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Purpose: Cisplatin (DDP) based chemotherapy regimens are widely used in advanced
gastric cancer (GC). Drug resistance often limited the clinical benefits of cisplatin regimen.
The mechanisms of cisplatin resistance have not been fully revealed. Therefore, further
exploration of the relevant molecular mechanisms is urgently needed.

Patients and methods: DDP resistance associated miRNA of GC microarray dataset
GSE86195 was obtained from the National Center for Biotechnology Information (NCBI)
GEO database, GEO2R was applied to compare the samples in two different groups under the
same experimental conditions. [log,(Fold Change) | (logy(FC)) was selected as the criteria to
screen the statistically significant DE-miRNAs. StarBaseV3.0 was used to predict the target
genes of the DE-miRNAs. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway analyses of target genes of DE-miRNAs were carried out using
DAVID. The STRING database was applied to estimate the correlations between target genes.
Analysis of hubgenes by coremine and The Human Protein Atlas (THPA). Initial expression
validations of miR-424 and miR-491-5p, SMURF1 and BCL2L1 were carried out using clinical
pathological specimens by RT-PCR.

Results: A total of 13 Differential expression-miRNAs (DE-miRNAs) were identified in
DDP chemoresistant cells, including 9 upregulated miRNAs and 4 downregulated miRNAs.
SMURF1 and BCL2L1 were screened as the critical genes in DDP-resistant GC, which were
regulated by miR-424 and miR-491-5p respectively. The results of validation of hub genes
expression in GC tissues indicated that in DFS<I-year group, the expression of miR-424
decreased significantly, notably upregulated expression of SMURF1 was also detected.
Conclusion: Our results implied that miR-424, as a tumor suppressor, could deregulate
SMUREF1 in DDP-resistant GC cells.
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Introduction

Gastric cancer (GC) is the fifth commonest cancer worldwide and the third com-
monest cause of cancer-related death.' Although the treatment modalities of GC
have gradually improved in the past few decades, the cure rate is still unsatisfactory,
leading to more effective treatments remain a major clinical challenge. At the
present time, chemotherapy plays an important role in the comprehensive treatment
of GC.? Platinum-based chemotherapy is one of the prominent chemotherapies for
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advanced GC.>” However, due to the often-emerging
occurrence of drug resistance, the clinical applications of
cisplatin (DDP)-based chemotherapy drugs have been
limited,*” which is one of the leading causes of death in
GC patients.” Thus, reversing drug resistance of DDP
offers potential for dramatic improvement of chemother-
apy efficacy, as well as the prognosis of patients.”
However, mechanisms of DDP resistance are extremely
complicated and have not yet been clearly established.
Therefore, it is imperative to explore the relevant molecu-
lar biomarkers and mechanisms at the current stage.
MicroRNAs (miRNAs) are small, non-coding RNAs
ranging in length from 21 to 23 nucleotides, which can
act as post-transcriptional regulators to regulate down-
stream gene expression.'® Mature miRNAs can inhibit
target protein expression by binding to the 3'-untranslated
region of the target gene mRNA in the cytoplasm.
Aberrant miRNAs have been confirmed to regulate the
biological roles of various cancers’ occurrence and
progression'''7 Some studies suggested that several dys-
regulated miRNAs in GC involved in many biological

processes,lg*2

% including cell proliferation, invasion and
metastasis.

However, the exact function of miRNAs in DDP
resistance has not been thoroughly studied yet, com-
prehensive analysis of miRNA expression profile
between DDP resistance and DDP

required. Microarray and next-generation sequence

sensitive GC is

data screened from high-throughput platforms may pro-
vide a wealth of useful information after bioinformatics
analysis, which provides a promising opportunity to
clarify the mechanism of cancer progression and its
regulatory network.

Recently, in-depth bioinformatics analysis of inte-
grated microarray data from shared public data platforms
(for example GEO database) has been a hotspot of
research, which has stimulated the development of biolo-
gical interpretation. With the gradual accumulation of
available biomedical data, biology computational tech-
nology has rapidly promoted the development of preci-
this key miRNAs in
DDP-resistant GC were screened by using a range of

sion medicine. In study,
bioinformatics techniques and explored their regulatory
networks and underlying molecular mechanisms. On this
basis, initial expression validations were carried out
using clinical pathological specimens from Tianjin
Medical University General Hospital.

Materials and methods

miRNA microarray

GC microarray dataset GSE86195 was obtained from the
National Center for Biotechnology Information (NCBI)
GEO database (http://www.ncbi.nlm.nih.gov/geo) to iden-
tify DDP resistance associated miRNAs. GSE86195 data-
set was based on Affymetrix GeneChip miRNA 2.0 Array
platform (CapitalBio Corporation, Beijing, China).
Specifically, GSE86195 dataset included miRNA expres-
sion profiles of two cisplatin resistant GC cell lines BGC-
823/DDP and SGC-7901/DDP and their sensitive parental
cell lines, respectively. BGC-823/DDP and SGC-7901/
DDP cells were produced from parental BGC-823 and
SGC-7901 cells described as Yajie.”!

Screening for differentially expressed-
miRNAs (de-miRNAs)

In the present study, GEO2R (www.ncbi.nlm.nih.gov/
geo/geo2r/), an interactive web tool was applied to com-
pare the samples in two different groups under the same
experimental conditions,”> and identify genes that are
differentially expressed across experimental conditions. |
log>(Fold Change)| (Jlog,(FC)|) was selected as the cri-
teria to screen the statistically significant differentially
expressed-miRNAs (DE-miRNAs).** Only miRNA with
[logo(FC)| >1.5 and P-value <0.05 were identified as
statistically DE-miRNAs. Additionally, the selected DE-
miRNAs were divided into up-regulated and down-regu-
lated groups. The heat map of DE-miRNAs was con-

structed using Heml.??

Target genes prediction of DE-miRNAs
The StarBaseV3.0 database predicted potential miRNA-
target genes by collecting information from 7 existing
prediction software (PITA, RNA22, miRmap, microT,
miRanda, PicTar, TargetScan).”* In the present study,
StarBaseV3.0 was used to predict the target genes of the
DE-miRNAs. The common genes can be identified as a
downstream target gene of DE-miRNA, only the genes
were predicted by at least 5 softwares.

Functional and pathway enrichment

analyses

DAVID (http://david.abcc.nciferf.gov/) is an online data-
base for annotation, visualization and integrated discovery.
Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway analyses of target genes of
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DE-miRNAs were carried out using DAVID (version 6.8).
GO analysis is widely used for a short list of genes with
significant expression differences, which included three
categories: biological process (BP), molecular function
(MF) and cellular component (CC).>> While KEGG is a
knowledge base for the systematic study of gene
functions.”® P<0.05 was set as the threshold.

Protein-protein interaction (PPIl) network
and DE-miRNA target genes network

construction
The STRING database

applied to estimate the correlations between target

(http://string-db.org) was

genes,”’ the combined score >0.9 were considered to
have significant interactions. The important gene mod-
ules and key genes can be identified through PPI net-
work analysis, Cytoscape (http://www.cytoscape.org/),
as a network visualization tool was utilized to draw the
network diagram.?® In order to identify the most valu-
able module, the network complex was further ana-
lyzed by MCODE package of Cytoscape. A plugin of
Cytoscape, CytoHubba was used to rank nodes by their
network features and select the top 10 genes from
maximal clique centrality (MCC) as the hubgenes.29

Analysis of hubgenes by coremine
Annotation of biological processes involving hubgenes
was performed by consulting the Coremine Medical online
database, (www.coremine.com/medical/), the hubgenes
included in the intersection of “stomach neoplasm” and
“drug resistance” were analyzed successively.

Immunohistochemistry and prognostic

analysis using the human protein atlas
(THPA)

The images of Immunohistochemistry were obtained from the
THPA (www.proteinatlas.org/), a publicly available database
includes >5 million images of immunohistochemically stained
tissues and cells.’® Data regarding the expression levels of
LMO7, SMURF1, STAT3, BCL2L1 in gastric cancer tissues
were obtained from THPA. In the meantime, the prognosis of
high-expression and low-expression patients of the above
genes was examined by Kaplan-Meier survival estimators,
and the survival results of the two groups were compared by
log-rank tests.

Expression validation by quantitative
reverse transcription-polymerase chain

reaction

The patients’ information who received RO decision and
standard postoperative adjuvant chemotherapy in the
department of general surgery of Tianjin medical univer-
sity general hospital since 2016/1 to 2018/12 was col-
lected. This study was approved by the medical ethics
committee of Tianjin medical university general hospital
and consent form was completed before starting the study.
And the patients were divided into two groups according
to DFS>1 year and DFS<1 year. Ten patients were selected
randomly in each group. TRIzol reagent (Invitrogen) was
utilized to extract total RNA from gastric cancer tissues in
accordance with the manufacturer’s procedure, and then
the total RNA (500ng) was
Subsequently, we performed real-time PCR (RT-PCR) on
applied biosystems 7900HT instrument. U6 (small nuclear
RNA) for miRNA or GAPDH for mRNA were applied to
normalize the result. All reactions were repeated 3

reverse transcribed.

times and relative gene expressions were evaluated by
the 2-AACt method. Primer sequences were as follows:
SMURF1: 5-CTGGATGCTTTTGGTCTGGT-3'(F);5'-CC
TGATAGACGCGAACACAG-3'(R). BCL2L1:5-GGAC
AGCATATCAGAGCTTTGAACA-3'(F),5'-TTGTCTACG
CTTTCCACGCA-3' (R); miR-424-5p: 5'-CCAGCAGT
TCAAAAC ATGAATTG-3'(F), 5-TATGGTTGTTCTC
GACTCCTTGAC-3'(R); miR-491-5p: 5'-ACACTCCAGC
TGGGAGTGGGGAACCCTTC-3'(F)5'-CTCAACTGGT

GTCGTGGAGTCGGCAATTC AGTTGAGCCTCATG-
3'(R)

Statistical analysis

SPSS software (version 17.0; SPSS, Chicago, IL, USA)
was applied to statistical analysis. Differences between the
two groups were assessed by Student’s z-test. Pearson
correlation analysis was performed to explore the relation-
ship between miRNA and target genes in clinicopathologic
specimen. P<0.05 was considered statistically significant.

Results

Microarray data

The miRNA expression profiles of GSE86195 were down-
loaded from GEO. The platform for GSE86195 was
GPL14613 [miRNA-2] Affymetrix Multispecies miRNA-
2 Array. GSE86195 included 2 kinds of GC cell lines,
SGC7901 and BGC-823. The miRNA differences between
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Cisplatin (DDP)-sensitive cell lines and DDP-resistant cell
lines were detected using the following datasets:
GSM2297586 SGC-7901, parent; GSM2297587 SGC-
7901/DDP, resistance; GSM2297588 BGC-823, parent;
GSM2297589 BGC-823/DDP, resistance. The homogene-
ity of each datasets was evaluated by GEO2R, which
indicated that all datasets had a satisfied homogeneity
(Figure 1A). Data abundance and differences among data-
sets were displayed by heat map with 1681 upregulated
miRNAs and 1756 downregulated miRNAs (Figure 1B).

Identification of DE-miRNAs and their

target genes
Relying on the criteria of |log>(FC)[>1.5 and P<0.05, a total of
13 DE-miRNAs were identified, including 9 upregulated
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miRNAs (hsa-miR-99a, hsa-miR-744, hsa-miR-505-star,
hsa-miR-491-5p, hsa-miR-455-3p, hsa-miR-346, hsa-miR-
345, hsa-miR-1301, hsa-miR-125b-2-star) and 4 downregu-
lated miRNAs (hsa-miR-424-star, hsa-miR-181a-5p, hsa-
miR-503, hsa-miR-181a-2-star) (Figure 2) in DDP chemore-
sistant cells, compared to DDP chemosensitive cells.
StarBaseV3.0 was applied to predict the target genes of each
DE-miRNAs, the results indicated that 1,159 potential target
genes were generated, including 945 genes for downregulated
miRNAs and 214 genes for upregulated miRNAs.

Functional and pathway enrichment

analyses
We performed GO functional and KEGG pathway enrichment
analyses on the target genes generated previously. We
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Figure | The miRNA expression profiles of GSE86195. (A) GEO2R was applied to evaluate the homogeneity of each datasets. (B) the heat map of all miRNAs in

GSE86195.
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Figure 2 DE-miRNA expression analysis by Volcano Plot and heat map. (A) the volcano plot of all miRNAs in GSE86195, red color represented P<0.05, blue color

represented P20.05. (B) the heat map of DE-miRNAs in GSE86195.

performed the GO analysis at the following three different GO
levels: biological process (BP) category; cell component (CC)
category; and Molecular function(MF) category. The top 10
items that were significantly enriched by the target genes of
downregulated miRNAs group at each of the above GO levels
and KEGG pathway were outlined in Figure 3A, B.
Intriguingly, ubiquitination activity was significantly upregu-
lated in SGC-7901/DDP. In the BP category, the target genes
were enriched in GO:0000209~protein polyubiquitination,
GO0:0042787~protein ubiquitination involved in ubiquitin-
dependent protein catabolic process. In the CC category, the

target genes were mainly enriched in the nucleus. In the MF
category, the target genes were mainly enriched in
GO:0061630~ubiquitin protein ligase activity, GO:0004
842~ubiquitin-protein transferase activity. The above results
indicated that ubiquitination activity might play an important
role in the process of DDP drug resistance (Table 1). Then, GO
and KEGG enrichment analyses were also performed on the
target genes of upregulated miRNAs. The results were shown
in Figure 3C and Table 2. In the BP category, the target genes
were mainly enriched in negative regulation of transcription
from RNA polymerase II promoter, positive regulation of
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Figure 3 GO and KEGG pathway annotation of the predicted target genes from the DE-miRNA. (A) Gene ontology (GO) enrichment of the target genes from the
downregulated DE-miRNAs, including Biological function (BF) enrichment, Cellular component (CC) enrichment and Molecular Function (MF) enrichment. (B) Kyoto
Encyclopedia of Genes and Genomes (KEGG) analysis of target genes from the downregulated DE-miRNAs. (C) GO and KEGG enrichment of the target genes from the
upregulated DEmiRNAs, including BF enrichment, CC enrichment and MF enrichment.
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Table | Enriched functions for the target genes of the downregulated miRNAs

Terms Count P-value
Biological process (BP)
GO:0007049~cell cycle 32 1.33E-07
GO:0045893~positive regulation of transcription, DNA-templated 55 2.23E-07
GO:0000122~negative regulation of transcription from RNA polymerase |l promoter 69 3.35E-07
GO:0000209~protein polyubiquitination 28 4.95E-07
GO:0006468~protein phosphorylation 47 5.05E-06
GO:0045944~positive regulation of transcription from RNA polymerase |l promoter 82 5.62E-06
GO:0051301~cell division 39 6.26E-06
GO:0042787~protein ubiquitination involved in ubiquitin-dependent protein catabolic process 23 7.78E-06
GO:000635 | ~transcription, DNA-templated 139 1.50E-05
GO:0030879~mammary gland development 8 4.83E-05
Cellular component (CC)
GO:0005829~cytosol 24| 3.09E-12
GO:0005737~cytoplasm 341 1.53E-11
GO:0005654~nucleoplasm 204 1.61E-10
GO:0005634~nucleus 337 9.46E-09
GO:0005874~microtubule 33 4.18E-05
GO:0035098~ESC/E (Z) complex 7 6.33E-05
GO:004847 | ~perinuclear region of cytoplasm 53 6.82E-05
GO:004323 | ~intracellular membrane-bounded organelle 48 1.32E-04
GO:0030496~midbody 18 1.46E-04
GO:0005794~Golgi apparatus 66 2.07E-04
Molecular function (MF)
GO:00055 | 5~protein binding 558 4.40E-18
GO:0061630~ubiquitin protein ligase activity 33 8.23E-10
GO:0019901~protein kinase binding 39 2.81E-05
GO:0004842~ubiquitin-protein transferase activity 34 1.07E-04
GO:0044822~poly (A) RNA binding 84 2.09E-04
G0O:0008270~zinc ion binding 86 2.56E-04
GO:0016874~ligase activity 28 4.63E-04
GO:0004672~protein kinase activity 34 5.33E-04
GO:0008536~Ran GTPase binding 8 5.52E-04
GO:0004674~protein serine/threonine kinase activity 35 5.92E-04
KEGG_PATHWAY
hsa04722: Neurotrophin signaling pathway 22 1.53E-07
hsa04151: PI3K-Akt signaling pathway 39 7.09E-07
hsa04068: FoxO signaling pathway 22 1.04E-06
hsa04510: Focal adhesion 28 1.18E-06
hsa04914: Progesterone-mediated oocyte maturation 17 2.42E-06
hsa04910: Insulin signaling pathway 21 6.52E-06
hsa0521 |: Renal cell carcinoma 14 8.29E-06
hsa04070: Phosphatidylinositol signaling system 17 1.20E-05

transcription, DNA-templated. In the CC category, the target
genes were mainly enriched in the nucleus. In the MF category,
the target genes were mainly enriched in protein binding.
Enriched KEGG pathways for target genes of upregulated
DE-miRNA included microRNAs in cancer.

PPl and mirRNA-target network analysis

In order to forecast protein interactions, the target genes in
top 10 of each GO levels and KEGG analysis were merged
respectively. The results revealed that 779 target genes in
downregulated miRNAs and 214 target genes in upregulated
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Table 2 Enriched functions for the target genes of the upregulated miRNAs

Terms Count P-Value

Biological process (BP)
GO:0000122~negative regulation of transcription from RNA polymerase |l promoter 20 3.13E-04
GO:0043966~histone H3 acetylation 5 0.001185
GO:0045732~positive regulation of protein catabolic process 0.004059
GO:0045944~positive regulation of transcription from RNA polymerase Il promoter 21 0.004878
GO:2,000,637~positive regulation of gene silencing by miRNA 0.004965
GO:0046902~regulation of mitochondrial membrane permeability 3 0.004965
GO:000635 | ~transcription, DNA-templated 34 0.00638
GO:0035278~miRNA mediated inhibition of translation 3 0.007179
GO:0060707~trophoblast giant cell differentiation 3 0.007179
GO:000979 | ~post-embryonic development 5 0.008128

Cellular component (CC)
GO:0030133~transport vesicle 7 4.03E-04
GO:0005634~nucleus 76 8.63E-04
GO:0005794~Golgi apparatus 20 0.001193
GO:0030173~integral component of Golgi membrane 5 0.00279
GO:000574 | ~mitochondrial outer membrane 0.004076
GO:0005654~nucleoplasm 42 0.007228

Molecular function (MF)
GO:0003725~double-stranded RNA binding 6 4.66E-04
GO:00055 | 5~protein binding 16 6.09E-04
GO:0003700~transcription factor activity, sequence-specific DNA binding 22 0.001318
GO:0035197~siRNA binding 3 0.003002
GO:0046872~metal ion binding 35 0.005995

KEGG_PATHWAY
hsa05206: microRNAs in cancer 10 0.001587

miRNAs were screened, which were submitted to the Search
Tool for the Retrieval of Interacting Gene (STRING) data-
base. The PPI network of downregulated miRNAs group
consisted of 777 nodes and 1,372 edges, while the PPI net-
work of upregulated miRNAs group consisted of 202 nodes
and 63 edges. Meanwhile, the network complex was further
analyzed, and the most significant module was screened out
using MCODE package of Cytoscape (Figure 4). We
screened out the top 10 target genes with higher MCC
score as the hubgenes ultimately. The hubgenes were listed
as follows: downregulated miRNAs group CDC27, CDC23,
KLHL2, RNF213, SMURF1, SMURF2, UBE4A, LMO7,
WSB1 and RNF6; upregulated miRNAs group MYLIP,
UBE2R2, UBE2G1, ASB13, KBTBDS, SOCS3, FBXW4,
TRIM71, STAT3 and BCL2L1.

As shown in Figure 5, the miRNA-hubgenes network
was constructed by cytoscape. The hubgenes of the down-
regulated miRNAs could be potentially regulated by hsa-
miR-424 (CDC27, CDC23, RNF213, SMURF1, SMURF2,
UBE4A, LMO7, WSBI1) and hsa-miR-181a-5p (KLHL2,

RNF6). The hub target genes of the upregulated miRNAs
could be potentially regulated by hsa-miR-99a(KBTBDS),
hsa-miR-491-5p (ASB13, BCL2L1), hsa-miR-455-5p
(MYLIP, SOCS3) and hsa-miR-125b-2-star (UBE2R2,
UBE2G1, FBXW4, TRIM71, STAT3, BCL2L1).
Annotation of biological processes involving hubgenes
were performed by consulting the Coremine Medical online
database. In the downregulated miRNAs group, 5 hubgenes
were related to stomach neoplasms including CDC27,
LMO7, KLHL2, RNF6 and SMURF1, while 5 hubgenes
were related to drug resistance including LMO7, SMURF?2,
RNF213, SMURF1, WSBI. LMO7 and
SMURF1 were treated as the target genes related to stomach

Therefore,

neoplasms drug resistance (Figure 6 A and C). In upregulated
miRNAs group, 5 hubgenes were related to stomach neo-
plasms including BCL2L1, MYLIP, STAT3, UBE2G1 and
SOCS3, while 2 hubgenes were related to drug resistance
including BCL2L1 and STAT3. Therefore, BCL2L1 and
STAT3 were treated as the other two target genes related to
stomach neoplasms drug resistance (Figure 6 B and D).
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Validation of hub genes expression and an unfavorable prognosis in comparison with low expres-
prognostic ana|yses b)’ THPA sion group (P=0.0058). Low expression of BCL2L1 con-
We continued to examine the protein expression of hub tributed to poor prognosis remarkably in comparison with
genes in GC tissues, in the meantime, prognostic analyses high expression group (P=0.0014). While no significance
were extracted from THPA. The results revealed that, in ~ was observed between high and low expression groups of
GC patients, high expression of SMURF1 contributed to LMO7 and STAT3. Therefore, we chose SMURF1 and
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Figure 6 Annotation of biological processes involving hubgenes by Coremine. (A) Annotation of biological processes of hubgenes in downregulted DE-miRNA group by the
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both associated with stomach neoplasms and drug resistance by Venny.
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BCL2L1 as the critical genes in DDP resistant GC. Based
on the mircoRNA-target hubgenes network analysis,
SMURF1 and BCL2L1 were regulated by miR-424 and
miR-491-5p respectively. (Figure 7).

Validation of hub genes expression in GC

tissues by RT-PCR

The expression of miR-424, miR-491, SMURF! and
BCL2L1 in GC tissues of our department were evaluated
by RT-PCR. The results indicated that in DFS<I-year
group, the expression of miR-424 decreased significantly
(P<0.001) (Figure 8A), in the meantime, notably upregu-
lated expression of miR-491 (P<0.001) (Figure 8D) and
SMURF1 (P=0.006) (Figure 8B) was also detected. While,
no significant difference of BCL2L1 expression could be
found between DFS<I-year group and DFS>1-year group
(Figure 8E). Relying on the above results, miR-424 and
SMURF1 exhibited a significant negative linear correla-
tion relationship (Figure 8C), while no significant linear
correlation relationship was founded between miR-491
and BCL2L1(Figure 8F).

Discussion

DDP is widely used in the treatment of a variety of solid
tumors.>' However, repeated long-term clinical exposure
to DDP typically results in tumor cells escaping the DDP-
induced apoptosis program. Therefore, it is important to
clarify the molecular mechanism of cisplatin resistance in
reversing drug resistance in cancer therapy. Up to now, lots
of studies have confirmed the association of miRNA

-,
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expression profiles with the gastric carcinogenesis. These
studies have reported miRNA function and confirmed the
miRNA value as a diagnostic marker and prognostic
analysis.>* " In this study, we investigated the distribution
of key miRNAs in DDP-resistant BGC-823 and SGC-7901
cells and their target gene profiles relying on bioinfor-
matics differential analysis.

In this study, various miRNAs showed differential
expression in the microarray analysis, including 1681 upre-
gulated miRNAs and 1756 downregulated miRNAs.
According to the DE-miRNA criteria (|logoFC[>1.5 and
P<0.05), a total of 13 DE-miRNAs were identified, includ-
ing 9 upregulated miRNAs and 4 downregulated miRNAs.
In Wang’s study, |log,FC[>1 and P<0.05 were treated as the
DE-miRNA criteria,*® while in Li’s study,®’ [log,FC|>1.5
and P<0.05 were applied as the DE-miRNA criteria which
were consisted with research.  Afterwards,
StarBaseV3.0 was used to predict the target genes of each
DE-miRNA. As an open-source platform for studying the
miRNA-mRNA, StarBaseV3.0 has been used in many

studies.®** % In our study, in order to improve the accuracy

our

of target gene prediction, we only select target genes that
were simultaneously included in at least five types of data-
bases as potential target genes. 1,159 potential target genes
were generated, including 214 target genes for upregulated
miRNAs and 945 genes for downregulated miRNAs.
Afterwards, GO and KEGG analyses were generated for
functional prediction. The top 10 functions and pathway
enrichment were selected for further research. 779 target
genes in downregulated miRNAs and 214 target genes in
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Figure 7 Validation of hubgenes expression and prognostic analyses of hubgenes by THPA.
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Figure 8 Validation of hubgenes expression in GC tissues by RT-PCR. (A) The expression of miR-424 in gastric cancer patients. (B) The expression of SMURFI in gastric
cancer patients. (C) Linear correlation analysis between miR-424 and SMURFI. D) The expression of miR-491 in gastric cancer patients. (E) The expression of BCL2LI in
gastric cancer patients. (F) Linear correlation analysis between miR-491 and BCL2LI (*Significant differences could be observed among the two groups).

upregulated miRNAs were submitted to the STRING data-
base to construct two PPI networks, respectively. We con-
tinued to screen the hub genes by the plug-in CytoHubba in
Cytoscape, which was widely used in other research.*!
After checked by Coremine database and THPA,
SMURF1 and BCL2L1 were identified as the final hub-
genes in the present research, which were regulated by
miR-424 and miR-191a, respectively. However, after the
validation of hub genes expression in GC tissues, no sig-
nificant difference of BCL2L1 expression could be found
between DFS<I-year group and DFS>l-year group.
Therefore, we speculated that miR-424 regulated the che-
motherapy sensitivity by inhibiting the expression of
SMURFI.

MicroRNAs (miRNAs) are small non-coding RNAs
with lengths of 19-25 nucleotides that regulate the transla-
tion or degradation of target mRNA in the human body.**
MiRNAs play an important role in the proliferation, inva-

sion and apoptosis of malignant tumour cells and may

affect resistance to cisplatin.***** Many reports have testi-
fied that miR-424 was abnormally expressed in several
human cancers.*** For instance, in non-small cell lung
cancer, loss of miR-424-3p conferred chemoresistance
through targeting YAP1.*’ Besides, miR-424 could influ-
ence many biology processes by other target genes. In
Baptista’s research, miR-424 promoted pulmonary arterial
hypertension by directly targeting SMURF1.*° In our
study, the expression of miR-424 in DDP resistant group
was significantly decreased in compared with the DDP
chemosensitive group, which was consistent with other
research.’’>? In present study, hub genes were screened
by the plug-in CytoHubba, among the top 10 hubgenes in
downregulation miRNA group, 8 of them were identified
as the target genes of miRNA-424(CDC27, CDC23,
RNF213, SMURF1, SMURF2, UBE4A, LMO7, WSBI1),
the hub gens were continued to be screened by Coremine
Medical online database. Coremine Medical is a domain-

specific search engine for medical information, which was
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based on a new search concept that offers the user domain-
specific networks. In previous studies, the Coremine data-
base was widely used to find new therapeutic targets and
mechanism analysis, especially in the analysis of che-
motherapy resistance mechanisms.>*** Therefore, after
cross-alignment by coremine database, LMO7, SMURF]1,
BCL2L1 and STAT3 were identified as the primary hub-
genes. Afterwards, we continued to evaluate the associa-
tion between hubgenes and the prognosis of gastric cancer
patients by THPA. As an online human proteome database,
THPA has already contributed to several thousands of
publications in the field of human biology and disease
and it is selected by the organization ELIXIR (www.
elixir-europe.org) as a European core resource due to its
fundamental importance for a wider life science
community,” the results indicated that the expression of
SMURF1 and BCL2L1 in gastric cancer is significantly
associated with the poor prognosis in gastric cancer
patient. Therefore, we identified SMURF1 and BCL2L1
as the hubgenes ultimately.As one of the hub genes,
SMURF1 was also the target genes of miR-424.

SMUREFI1 belongs to the NEDD4 subfamily of HECT-
type E3s and plays an important role in the ubiquitination
process of the C2-WWHECT domain®® and is involved in
several key cellular processes. SMURF1 has been shown to
form an isomeric complex with the common-partner Smad
(Co-Smad) Smad4 and ubiquitinate to degrade the BMP
receptor-regulated Smad protein. This complex regulates
the transcription of multiple target genes in the nucleus
and is involved in many biological processes such as tumor-
igenesis, cancer progression and chemoresistance.”’® In
the present study, the results of functional and pathway
enrichment analyses demonstrated that ubiquitination activ-
ity exhibited more active in SGC-7901/DDP, which also
indicated that ubiquitination activity might perform an
essential function in the process of DDP drug resistance.

Based on results of microarray, in DDP-resistant cells, the
expression of miR-424 was significantly decreased in com-
parison with DDP-sensitive cells. In our validation tests, we
detected the expression of SMURF1 and miR-424 in GC
tissues derived from the patients who received RO resection
and standard postoperative adjuvant chemotherapy. The
results showed miR-424 was downregulated in patients
with DFS<I SMURF1
Statistically negative linear relationship between them
implied SUMRF1 was negatively regulated by miR-424.
These results were all consisted with the microarray sequen-

year, while was upregulated.

cing and our analysis. However, the detail mechanism of

SMURF1 inducing the drug resistance still needs to be stu-
died. Lin’s research demonstrated that PK A/Smurfl antag-
onizes the downregulating effect of JNK on Nur77, leading
to the accumulation of Nur77 for apoptosis induction trig-
gered by cisplatin.>® Vial’s research indicates that SMURF1
participated in the formation of lamellipodia by regulating
peripheral RhoA/ROCK/MLC?2 signaling and further regu-
late the plasticity and motility of tumor cells.®° RhoA belongs
to the Rho GTPase family,®' which involved in the switching
cycle of intracellular molecules between in the active form of
GTP binding and the inactive form of GDP binding. Many
studies have testified that RhoA was closely related to che-
moresistance in GC and colorectal cancer.> Therefore, we
speculated that, in DDP resistant cancer cells, downregula-
tion of miR-424 contributed to the upregulation expression of
SMURF1, which induced the DDP resistance via stimulating
the RhoA.

Conclusion

In summary, our data revealed that miR-424 was a tumor
suppressor and it could deregulate SMURF1 in DDP-resis-
tant GC cells, which might provide a novel strategy for
targeted therapy of patients with GC.
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