p mimics £3 miR-877-5p mimics+SP

E= mimics NC =3 mimics NC+SP Ea3 mimics NC =3 mimics NC+SP
$ 30- *
2.0 — —_ %
# p— #

= | s | 20
E 15 T
£ 15 " _ 104
¢ S
Y o
2 ©
‘; ]
a
o

T T
MGC-803 MGC-803

:c Q2-1 Q2-2 ;c X X
B = {12.90% 8.59% - ?391% 2532% E ,\09
> 3 6‘\6\
_ A\ A
. o &\o ‘b
S
6‘ & 6‘
. e a2 35 kDa ---- M S s S  pro caspase-3
™ - . - T " . - - .
g 1027 104 105 106 1073 1027 104 105 106 1073
] FITC FITC
T Lo 17kDa | s 0 — -
8 miR-877-5p mimics mimics NC -— W cleaved caspase-3
= . - -
o Jaz1 Q22 s Taz1 Q22 47kDa - - - - w— . o wwww PrO caspase 9
1.44% 5.07% " 1057% 0.28%
) )
37 kDa | " - -— - cleaved caspase-9
» -
> >
i =, 36 KDa W - —-— WD GNS @EBENS  GAPDH
5 5
~ MGC-803 MKN45
9 |vam Tion| 9 |sha oo
o B K o |98.58% 0.57%
S S
T027 0t H‘TOCS 100 10 T2 f FI‘T"S 106 1073 F B miR-877-5p mimics [ miR-877-5p mimics+SP
6 - -
miR-877-5p mimics+SP mimics NC+SP » E=a mimics NC =3 mimics NC+SP
3 2 E:
S Taz1 Q2-2 S a2t 2
C 9.97% 6.30% 1.19% 1.72% (2] c 4
< © Q =
e 2 = g
v - Q 3
=) e O
o,
T T = 2
: * 5
: 4
. a2 Q24 . 23 Q24
o |7238% 11.36% P N —62% pro caspase-3 cleaved caspase-3 pro caspase-9 cleaved caspase-9
:l') T10%1 104 105 106 107 1082 1031 104 105 108 107 1082
FITC FITe
E miR-877-5p mimics mimics NC G ) N ) .
s. . 5 . miR-877-5p mimics B3 miR-877-5p mimics+SP
3 2
o {Q2-1 Q2-2 Q2- Q2-2 i imis
= |8.36% 268% = |05 0.10% 3 E@ mimics NC =1 mimics NC+SP
E ) § 44
c
B 2 37
. ‘ 3§
&
® B X o2
= 2
T 14
- Q2-3 Q2-4 Q2-3 Q2-4 [
& [8523% 3.73% :o 99.20% 0.35% x
T1031 104 105 10 107 0% 1031 10¢ 105 10° 107 1082 0-
FITC FITC pro caspase-3 cleaved caspase-3 pro caspase-9 cleaved caspase-9
miR-877-5p mimics+SP mimics NC+SP

Figure 5. miR-877-5p overexpression antagonized the effect of SP on cell proliferation and apoptosis in gastric cancer. A) MGC-803 and MKN45
cell vitality after SP treatment of cells transfected with miR-877-5p mimics or mimics NC. B-D) Flow cytometry assay of apoptosis in MGC-803 and
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key executioners of apoptosis, partially or fully responsible
for proteolytic cleavage of many key proteins [25]. Bcl-2 and
related family members are involved in cell death induced by
many stimuli, among them, Bcl-2 is an inhibitor of apoptosis,
whereas Bax promotes apoptosis [26]. In the present study,
we demonstrated that miR-877-5p can induce apoptosis
in gastric cancer cells as evidenced by increased cleaved
caspase-3, cleaved caspase-9, and Bax and decreased Bcl-2.
Opverall, the results suggested that miR-877-5p negatively
regulates the development of gastric cancer through
suppressing cell proliferation and inducing apoptosis.

As we all know, miRNAs participate in a variety of
biological functions by negatively regulating downstream
target genes. Previous studies found that the upregulation
of miR-877-5p could inhibit the cell proliferation of hepato-
cellular carcinoma by targeting FOXM1. Here, we validated
the targeting relationship between miR-877-5p and FOXM1
in gastric cancer. Moreover, miR-877-5p directly regulates
the expression level of FOXM1 because it binds the 3’-UTR
of FOXM1 mRNA complementarily to the seed region
of miR-877-5p. FOXMI1 is a member of the Fox family of
transcription factors, and the overexpression of FOXM1 has
been detected in a variety of cancer types [27, 28]. Besides,
the FOXM1 regulatory network has been shown to be a major
predictor of adverse outcomes in 18,000 cancer cases of 39
human malignancies [29]. Previous studies demonstrated
that the overexpression of FOXM1 promoted cell migration,
invasion, proliferation, and epithelial-mesenchymal transi-
tion in gastric cancer cells [30]. Silencing FOXM1 could
promote apoptosis and autophagy in gastric cancer cells [31].
The findings indicated a vital role of FOXM1 in gastric cancer
progression. Overall, we demonstrated that miR-877-5p may
regulate cell proliferation and apoptosis in gastric cancer by
targeting FOXM1.

SP is an undecapeptide and widely distributed in the
body. It is derived from the prokinin A gene and belongs
to the tachykinin family. It has been reported that SP plays
a role as a carcinogen in the development of many cancers,
including gastric cancer [11, 32]. Especially, SP was associ-
ated with differentiation of gastric cancer and promoted
proliferation, adhesion, migration, and invasion of gastric
cancer cells [13]. Moreover, the long-term administration
of SP significantly increased the incidence of gastric cancer
in week 52 [14]. In the present study, we demonstrated that
SP promotes the development of gastric cancer by increasing
cell viability and suppressing apoptosis in gastric cancer cells,
which is consistent with previous studies. Furthermore, there
is evidence that miR-877-5p expression could be regulated
by SP in the development of cancer [22]. Here, we further
explored the relationship between miR-877-5p and SP in
the development of gastric cancer. We demonstrated that
SP not only promotes the development of gastric cancer
but also decreases the expression of miR-877-5p, which was
similar to previous studies on human colon epithelial cells
[22]. Moreover, the miR-877-5p overexpression reversed the

effect of SP on gastric cancer cell functions, including prolif-
eration and apoptosis. The findings suggested that SP may
play a promoting role in the development of gastric cancer
by downregulating the expression of miR-877-5p. Besides,
we proved that the FOXM1 expression level was positively
correlated with SP in gastric cancer, indicating that SP may
increase the level of FOXM1 by downregulating the expres-
sion of miR-877-5p.

Currently, NK-1 receptor antagonists targeting the SP/
NK-1R system are regarded as broad-spectrum anti-tumor
drugs, of which aprepitant has been used in clinical practice
and has anti-tumor effects on a large number of different
human tumors, including gastric cancer [32, 33]. The findings
indicated the important significance of SP in the clinical
treatment of cancer. In addition, FOXM1 has been reported
to be highly expressed in gastric cancer cells and tissues and
was associated with the prognosis of patients with gastric
cancer [34]. In the present study, we demonstrated that
SP promotes proliferation and inhibits apoptosis of gastric
cancer cells by downregulating the level of miR-877-5p and
further increasing the level of its downstream target gene
FOXM1, which may be one of the reasons for the develop-
ment of gastric cancer. More importantly, the miR-877-5p
overexpression can antagonize the promoting effect of SP on
the development of gastric cancer. Our findings indicate that
miR-877-5p may be a potential therapeutic target for gastric
cancer, and clarify the possible mechanism of SP involved
in the development of gastric cancer, which provides a new
direction for the clinical treatment of gastric cancer.
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