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Psoralen Suppresses Cisplatin-Mediated Resistance
and Induces Apoptosis of Gastric Adenocarcinoma

by Disruption of the miR196a-HOXB7-HER2 Axis
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Purpose: The present study aimed to investigate the impact of psoralen on miR-196a-5p
expression and function, and to reveal the mechanism underlying miR-196a-5p-mediated
inhibition and the reversal of cisplatin (DDP) resistance.

Methods: Serum samples were collected from 50 patients with gastric cancer (GC), and the
association between miR-196a-5p expression and the response to chemotherapy was assessed.
A DDP-resistant GC cell line was also established to determine the effects of miR-196a-5p and
psoralen on DDP resistance. MGC803 cells were transfected with miR-196a-5p mimic and
inhibitor vectors for the overexpression and downregulation of miR-196a-5p, respectively.
Results: Clinical data analysis showed that the lower expression levels of miR-196a-5p were
significantly associated with chemoresistance in patients with GC. Upregulation of miR-
196a-5p significantly enhanced the anti-proliferative effect, apoptosis and sensitivity to DDP
by regulating the protein expression levels of HOXB7, HER2, Bcl-2 and G,/S-specific
cyclin-D1 (CCND1). Furthermore, psoralen reversed miR-196a-5p-induced DDP resistance
and reduced the expression levels of HOXB7, HER2, Bcl-2 and CCND1.

Conclusion: miR-196a-5p may be a novel biomarker of chemotherapeutic success in
patients with GC and may also influence the sensitivity of GC cells to DDP. Moreover,
psoralen can increase chemotherapeutic sensitivity by upregulating miR-196a-5p and then
downregulating HOXB7-HER?2 signaling axis.
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Introduction

Gastric cancer (GC) is ranked as the fourth most malignant tumor, as well as
the second leading cause of tumor-related death worldwide.' There were about 691
000 cases of gastric adenocarcinoma worldwide in 2012.% An estimated 720 000
patients died from gastric cancer in that year.® Surgery is the first choice of treatment
for patients with early-stage GC, but since recurrence is frequent, a combination of
surgery and chemotherapy is frequently used.* Compared with surgery alone, com-
bined therapy improved disease-free survival rate and reduced the risk of recurrence
and metastasis in a number of clinical trials.’

Among different chemotherapeutic agents, cisplatin (DDP) is a first-line choice
for patients with progressive GC. DDP can activate several pathways which
promote apoptosis, thus exerts an antitumor effect.® Due to the high incidence of
drug-resistance, metastasis and recurrence, the long-term survival of patients with
GC is unsatisfactory.” DDP resistance is inevitable in most patients, and results in
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treatment failure. Furthermore, long-term use and repeated
administration of DDP are associated with severe side
effects.® Hence, the discovery of novel biomarkers and
targets for chemotherapy-resistant GC, and elucidating
the underlying molecular mechanisms of chemoresistance,
are critical for improving prognosis and treatment efficacy.

Despite demonstrated alterations and mutations in
anumber of GC-associated genes, the underlying molecular
mechanisms for chemotherapeutic resistance and GC devel-
opment have yet to be clarified. The upregulation of HER2
has been observed in various drug-resistant cancer types,
though the mechanisms involved are poorly understood.”
Therefore, identification of the mechanisms of resistance to
HER?2 targeting, and proposing a feasible strategy for their
circumvention in GC, would be of significant clinical value.
Previous studies have revealed that HOXB7, an estrogen
receptor (ER) cofactor for HER2 activation, promotes
endocrine resistance.'® Moreover, the overexpression of
HOXB?7 induces cellular proliferation, which is associated
with poor patient outcome in GC.'" Therefore, the HOXB7-
HER?2 axis may serve a vital role in the molecular mechan-
isms underlying the chemotherapeutic resistance of GC.

MicroRNAs (miRNAs) are a recently discovered class
of 19-25 nucleotide small non-coding RNAs that can nega-
tively regulate target gene expression by inhibiting expres-
sion or promoting the degradation of mRNA.'? Aberrant
miRNA expression has been reported in various types of
human cancer, and their participation in cancer angiogen-
esis, immune evasion, tumor growth and invasion indicate
that miRNAs serve vital roles in cellular regulation.'* >’
miRNAs have also been associated with drug resistance,
and their dysregulation has reportedly been linked to DDP
resistance in numerous types of tumor.>' >* However, the
roles of miRNAs in GC etiology and its response to che-
motherapy are not fully understood. Illuminating the biolo-
gical influences of miRNA dysregulation, as well as their
target genes, is crucial to the elucidation of their cellular
functions. The underlying mechanisms of miRNA dysregu-
lation and antineoplastic drug resistance may be associated
with miRNA-mediated regulation of apoptosis and prolif-
eration, which may subsequently block DNA repair and
drug targeting.”>

MicroRNA-196a-5p (miR-196a-5p) is a member of the
miR-196 family. miR-196a-5p appears to have originated
from the intergenic regions of homeobox gene clusters in
a number of species, and is a basic early-stage regulator of
tail regeneration.”®?” Downregulated miR-196a-5p expres-
sion has been identified in various malignancies, including

breast, colorectal and non-small-cell lung cancer; though
there are currently few studies of the effect of miR-196a-5p
on GC drug resistance.”®*° As a result, the present study
aimed to determine the underlying mechanisms of miR-
196a-5p downregulation and the reversal of DDP resistance
in MGC803/DDP cells. Previous studies have suggested
that a combination of chemotherapy and miRNA regulation
may be a promising treatment option for patients with
chemo-resistant cancer. Hence, altering the level of miR-
196a-5p expression may be a prospective strategy for com-
batting DDP resistance in human GC.

In addition, the expression levels of specific miRNAs
in the serum of patients with tumors can predict treatment
sensitivity and prognosis in a number of cancer types.>* >
Moreover, there is emerging evidence that specific serum
miRNAs may aid the early diagnosis and detection of
malignancies, as well as survival prognosis for patients
following surgery.”> > Nevertheless, unique miRNAs
that predict the response to GC chemotherapy remain
undiscovered. In the present study, the association between
clinical outcome and miRNA expression was assessed
using serum samples from patients with GC following
DDP-based first-line treatment. The serum miRNA signa-
ture may have predictive value for the DDP response and
provide a useful biomarker for personalized therapy.

Traditional Chinese Medicine has received consider-
able attention for its potential use against multi-drug resis-
tance (MDR).*® Natural products play a critical role for the
treatment of various types of cancers via different
mechanisms.’’>° Psoralen, the primary active ingredient
of Psoralea Corylifolia, is used as an anticancer agent,
though its mechanism of action remains unclear. Previous
studies have indicated that psoralen effectively inhibits the
progression of cutaneous T-cell lymphoma, and exerts
a certain degree of cytotoxicity towards mucoepidermoid
carcinoma cells.***?

Several agents have been investigated for the effective
reversal of DDP resistance. However, there are currently no
successfully developed drugs in clinical use. In the present
study, the reversal effect of psoralen on DDP resistance was
investigated in GC cell lines. Specifically, the effect of psor-
alen on cell cycle progression and proliferation, mediated by
miR196a-HOXB7-HER2 pathway, was analyzed in MGC803
and MGC803/DDP cells. Furthermore, DDP/psoralen combi-
nation treatment was assessed for its potential synergistic
effect on GC cells. Additionally, the clinical significance and
biological function of miR-196a-5p was clarified, as well as its
effect on DDP resistance in GC.
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Materials and Methods

Reagents and Antibodies

Primary antibodies against the following targets were
obtained from: HOXB7 (40-2000; Invitrogen; Thermo
Fisher Scientific, Inc.), HER2 (22425; Cell Signaling
Technology, Inc.), B-actin (SAB5500001; Sigma-Aldrich;
Merck KGaA), and cyclin D1 (29225; Cell Signaling
Technology, Inc.) and Bcl-2 (15071T; Cell Signaling
Technology, Inc.). The secondary antibodies (7074S and
7076S) were also purchased form Cell Signaling
Technology, Inc. DDP (purity, >99%; HPLC, 10 mg) and
psoralen (purity >99%; HPLC, 10 mg) were acquired from
Sigma-Aldrich; Merck KGaA.

Cell Culture

The MGCS803 cell line was acquired from the Chinese
Academy of Medical Sciences (Beijing, China). To establish
a DDP-resistant GC cell line (MGC803/DDP), MGC803 cells
were cultured in the presence of 2.5 pg/mL DDP in
a continuous stepwise manner, which drug concentrations
ranged from low to high, for 10 months, which resulted in
a shift towards a proliferative and anti-apoptotic phenotype.
The cell line was continuously cultured with 1 pg/mL DDP to
maintain resistance. Psoralen-cultured cells were continuously
cultured with psoralen for 4 weeks, unless otherwise indicated.
The cell lines were authenticated by STR profiling, and the
profiles compared with the ATCC, DSMZ or JCRB databases
(Cobioer Biosciences Co., Ltd). The cells were cultured in
Dulbecco’s Modified Eagle Medium (DMEM), supplemented
with 10% fetal bovine serum (FBS), 100 IU/mL penicillin and
100 IU/mL streptomycin (all Gibco; Thermo Fisher Scientific,
Inc.), in a humidified cell incubator with an atmosphere of 5%
CO, at 37°C, and the MGC803/DDP cell line was cultured
without DDP for a week prior to subsequent experimentation.

Transfection

Expression plasmids for the miR-196a-5p mimic control,
miR-196a-5p mimic, miR-196a-5p inhibitor control and
miR-196a-5p inhibitor were purchased from Fulengene. For
further study, including flow cytometry, reverse transcription-
quantitative (RT-q) PCR and Western blotting, cells were
seeded into 6-well plates (Corning Inc.) at a concentration of
5x10°/well; for MTT assays, the cells were seeded into 96-well
plates at 4x10°/well. When the cells had reached ~80% con-
fluence, each expression plasmid was mixed with Opti-
MEM™ 1 (Invitrogen; Thermo Fisher Scientific, Inc.) and
incubated for 5 min. Next, EndoFectin™-Max transfection

reagent (GeneCopoeia, Inc.) was diluted in Opti-MEM™
I and incubated for 5 min. The plasmids were then added to
the diluted transfection reagent to form a transfection complex,
which was then incubated for 10 min. Finally, the mixtures
were added to each well and incubated in a humidified cell
incubator with an atmosphere of 5% CO, at 37°C for
48-72 h. The cells were then collected, and transfection effi-
ciency was confirmed by RT-qPCR and Western blotting. All
experiments were carried out at room temperature.

Patient Enrollment

Serum specimens from 50 patients with GC in Beijing
Friendship Hospital, Capital Medical University were col-
lected according to the following criteria: i) Gastric adeno-
carcinoma was histologically confirmed; ii) patients had
received DDP-based chemotherapy as a first-line treatment;
iii) patients had received >2 cycles of chemotherapy; and iv)
chemotherapeutic efficacy was evaluated by unenhanced and
enhanced computed tomography (CT) after 2 or 3 cycles.
The present study was approved by the Ethics Committee of
Beijing Friendship Hospital, Capital Medical University, and
was conducted following the principles of the Declaration of
Helsinki. All patients gave written informed consent prior to
blood sample collection. Pre-chemotherapy serum samples
from patients who had received neoadjuvant chemotherapy
or palliative treatment were collected between January 2015
and December 2018. The chemotherapeutic response was
evaluated by 2 radiologists according to Choi’s criteria.*®
Treatment resistance was viewed as existing progressive
disease (PD) in <3 treatment cycles, and treatment response
was viewed as existing complete response (CR), stable dis-
ease (SD) or partial response (PR) lasting for 2 or 3 cycles.
Chemotherapy response-sensitive consisted of CR and PR,
and chemotherapy response-resistant included SD and PD.

MTT Assay

To verify the chemoresistance of the MGC803/DDP cell line,
cells were either cultured under normal conditions, or in the
presence of DDP or psoralen as aforementioned. The cells
were then seeded into a 96-well plate at a concentration of
4x103/we11, and after adherence, were treated with DDP and
psoralen (200 pL/well) at the indicated concentrations, either
as a single drug or in combination, for 48 h. The negative
control cells were treated with the vehicle only. After the
cells in 96-well plates were incubated with the MTT reagent
(3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bro-
mide) at 37°C for 4 h, the culture medium was removed, and
then 200 puL dimethyl sulfoxide (DMSO) was added to

Cancer Management and Research 2020:12

2805

Dove


http://www.dovepress.com
http://www.dovepress.com

Jin et al

dissolve the formazan. The OD values were recorded at 569
nm using a microplate reader (Bio-Rad Laboratories, Inc.).
ICyp and ICsy values were calculated and cell survival
curves were generated using GraphPad Prism 7 (GraphPad
Software, Inc.).

Colony Formation Assay

Briefly, 500 cells/well were added to a 6-well plate and cul-
tured for 3 days under drug treatment, and subsequently cul-
tured in complete medium without DDP for 2 weeks. Colonies
were fixed with anhydrous methanol and stained with crystal
violet (0.1% w/v) dye. Viable colonies that contained >50 cells
were counted and the mean colony number was calculated.
Colony forming efficiency was defined as the percentage of
the colony number to the number of plated cells; relative
colony forming efficiency was defined as the colony forming
efficiency of the treated sample/that of the untreated sample.
Cells were plated in triplicate for each condition.

Flow Cytometric Analysis of Apoptosis
Cells were treated with various concentrations of DDP or
psoralen (or a combination of both) or the vehicle control for
48 h, and subsequently harvested. The cells were then double-
stained with propidium iodide and fluorescein isothiocyanate-
Annexin V (BD Biosciences), and subsequently analyzed
using a FACSCalibur flow cytometer (BD Biosciences). The
levels of apoptosis were determined using FlowJo Software
version 10 (FlowJo LLC).

RNA Extraction and RT-qPCR

Total RNA was extracted from the cell lines and patient
samples using TRIzol® reagent (Invitrogen; Thermo Fisher
Scientific, Inc.). The RNA quality and concentration were
determined using a spectrophotometer (Thermo Fisher
Scientific, Inc.). The primers for miRNA and mRNA detec-
tion were purchased from FulenGene, and the sequences are
shown in Table 1. For miRNA analysis, total RNA was
reverse transcribed and quantified using the All-in-One™
miRNA RT-gPCR Kit (GeneCopoeia, Inc.). Relative
miRNA expression was normalized to that of U6 or let-7g-
5p. For mRNA analysis, total RNA was reverse transcribed
using the FastQuant RT Kit (Tiangen Biotech Co., Ltd.) and
gPCR was conducted using the Power SYBR® Green PCR
master mix (Toyobo Life Science). mRNA expression was
normalized to that of B-actin or GAPDH. A pre-incubation
for 10 min at 95°C was followed by 40 amplification cycles:
10 sec at 95°C, 20 sec at 60°C and 10 sec at 72°C. All

Table | Primers Used for RT-qPCR Analysis

Symbol Primer | Primer Sequence

miR-196a-5p | Forward | 5-GGGCTAGGTAGTTTCATGTTG-3’
miR-196a-5p | Reverse | 5-AGTGCGTGTCGTGGAGTC-3’
HOXB7 Forward | 5-GGAAAAAGGAGAACAAGACCG-3
HOXB7 Reverse | 5-CTCCATCCCTCACTCTTCCTC-3’
HER2 Forward | 5-AGATTCCGGGAGTTGGTGTC-3
HER2 Reverse | 5-GTCATCGTCCTCCAGCAGTG-3’
Bcl-2 Forward | 5-TGTCCCTTTGACCTTGTTTCT-3’
Bcl-2 Reverse | 5-TCATTTGCCATCTGGATTTT-3’
CCNDI Forward | 5-TGTCCTACTACCGCCTCACAC-3’
CCNDI Reverse | 5-TTGGGGTCCATGTTCTGC-3

Abbreviations: HOXB7, Homeobox B7; HER2, human epidermal growth factor
receptor 2; Bcl-2, B-cell lymphoma-2; CCNDI, GI/S-specific cyclin-DI.

reactions were performed using the ABI 7500 real-time fast
PCR system (Applied Biosystems).

Western Blotting

Whole protein was extracted from the harvested cells using
RIPA lysis buffer, and quantified with a bicinchoninic acid
protein assay kit (Beyotime Institute of Biotechnology). The
proteins were separated using a 10% SDS-PAGE gel
(Invitrogen; Thermo Fisher Scientific, Inc.) and electrotrans-
ferred onto PVDF membranes (GE Healthcare Bio-
Sciences). The membranes were blocked for 2 h with 5%
non-fat dried milk, and incubated with primary antibodies
against HOXB7 (1:1000), HER2 (1:1000), B -actin (1:5000),
cyclin D1 (1:1000), and Bcl-2 (1:1000) at 4°C overnight. The
following day, the membranes were washed and incubated
with the corresponding secondary antibodies (1:5000) for 1
h at 37°C. The target proteins were visualized using Novex™
ECL Chemiluminescent Substrate Reagent Kit (Invitrogen;
Thermo Fisher Scientific, Inc.) and analyzed using Image
Lab™ Software version 3.0 (Bio-Rad Laboratories, Inc.).

Dual-Luciferase Reporter Assay

The HOXB7 3’-UTR (containing the putative miR-196a-
5p binding sites) was cloned into the PmiR-RB-Report™
dual-luciferase reporter vector (Guangzhou RiboBio Co.
Ltd.). Using the EndoFectin"™-Max transfection reagent
(GeneCopoeia, Inc.), MGC803 cells were transfected with
the following: HOXB7-WT/NC vector, HOXB7-WT vec-
tor + miR-196a-5p mimic, HOXB7-MUT/NC vector, or
HOXB7-MUT vector + miR-196a-5p mimic. Lipo6000™
transfection reagent (Beyotime Biotechnology, Inc.) was
used for cell transfection. Culture medium was replaced
6 h after transfection. The luciferase activity values were
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calculated 48-72 h post-transfection. In this assay, firefly
luciferase was used as the experimental reporter gene, and
Renilla luciferase was used as the control reporter gene.
Experimental reporter genes were used to test gene expres-
sion under experimental conditions, while control reporter
genes were used as internal controls to normalize the
results of experimental reporter tests.

Bioinformatics Analysis
TargetScan (www.targetscan.org) was used to identify poten-

tial downstream target genes, and to predict the conserved
putative binding sequence for miR-196a-5p. Additionally,
the Kaplan—-Meier Plotter (http://kmplot.com) was used to
determine the association between the expression levels of
miRNA and mRNAs and patient overall survival (OS) over
a 10-year period.**

Statistical Analysis

The association between miR-196a-5p expression and
patient clinicopathological parameters was analyzed using
the Mann—Whitney U-test. The expression level distribution
of mir-196a-5p in different groups is presented as the median
and interquartile range [median (Q1 and Q3)]. The Log rank
test was used to determine significant differences between
groups during Kaplan—Meier analysis. All data are expressed
as the mean + standard deviation, and each experiment was
independently repeated >3 times. Quantitative data were
analyzed and graphically represented using GraphPad
Prism 7. For the in vitro experiments, statistical differences
were analyzed using the unpaired Student’s t-test and one-
way ANOVA followed by Tukey’s multiple comparisons
test. *P<0.05 was considered to indicate a statistically sig-
nificant difference.

Results

Analysis of Drug-Resistant Cell Lines

To verify the chemoresistance of the MGC803/DDP cell line,
MGC803/DDP and MGC803 cells were treated with various
concentrations of DDP for 48 h, and cell viability was
assessed (Figure 1A). The DDP ICs, value for MGC803/
DDP cells (~5.99 pg/mL) was 10.2-fold higher than that of
the MGC803 cells (~0.59 pg/mL) (Figure 1B). Colony for-
mation (Figure 1C and D) and flow cytometric assays
(Figure 1E and F) were also used to compare DDP resistance
between the MGCS803/DDP and MGCS803 cell lines.
Furthermore, RT-qPCR revealed that miR-196a-5p expres-
sion was reduced ~37.0-fold in MGC803/DDP, compared

with MGC803 cells (Figure 2A), which confirmed the asso-
ciation between DDP resistance and miR-196a-5p expres-
These results

sion level. suggest that miR-196a-5p

expression may affect the sensitivity of GC cells to DDP.

Expression Levels and Functions of
miR-196a-5p in Human GC Specimens

The clinicopathological characteristics of 50 patients who
received neoadjuvant chemotherapy or palliative treatment
are displayed in Table 2. The distribution of miR-196a-5p
expression in different groups is presented as the median and
interquartile range [median (Q1 and Q3)]. Clinical data were
collected and treatment efficacy was evaluated by CT after 2 or
3 cycles of chemotherapy. Independent measurements were
made by 2 radiologists according to Choi’s criteria.
A combination of unenhanced and enhanced CT was applied
to accurately evaluate the tumor response according to the
tumor density measurement. The serum miR-196a-5p expres-
sion levels in 25 chemotherapy response-sensitive (CR and
PR) and 25 chemotherapy response-resistant (SD and PD)
patients were analyzed by RT-qPCR. The results show that
miR-196a-5p expression was reduced in the serum of patients
with chemotherapy response-resistant GC (Figure 2B). The
association between clinical parameters and miR-196a-5p
expression was also assessed. The upregulation of miR-
196a-5p was significantly associated with smaller tumor size
(P=0.0135; Figure 2C) and weakly associated with TNM stage
(P=0.0664). However, the miR-196a-5p level was not related
to age, sex or lymph metastasis. These results indicate that in
patients with GC, miR-196a-5p may serve as a marker for the
response to DDP treatment.

To ascertain the potential of miR-196a-5p as
a prognostic factor, a large cohort analysis of survival
data was performed using the Kaplan—Meier Plotter.
Patients with high miR-196a-5p levels (n=107) exhibited
longer OS times over a 10-year period, compared with
those with low miR-196a-5p levels (n=324, HR=0.73,
P=0.063; Figure 2E). This was particularly pronounced
in patients of Asian origin (n=87, HR=0.41, P=0.027;
Figure 2F). Moreover, the area under the curve (AUC)
suggested a certain degree of diagnostic value (0.8552;
Figure 2D). These observations indicate that low miR-
196a-5p expression is associated with chemoresistance
and poor patient survival, implicating miR-196a-5p upre-
gulation as a potential treatment option for patients with
DDP-resistant GC.
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Table 2 The Correlation Between miR-196a-5p Expression and
Clinical Parameters in GC Patients (n=50)

Clinical Parameters Cases (n) | Expression Level P value
Age (years) 0.5247

<60 14 1.2840 (0.8769, 1.6370)

260 36 0.7745 (0.3055, 1.6466)

Gender 0.1203

Male 40 1.0267 (0.5447, 1.6562)

Female 10 0.2490 (0.1685, 1.5564)

Tumor Size (cm) 0.0135*

<5 15 1.5146 (0.9378, 2.9162)

25 35 0.7281 (0.2575, 1.5735)

Lymph Metastasis 0.2819

Absent 3 2.0518 (1.4144, 3.0137)

Present 47 0.8263 (0.3055, 1.5635)

TNM Stage 0.0664

1] 6 3.2522 (1.7643, 5.4497)

v 44 0.9983 (0.3566, 1.5999)
Chemotherapy <0.0001*
Response

Sensitive (CR+PR) 25 0.4387 (0.2387, 0.7747)

Resistant (SD+PD) 25 1.5936 (1.2840, 2.8661)

Notes: Expression levels are shown with median and quartile spacing. *p < 0.05.
Abbreviations: CR, complete response; PR, partial response; SD, stable disease;
PD, progressive disease.

Exogenous Overexpression and
Downregulation of miR-196a-5p in GC
Cell Lines

The aforementioned results suggested that the miR-196a-
5p expression level in MGC803/DDP cells was ~37.0-fold
lower than that of the MGC803 cell line; thus miR-196a-
5p was subsequently overexpressed in MGC803/DDP cells
and downregulated in MGC803 cells by transient transfec-
tion. The RT-qPCR results confirm that miR-196a-5p level
was significantly reduced in MGC803 cell transfected with
the inhibitor, compared with that in the control cells
(Figure 3A). By contrast, the miR-196a-5p levels in the
MGC803/DDP cell line were markedly increased by trans-
fection with an miR-196a-5p mimic, compared with the
control cells (Figure 3B), therefore confirming transfection
efficiency.

Downregulation of miR-196a-5p Renders
MGC803 Cells Resistance to DDP

To demonstrate the association between miR-196a-5p down-
regulation and DDP resistance in GC cell lines, MGC803
cells were transfected with either an miR-196a-5p inhibitor

or the associated negative control. The cells were then treated
with a range of DDP concentrations for 48 h, after
which viability was assessed (Figure 3C). miR-196a-5p-
knockdown in MGC803 cells resulted in an increased survi-
val rate, a higher DDP ICsy value and reduced rate of
apoptosis, compared with the control cells (Figure 3D).
Following treatment with 0.1 pg/mL DDP for 2 weeks,
reduced levels of miR-196a-5p were also associated with
increased proliferation and colony formation, (Figure 3E
and F). In addition, flow cytometric analysis revealed that
after treatment with 0.5 pg/mL DDP for 48 h, MGC803 cells
transfected with miR-196a-5p inhibitor exhibited decreased
apoptotic rate compared with the control cells (Figure 3G
and H). Therefore, miR-196a-5p-knockdown MGCB803 cells
exhibited greater DDP resistance, with a significant decrease
in cytotoxicity and apoptosis. The results suggest that down-
regulation of miR-196a-5p increases DDP resistance in
MGC803 cells.

Overexpression of miR-196a-5p
Sensitizes MGC803/DDP Cells to DDP

To demonstrate the association between DDP resistance and
miR-196a-5p overexpression, MGC803/DDP cells were
transfected with either an miR-196a-5p mimic or the corre-
sponding negative control. Cellular activity was detected
following treatment with various concentrations of DDP for
48 h (Figure 4A). MGC803/DDP cells transfected with the
miR-196a-5p mimic showed a marked decrease in survival
rate, a lower DDP ICsq value and higher rates of apoptosis,
compared with the control cells (Figure 4B). High levels of
miR-196a-5p were associated with decreased cell prolifera-
tion after 2 weeks of culture with 0.5 pg/mL DDP (Figure 4C
and D). Furthermore, MGC803/DDP cells transfected with
different levels of miR-196a-5p mimic exhibited increased
rates of apoptosis following culture with 2 pg/mL DDP for
48 h, compared with the control cells (Figure 4E and F).
Therefore, miR-196a-5p overexpression decreased DDP
resistance, with a prominent increase in cytotoxicity and
apoptosis. These results demonstrate that miR-196a-5p upre-
gulation decreases DDP resistance in the MGC803/DDP cell
line.

HOXBY7 Is a Target Gene for miR-196a-5p

miR-196a-5p has been shown to regulate DDP resistance
in breast cancer, at least in part by inhibiting HOXB7.'* To
further elucidate the underlying mechanisms of miR-196a-
Sp-associated GC cell apoptosis under DDP treatment,
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Figure 3 Exogenous downregulation of miR-196a-5p in MGC803 cell line after transient transfection. (A) The miR-196a-5p expression following transfected with the three different
concentrations of miR-196a-5p inhibitor, as compared with the miR-196a-5p inhibitor control, in MGCB803 cells was analyzed by RT-qPCR. (B) The relative miR-196a-5p expression after
transfected with miR-196a-5p mimic of three different concentrations, compared to the miR-196a-5p mimic control, in MGC803/DDP cell line was analyzed by RT-qPCR. (C and D)
MTTassay was utilized to examine cell activity (C) and these ICsg values (D) of MGCB803 cells following transfection with the three different concentrations of miR-196a-5p inhibitor, as
compared to the miR-196a-5p inhibitor control. (E and F) Colony formation assay was carried out for the assessment of the DDP resistance (E) and cell activity (F) in the MGC803 cells
following transfection with the three different concentrations of miR-96a-5p inhibitor, as compared to the miR- | 96a-5p inhibitor control. (G and H) Flow cytometry assay was utilized
to assess the DDP resistance (G) and the cell apoptosis rates (H) in MGC803 cell line following transfection with three different concentrations of miR- 196a-5p inhibitor, compared to

the miR-196a-5p inhibitor control. Each assay was conducted in triplicate. ***P < 0.0001, ***P < 0.001, *P < 0.05 and mean+SD were utilized to show the data.
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a bioinformatics screen was performed to identify the
downstream target gene of miR-196a-5p. Using
TargetScan, HOXB7 was predicted to bind miR-196a-5p
at a conserved putative site within the 3’-UTR (Figure 5A).

Furthermore, a dual-luciferase reporter assay was used
HOXB7 mRNA possessed
a functional binding site for miR-196a-5p. The luciferase
activity of MGC803 cells co-transfected with HOXB7-WT
and the miR-196a-5p mimic was markedly reduced com-
pared with that of GC cells transfected with the NC vector.
Co-transfection with HOXB7-MUT and the miR-196a-5p
mimic did not reduce luciferase activity significantly.

to determine whether

Moreover, the luciferase activity of the WT-group
(HOXB7-WT + miR-196a-5p mimic) was markedly
lower than that of the MUT-group (HOXB7-MUT +
miR-196a-5p mimic) (Figure 5B). These findings indicate
that miR-196a-5p indirectly regulates HOXB?7.

Western blot and RT-qPCR analysis revealed that miR-
196a-5p expression was greater in MGCS803 cells than in
MGCS803/DDP cells, while HOXB7 expression was rela-
tively high in MGC803/DDP cells (Figure 5C). Western
blotting revealed that HOXB7 was markedly upregulated
in MGC803/DDP compared with MGC803 cells (Figure
5D and E). Moreover, increased levels of HOXB7 protein
and mRNA were observed in MGCS803 cells transfected
with the miR-196a-5p inhibitor (Figure SF—H), yet were
decreased in MGC803/DDP cells following transfection
with the miR-196a-5p mimic (Figure 51-K).

In addition, employing the Kaplan—Meier Plotter con-
firmed that patients with high miR-196a-5p levels (n=107)
exhibited longer OS times over a 10-year period than those
with low miR-196a-5p levels. Kaplan—Meier analysis also
revealed that low HOXB7 expression levels were asso-
ciated with improved prognosis in patients with GC
(Figure 5L). In summary, these findings strongly suggest
that miR-196a-5p levels are inversely associated with
HOXB7 expression, and support the conclusion that
HOXB?7 is a target gene of miR-196a-5p.

miR-196a-5p Modulates DDP Resistance
via the miR196a-HOXB7-HER2 Pathway

In a previous study, tumor cells with high HER2 expres-
sion were shown to have higher RAS-MAPK and PI3K-
AKT signal transduction activities; reduced differentiation,
maturation and apoptosis; and increased proliferation and
malignant potential. In patients with breast cancer, the
miR196a-HOXB7-HER2 axis is also associated with

drug resistance.” Consistent with these findings, the pre-
sent study demonstrated that the protein and mRNA
expression levels of HER2 were lower in MGCS803 cells
than in MGC803/DDP cells (Figure 6A—C). Previous stu-
dies have shown that in esophageal squamous cell carci-
noma, reducing the expression level of apoptotic inhibitor
protein Bcl-2 reverses MDR during the treatment
process.*’ In addition, miR-634 heightened the response
of ovarian cancer DDP-resistant cells by negatively regu-
lating cell-cycle genes (CCND1).*® Therefore, in the pre-
sent study, Western blot and RT-qPCR analyses were used
to determine the expression levels of CCNDI1 and Bcl-2.
The protein and mRNA levels of CCND1 and Bcl-2 were
confirmed to be higher in MGC803/DDP cells than in
MGCS803 cells (Figure 6E-G and I-K).

To determine whether the activation of the miR196a-
HOXB7-HER?2 pathway could predict DDP resistance and
survival outcome in GC, HER2 expressions level in DDP-
treated patients (n=876) were detected using the Kaplan—
Meier Plotter. A significant correlation between poor OS
and high HER2 expression was observed (HR=1.41, log-
rank P=0.00011; Figure 6D); high expression levels of
Bcl-2 and CCND1 were also found to be prognostic indi-
cators of poor OS (Figure 6H and L). Collectively, these
results verify that the miR196a-HOXB7-HER?2 axis serves
a vital role in the progression and development of GC

chemotherapeutic resistance.

Psoralen Reverses DDP Resistance in GC
Cells

DDP can induce apoptosis in tumor cells by depleting their
antioxidant capacity; thus, it was speculated that psoralen
may enhance DDP-induced apoptosis and reduce drug resis-
tance. To test this hypothesis, MGC803 and MGC803/DDP
cells were treated with various concentrations of psoralen
(20, 10 and 5 pg/mL) for 4 weeks. MTT assays revealed that
psoralen inhibited the proliferation of MGC803 (Figure 7A
and B) and MGC803/DDP cells (Figure 8A and B) after
48 h of DDP treatment. Psoralen also reduced the colony
forming capacity of MGC803 (Figure 7C and D) and
MGCS803/DDP cells (Figure 8C and D) after DDP treatment
for 48 h. Additionally, flow cytometric analysis demon-
strated the apoptotic rate of the MGCS803 (Figure 7E
and F) and MGCS803/DDP cells (Figure 8E and F) was
significantly higher in the presence of psoralen than without

it. These results indicate that psoralen treatment decreases
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Figure 4 Exogenous overexpression of miR-196a-5p in MGC803/DDP cell line after transient transfection. (A and B) The cell activity (A) and the ICsq values (B) of
MGCB803/DDP cells after transfected with miR-196a-5p mimic of three different concentrations and the miR-196a-5p mimic control were calculated via MTT assay. (C and
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the proliferation and increases apoptosis in CG cells, thus
reversing DDP resistance.

Psoralen Reverses DDP Resistance in GC
Cell Lines by Activating the

miR196a-HOXB7-HER2 Pathway
The miR-196a-5p levels in MGC803 and MGC803/DDP
cells were markedly upregulated after 4 weeks of psoralen
treatment, when compared to the untreated controls
(Figure 9A and B). Therefore, psoralen treatment may be
a valid strategy for increasing the expression of miR-196a-
5p to reverse DDP resistance in human GC cells. Previous
research has shown that photo-activated psoralen can
influence the formation of interstrand DNA crosslinks by
binding to the HER?2 catalytic kinase domain, blocking the
HER2 pathway, and thus triggering cancer cell apoptosis.
This
mechanism for treating HER2-resistant breast cancers.*’
In the present study Western blot and RT-qPCR analyses
were conducted to determine the impact of psoralen on the

finding suggests an underlying HER2-targeted

expression levels of HER2 signaling pathway-associated
genes at the mRNA and protein levels, respectively.
Reduced HOXB7, HER2, CCND1 and Bcl-2 mRNA levels
were observed in psoralen-cultured MGC803 and MGC803/
DDP cells after 48 h of DDP treatment, compared with those
in psoralen-uncultured cells (Figure 9C-F). The same trend
was observed for HOXB7, HER2, Bcl-2 and CCNDI1 pro-
tein expression (Figure 10A—E). In summary, the expression
of HOXB7-HER?2 signaling pathway-associated genes at the
protein and mRNA levels was significantly affected by 4
weeks of psoralen treatment, suggesting that the psoralen-
induced reversal of DDP resistance is associated with the
miR196a-HOXB7-HER2 pathway.

Psoralen and DDP Combination
Treatment Improves Chemotherapeutic
Efficacy and Provides a Clinical
Application for Overcoming

Chemoresistance in GC Cells

To further understand the association between psoralen
and DDP during chemotherapy, the combined effects of
psoralen and DDP were investigated in GC cells. The
effect of psoralen and DDP was determined by MTT
assay and analyzed using CompuSyn software (http://
www.combosyn.com), which generates a combination

index (CI); the CI is a quantitative indicator of antagonism

and synergism in drug combinations, at multiple concen-
trations at 48 h.*® After treatment with psoralen, DDP or
a combination of both, the CI values of MGC803 (Figure
11A and B) and MGC803/DDP cells (Figure 11C and D)
were acquired. A quantitative standard of the extent of
drug interaction in light of antagonism (CI>1), additive
effect (CI=1) or synergism (CI<1) for a given end-point
was obtained.*” These assays showed that psoralen com-
bined with DDP improves the effect of chemotherapy in
both MGC803 and MGC803/DDP cells, compared with
psoralen or DDP treatment alone. Since low concentra-
tions of psoralen were less cytotoxic, concentrations of 5
and 10 pg/mL were selected to validate the combined
effect of the two drugs. Under treatment with DDP and
10 pg/mL psoralen, the ICso value of DDP was decreased
4.7-fold in MGC803 cells (Figure 11E and F) and 2.2-fold
in MGC803/DDP cells (Figure 11G and H), compared
with treatment with DDP alone. Notably, MTT results
revealed that psoralen increased DDP-induced cytotoxicity
and impaired DDP resistance in both MGC803 and
MGCS803/DDP cells. A colony formation assay confirmed
that psoralen combined with DDP decreased proliferation
of the two cell lines (Figure 12A-F), compared with
psoralen or DDP alone. It was therefore speculated that
the combination of psoralen and DDP may enhance DDP-
induced apoptosis and decrease drug resistance. Hence,
MGC803/DDP and MGC803 cells were treated with psor-
alen, DDP and the two drugs combined, followed by flow
cytometric apoptosis detection. Combination-treatment
exerted a synergism effect on apoptotic rate, compared
with psoralen or DDP treatment alone (Figure 13A-D).
These data indicate that psoralen increases the chemosen-
sitivity of MGCS803 cells to DDP, and reverses DDP resis-
tance in MGC803/DDP cells.

Discussion

Development of DDP resistance represents an obstacle for
GC treatment. At present, the involvement of non-coding
nucleic acids, such as miRNAs, in response to DDP treat-
ment is not well understood. miRNAs serve vital roles in
tumor progression and development, and their expression
may be associated with chemotherapeutic resistance in
tumor cells.’®>* The survival rates of GC cells were also
altered by miR-21 downregulation, which may increase
DDP sensitivity.”* What’s more, the PI3K/Akt/survivin
pathway was found to be regulated by miR-34a, which
DDP-induced  GC
Furthermore, the aberrant expression of miRNAs disrupts

influenced cell  apoptosis.”
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Figure 7 Cultured with psoralen can change the cisplatin resistance of the MGCB803 cells. (A and B) MTT assay was utilized to analyze cell activity (A) and the ICs, values
(B) to evaluate anti-proliferative effects of psoralen in MGC803 cells following cultured with psoralen of three different concentrations and the negative control. (C and D)
Colony formation assay was carried out to detect DDP resistance (C) and cell proliferation (D) in MGC803 cell line following cultured with the three different
concentrations of psoralen and the negative control. (E and F) Flow cytometry assay was utilized to assess the DDP resistance (E) and the cell apoptosis rates (F) in
the MGC803 cells following cultured with the three different concentrations of psoralen and the negative control. Each assay was conducted in triplicate. ****P < 0.0001,
P < 0.001, ¥*P < 0.01, *P < 0.05 and mean+SD were utilized to show the data.
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Figure 8 Cultured with psoralen can change the cisplatin resistance of the MGC803/DDP cells. (A and B) MTT assay was carried out to check cell activity (A) and the ICs,
values (B) to evaluate these anti-proliferative effects of psoralen in MGC803/DDP cells following cultured with psoralen of three different concentrations and the negative
control. (C and D) Colony formation assay was utilized to evaluate the DDP resistance (C) and the cell proliferation ability (D) in the MGC803/DDP cells following cultured
with the three different concentrations of psoralen and the negative control. (E and F) Flow cytometry assay was utilized to assess the DDP resistance (E) and the cell
apoptosis rates (F) in the MGC803/DDP cells following cultured with the three different concentrations of psoralen and the negative control. Each assay was conducted in
triplicate. ****P < 0.0001, ***P < 0.001, **P < 0.0] and meanSD were utilized to show the data.
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Figure 9 Psoralen could reverse cisplatin resistance of GC cells via activating the miR196a-HOXB7-HER2 Pathway. (A and B) Using RT-qPCR, the miR-196a-5p relative
expression levels after cultured with the three various concentrations of psoralen, compared to the negative control, in MGC803 cell line (A) and MGC803/DDP cell line
(B) were analyzed. (C~F) The relative expression of HOXB7 (C), HER2 (D), Bcl-2 (E) and CCNDI (F) in MGC803 cell line and MGC803/DDP cell line following cultured
with psoralen, as compared with the negative control, was analyzed by RT-qPCR. Each assay was conducted in triplicate. ****P < 0.0001, ***P < 0.001, **P < 0.0l and mean
+SD were utilized to show the data.
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Figure 10 Psoralen could reverse cisplatin resistance of GC cells via activating the miR196a-HOXB7-HER2 Pathway. (A) Western blot results of HOXB7, HER2, Bcl-2 and
CyclinDI protein levels between MGC803 cells and MGC803/DDP cells following cultured with psoralen and the negative control. (B=E) The relative expression of HOXB7
(B), HER2 (C), Bcl-2 (D) and CyclinD1 (E) protein between MGC803 cells and MGC803/DDP cells following cultured with psoralen and the negative control was measured
by WB. The beta-actin antibody was utilized for internal reference. Each assay was conducted in triplicate. ****P < 0.0001, ***P < 0.00| and mean+SD were utilized to show

the data.
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Figure 11 Psoralen combined with DDP improves the effect of chemotherapy and provides a clinical application for gastric cancer resistance to chemotherapy. (A) Cell
activity was detected via MTT assay by dose-effect curve to investigate the ability of psoralen combined with DDP to affect the chemotherapy in MGC803 cells using the
CompuSyn software. (B) Using MTT assay, the combination index plots of MGCB803 cells following psoralen combined with DDP were calculated. (C) Cell activity was
examined via MTT assay by dose-effect curve to investigate the ability of psoralen combined with DDP to affect the chemotherapy in MGC803/DDP cells using the
CompuSyn software. (D) Using MTT assay, the combination index plots of MGC803/DDP cells following psoralen combined with DDP were calculated. (E and F) Cell
activity (E) and the ICs, values (F) were examined to evaluate the combined effects of DDP and |0ug/mL psoralen via MTT assay in MGC803 cells. (G and H) The cell
viability (G) and the ICs values (H) of MGC803/DDP cell line following DDP alone and DDP combined with |0ug/mL psoralen were calculated by MTT assay. Each assay was
conducted in triplicate. ****P < 0.0001 and mean+SD were utilized to show the data.
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Figure 12 Psoralen combined with DDP improves the effect of chemotherapy and provides a clinical application for gastric cancer resistance to chemotherapy. (A) The combination effects
of two different concentration of DDP or psoralen alone and DDP combined with psoralen was evaluated by colony formation assay in MGC803 cells. (B) Cell proliferation ability using the
relative colony forming efficiency was analyzed by colony formation assay in MGCB803 cells following two different concentration combination of DDP or psoralen alone and DDP combined
with psoralen. (C) Cell proliferation ability using the apoptosis ratio of relative colony forming efficiency was inspected by colony formation assay in MGC803 cell-line following two different
concentration combination of DDP or psoralen alone and DDP combined with psoralen. (D) The combination effects of two different concentration of DDP or psoralen alone and DDP
combined with psoralen in MGC803/DDP cells was checked via colony formation assay. (E) Cell proliferation ability using the relative colony forming efficiency was inspected by colony
formation assay in MGC803/DDP cells following two different concentration combination of DDP or psoralen alone and DDP combined with psoralen. (F) Cell proliferation ability using the
apoptosis ratio of relative colony forming efficiency was checked by colony formation assay in MGC803/DDP cells following two different concentration combination of DDP or psoralen
alone and DDP combined by psoralen. Each assay was conducted in triplicate. **P < 0.0001, **P < 0.01, *P < 0.05 and meanzSD were utilized to show the data.
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Figure 13 Psoralen combined with DDP improves the effect of chemotherapy and provides a clinical application for gastric cancer resistance to chemotherapy. (A) Flow
cytometry assay was performed to analyze MGCB803 cell line following treated with psoralen (10ug/mL), DDP (0.2ug/mL) and the drug combination to detect the effect of
apoptosis. (B) Cell apoptosis rates were evaluated using flow cytometry assay in MGCB803 cell line following treated with psoralen (10ug/mL), DDP (0.2pg/mL) and the drug
combination. (C) Flow cytometry assay was utilized to assess the MGC803/DDP cells treated with psoralen (10ug/mL), DDP (10ug/mL) and the drug combination for
apoptosis detection. (D) Flow cytometry assay was utilized to assess cell apoptosis in the MGC803 cells treated with psoralen (10ug/mL), DDP (10pg/mL) and the drug
combination. (E) Working model of psoralen functions and schematic of the miR196a-HOXB7-HER?2 signaling axis in GC chemoresistance. The green “+” and red “-”
represent positive and negative effects, respectively. Each assay was conducted in triplicate. ***P < 0.0001, **P < 0.001, **P < 0.01, *P < 0.05 and mean+SD were utilized to
show the data.
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the regulation of RNA networks in various cancer cell
types, and thereby contributes to the pathogenesis of
human cancer.’®’

The present study illustrated that miR-196a-5p expres-
sion was reduced in DDP-resistant GC cells and the serum
of patients with DDP-resistant GC, and that a low miR-
196a-5p level was associated with more malignant clinical
parameters and poor prognosis. A recently published
review indicated that miR-196a-5p may serve as both
a tumor suppressor and an oncomiR.’® Moreover, the
relationship between tumor size and low miR-196a-5p
expression in the present study revealed that miR-196a-
Sp may serve a vital role in tumor cell proliferation. The
present study also indicated that miR-196a-5p downregu-
lation increases cell viability and colony forming effi-
ciency, and inhibits apoptosis. Previous studies have
found that in breast cancer, the upregulation of miR-
196a-5p accelerates tumor growth and metastasis by tar-
geting sprouty-related, EVH1 domain-containing protein
1°° In human liver cancer, inhibiting miR-196a-5p
reduces cellular invasion and proliferation by targeting
forkhead box protein O1.°° These observations verify
that miR-196a-5p exerts an oncogenic effect in various
tumors. The results of the present study indicate that
miR-196a-5p has an AUC of 0.8552 (Figure 2D), indicat-
ing its potential as a non-invasive biomarker for screening
and diagnosing GC. Tumor density measurement was
a reliable indicator in addition to tumor size alone, as it
provided an objective method to quantitatively reflect the
tumor response to chemotherapy.**+®!

In breast cancer cells, abnormal regulation of HOXB7
was shown to influence the incidence of malignances, and
epidermal growth factor receptor (EGFR) pathway
mediated HOXB7-induced apoptosis. The outcome of cel-
lular transition depends on HOXB7, which hinders tumor
development and progression in breast cancer by regulat-
ing the HER2 pathway.'® HOXB7 expression is also regu-
lated by miRNAs; miR-196a-5p mediates the early stages
of melanoma progression by targeting HOXB7.%% In the
present study, HOXB7 was predicted as a target gene of
miR-196a-5p. Li et al also used TargetScan to predict the
downstream targets of miR-196a-5p, and found that these
did not include HOXB7.% The reason for this discrepancy
may be the regular updates to the TargetScan database,
which to the best of our knowledge, was last updated in
June 2016. In the present study, both HOXB7 mRNA and
protein levels were shown to be upregulated in DDP-
resistant GC cells. HOXB7 upregulation was significantly

associated with shorter survival times in patients with GC.
Hence, HOXB7 may be a vital prognostic marker for
patients with GC.

The results of the present study indicate a crucial role
for HOXB7 in DDP resistance, and that among the
upstream regulators of miR-196a-5p, new potential thera-
peutic targets may be identified. Previous observations
indicate that ER target genes are downregulated and upre-
gulated in conjunction with HOXB7 depletion and over-
expression, respectively, confirming that HOXB7 serves as
an ER cofactor via activation of the ER pathway.'® The
present study identified miR-196a-5p as a potential nega-
tive regulator of HOXB7, which binds to the 3'-UTR,
leading to downregulated HOXB7 expression.

In the present study, miR-196a-5p overexpression in
MGC803/DDP cells reduced the protein expression levels
of HER2 and HOXB7. miR-196a-5p downregulation also
increased DDP resistance in GC, and the miR196a-
HOXB7-HER2 association repressed GC progression by
forming a positive feedback loop. Receptor tyrosine-
protein kinase erbB-2 is a member of the EGFR family,
which was thought to enhance the proliferation rates of
tumor cells.” Since the upregulation of miR-196a-5p in
MGCS803/DDP human GC cells reduces the protein and
mRNA expression levels of HER2 and HOXB7, it is
proposed that miR-196a-5p overexpression may reduce
DDP resistance in GC cells via the HOXB7/HER2 path-
way, and that miR-196a-5p regulation combined with DDP
administration may effectively treat patients with DDP-
resistant GC.

Existing literature indicates that natural compounds or
herbal medicines may be feasible alternatives to potent

chemo-preventive drugs.**®

The present study also
assessed whether psoralen could reverse DDP resistance
via activation of the miR196a-HOXB7-HER2 signaling
pathway. Psoralen was found to significantly reduce
HER2-mediated DDP resistance in MGC803/DDP cells,
and reversed DDP resistance by antagonizing HER2 func-
tion. Therefore, psoralen may enhance the efficacy of
chemotherapy and minimize HER2-mediated DDP
resistance.

The findings of the current study indicate two potential
therapeutic regimens for overcoming DDP resistance:
Firstly, the use of psoralen to modulate miR-196a-5p
expression, and the downregulation of HER2 activity via
a HER?2 inhibitor. Whether other HER?2 inhibitors combined
with DDP could exert similar results in DDP-resistant GC is

worthy of further study. Secondly, exogenous miR-196a-5p
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expression may inhibit HOXB7 expression. Recent research
has illustrated that mature miRNA can effectively silence
target gene expression.®® Therefore, a confirmed selective
miR-196a-5p response modifier may present a feasible and
attractive therapeutic option.

Conclusion

In conclusion, the present study identified miR-196a-5p as an
important miRNA involved in the DDP resistance of GC
cells. miR-196a-5p shows potential as a serum-based bio-
marker to predict the therapeutic efficacy of DDP in patients
with GC. Furthermore, since overexpression of miR-196a-5p
upregulates the sensitivity of DDP-resistant cells, DDP
administration combined miR-196a-5p overexpression may
be a promising future therapeutic option for patients with
DDP-resistant GC. Finally, psoralen can increase chemother-
apeutic sensitivity by upregulating miR-196a-5p and then
downregulating HOXB7-HER2 signaling axis (Figure
13E). Thus, the use of psoralen to increase chemotherapeutic
efficacy, as well as the targeting of the miR196a-HOXB7-
HER?2 signaling pathway, warrants further investigation for
the treatment of DDP-resistant GC.
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