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miR-3174Contributes to Apoptosis and Autophagic
Cell Death Defects in Gastric Cancer Cells
by Targeting ARHGAP10
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Gastric cancer (GC) is a major health problem worldwide
because of its high morbidity and mortality. Considering the
well-established roles of miRNA in the regulation of GC carci-
nogenesis and progression, we screened differentially expressed
microRNAs (miRNAs) by using The Cancer Genome Atlas
(TCGA) and the GEO databases. We found that miR-3174
was the most significantly differentially expressed miRNA in
GC. Ectopic miR-3174 expression was also detected in clinical
GC patient samples and cell lines and associated with poor
patient prognosis. Apoptosis and autophagic cell death are
two types of programmed cell death, whereas both are deficient
in gastric cancer. Our functional analyses demonstrated that
miR-3174 inhibited mitochondria-dependent apoptosis and
autophagic cell death in GC. Moreover, high expression of
miR-3174 also resulted in Cisplatin resistance in GC cells.
Using bioinformatics analyses combined with in vitro and
in vivo experiments, we determined that miR-3174 directly tar-
gets ARHGAP10. Notably, ARHGAP10 promoted mitochon-
dria-dependent apoptosis by enhancing p53 expression, which
was followed by Bax trans-activation and caspase cleavage.
ARHGAP10 also facilitated autophagic cell death by suppress-
ingmammalian target of rapamycin complex 1 (mTOC1) activ-
ity. Our results reveal a potential miRNA-based clinical thera-
peutic target that may also serve as a predictive marker for GC.
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INTRODUCTION
Gastric cancer (GC) is the second highest cause of cancer-related
death worldwide and is especially prevalent in East Asia.1 Despite
new diagnostic techniques and improvements in radical lymphade-
nectomy surgical approaches to treat GC, the prognosis of patients
remains poor, and the five-year survival rate remains at approxi-
mately 20%.2 Patients with advanced GC also typically require further
treatment after gastrectomy, such as postoperative chemotherapy or
targeted therapy.3 However, the therapeutic effectiveness of perioper-
ative and postoperative chemotherapy remains insufficient, and these
modalities increase survival by only 14% and 10%, respectively.4,5

Furthermore, there is currently a lack of efficient molecular therapeu-
tic targets, such as HER-2 or VEGFR-2.6,7 It has become a major
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challenge to identify effective molecular therapeutic targets and
potential predictive markers of GC.

Apoptosis and autophagy, twomethods for programmed self-destruc-
tion of cells, have long been topics of investigation by the research
community.8 Apoptosis, also known as type I cell death, is one of
the best-described types of programmed cell death (PCD), and it acti-
vates cellular death signaling cascades such as mitochondria-depen-
dent and death receptor-mediated signaling,9,10 which are followed
by nuclear chromatin condensation and nuclear fragmentation.11 In
contrast, autophagy is an intracellular self-catabolic degradation pro-
cess. Under normal conditions, autophagosomes (APs) package and
transport bulk cytoplasm, damaged proteins, and organelles to lyso-
somes to be digested, recycled, and converted to energy, thereby ulti-
mately supporting cancer cell survival or proliferation.12 However,
excessive autophagy can also induce autophagic cell death (ACD),
which is also known as type II cell death,13 another type of PCD. In
early ACD, in contrast to the classic morphological changes caused
by apoptosis, large numbers of organelles are digested, but cytoskeletal
elements are preserved, and this whole process is caspase indepen-
dent.14 Typically, stimuli can induce either apoptosis or ACD; how-
ever, both modes of death can be simultaneously induced in response
to the same stimulation.15 These characteristics might be attributed to
the variable thresholds of both processes. Recently, several genes and
pathways have been reported to be involved in the link between
apoptosis and ACD,16,17 thus indicating that these processes do not
occur through isolated pathways. However, cancer cells can develop
multiple mechanisms that promote malignant processes, such as
continuous proliferation and avoidance of death.18 Both types of
PCD are defective in cancer, and there is currently a lack of suitable
therapeutic methods that can simultaneously target both ACD and
he Author(s).
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Figure 1. Identifying Differentially Expressed

miRNAs by Using TCGA and the GEO Database

(A) Bioinformatics analysis flow diagram for the screening

for differentially expressed miRNAs in GC on the basis of

TCGA and GEO databases. Eight miRNAs were signifi-

cantly differentially expressed in GC tissues compared

with normal tissues with a fold change R2 and p < 0.05.

(B) Volcano plot of the miRNAmatrix generated according

to TCGA statistics from 491 GC patients. Red puncta

represent highly expressed miRNAs in GC tissues in

contrast to normal tissues with a fold change R2 and

p < 0.05. Green puncta represent downregulated miRNAs

in GC with fold change R2 and p < 0.05. (C) A miRNA

expression heatmap for 446 GC patients and 45 healthy

controls from TCGA was generated by using R with the

pheatmap package. (D) miRNA expression heatmap for

three GC tissues and three paired adjacent tissues from

the GEO78091 dataset, generated by using R with the

pheatmap package.
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apoptosis. Thus, there is an urgent need to discover therapeutic targets
that can reestablish PCD in cancer cells.

MicroRNAs (miRNAs) play significant roles in many types of
diseases19,20 and regulate the expression of oncogenes and tumor sup-
pressors as well as entire signaling pathways involved in tumorigen-
esis and cancer progression.21,22 miRNAs can also potentially serve
as clinical therapeutic targets and predictive markers for GC.23 Using
bioinformatics analysis, we discovered a miRNA, miR-3174, that was
significantly upregulated in GC tissues and cell lines. Because the role
of miR-3174 has seldom been reported previously, we focused on un-
covering the biological function of this miRNA in GC.

ARHGAP10, a member of the Rho GTPase-activating protein family
(RhoGAP), catalyzes the GTP of Rho GTPases to GDP,24 such as
RhoA25 and CDC42,26 and subsequently inhibits the activities of Rho
GTPase as well as its downstream signaling cascade. In addition to a
RhoGAP domain, ARHGAP10 also possesses a SRC homology 3
(SH3) domain and a Pleckstrin homology (PH) domain.27 This config-
uration allows ARHGAP10 to interact withmany other protein species
and to regulatemultiple cellular processes, such as cytoskeleton and cell
Molecular Ther
junction formation,28 cardiacmechanical stress,29

and vesicular trafficking of Golgi bodies.26 Luo
et al.30 have found that ARHGAP10 plays a
tumor-suppressor role in ovarian cancer by in-
hibiting the activity of CDC42. Azzato et al.31

have described single-nucleotide polymorphisms
of ARHGAP10 in breast cancer. Collectively,
these results indicate an association between
ARHGAP10 and cancer; however, the mecha-
nism underlying this relationship is unknown.

In the present study, we provide the evidence
that miR-3174 expression is significantly upre-
gulated in GC. Further experiments confirmed that miR-3174 upre-
gulation simultaneously inhibits ACD and apoptosis in GC cells by
downregulating the expression of ARHGAP10. Upregulation of
miR-3174 expression also contributes to cisplatin resistance in GC.

RESULTS
miR-3174 Is Upregulated in Gastric Cancer and Is Associated

with Poor Prognosis

To identify candidate miRNAs with a role in GC, we examined
changes in miRNA expression (fold change R2) among 446 GC tis-
sues compared to 45 normal tissues from The Cancer Genome Atlas
(TCGA) database and combined these results with the GEO datasets
(GEO78091, fold change R2) (Figure 1A). Five miRNAs were upre-
gulated; three were downregulated in both TCGA (Figures 1B and
1C) and the GEO libraries (Figure 1D). RT-PCR was used to further
validate the expression of these eight miRNAs (means and standard
deviations of each group of miRNA expression profile were displayed
in Table S1). Our results showed that the expression of miR-3174,
miR-17-5p, and miR-19a-3p was increased (Figures 2A, 2E, and
2G) and that of miR-148a-3p, miR-4732-3p, and miR-125b-1-3p
was decreased (Figures 2B, 2D, and 2F), whereas there was no
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significant difference in miR-93-5p or miR-20a-5p expression among
50 GC tissues compared with paired adjacent normal tissues (Figures
2C and 2H). The most significant change in expression was observed
for miR-3174, thus prompting us to further examine the role of this
miRNA in GC malignancy. High expression of miR-3174 was
confirmed in an additional 100 paired GC tissues (Figures 2I and
2J). miR-3174 reads with transcripts per million (Tpm) correction
were significantly higher in 446 GC tissues compared with 45 healthy
tissues in TCGA (Figure 2K). In addition, miR-3174 expression was
also increased in several GC cell lines compared with the normal
stomachmucosa cell line GES-1 (Figure 2l). Using the median expres-
sion value of miR-148a-3p as a cutoff point, the cohort was dichoto-
mized into miR-148a-3p high and low group (means or variance
values of two groups were shown in Table S1); univariate analysis
of clinicopathologic features showed that the relative expression of
miR-3174 was correlated with tumor size, tumor node metastasis
(TNM) stage, and T stage of GC patients (Table S2); furthermore,
high expression of miR-3174 contributed to poor prognosis and
significantly lower five-year overall survival (Figure 2M). These
data indicate that miR-3174 is probably an onco-miRNA in GC.

miR-3174 Inhibits Mitochondria-Dependent Apoptosis in GC

Cells

Flow cytometry assays revealed that upregulation of miR-3174 prom-
inently decreased the apoptotic rate in MKN45 cells, whereas repres-
sion of miR-3174 improved the apoptotic rate in BGC823 cells. In
addition, the pro-apoptotic effect of miR-3174 inhibition was recov-
ered by Z-VAD-FMK, a pan-caspase inhibitor, in BGC823 cells, and
the anti-apoptotic effect of miR-3174 reconstitution was similar to
the effect of Z-VAD-FMK inMKN45 cells (Figures 3A and 3B). These
results were further verified by caspase-3 activity detection kit and cell
viability assay (Figures 3C and 3D). To confirm that the inhibition of
apoptosis caused by miR-3174 was mitochondria dependent, we
measured mitochondrial membrane potential (DJm, MMP) by
using JC-1 probes. As expected, miR-3174 reconstitution increased,
whereas miR-3174 downregulation decreased the DJm compared
with that in controls (Figures 3E and 3F). Besides, levels of cleaved cas-
pase-3 and Bax, both of which play important roles in mitochondria-
dependent apoptosis, were decreased in MKN45 cells with miR-3174
reconstitution but increased in BGC823 cells with miR-3174 suppres-
sion, whereas Bcl-2 was unchanged regardless of altering miR-3174
expression (Figure 3G, upper panel). Furthermore, another protein
that participates inmitochondria-dependent apoptosis pathway, cyto-
chrome c, released from mitochondria to cytosol in miR-3174-sup-
pressed cells but accumulated in mitochondria in miR-3174-overex-
Figure 2. miR-3174 Is Significantly Upregulated in GC and Is Associated with P

(A–H) Differences in the expression of eight candidate miRNAs were assessed in 50 GC

U test. (I) miR-3174 expression was further examined in 100 GC tissues and paired n

statistical difference of miR-3174 expression between each GC tissue compared with no

and 45 healthy individuals from TCGA statistics; differences were compared with the Ma

six GC cell lines (BGC823, SGC7901, AGS, MKN45, MGC803, and HGC27) and compa

overall survival rates in the miR-3174-high group andmiR-3174-low group were measur

and ***p < 0.001.
pressed cells (Figure 3G, lower panel). Thus, we conclude that
miR-3174 inhibits mitochondria-dependent apoptosis in GC.

miR-3174 Restrains ACD in GC Cells

ACD is another type of PCD in addition to apoptosis, thus prompting
us to test whether miR-3174 might regulate cellular autophagy in GC
cells. To accomplish this, cells were transfected with lentivirus for
GFP-mRFP-LC3 expression. Subsequent confocal microscopy re-
vealed that miR-3174 overexpression significantly diminished both
APs (yellow puncta) and autolysosomes (ALs, red puncta) in
MKN45 cells, whereas miR-3174 inhibition enhanced APs and ALs
in BGC823 cells (Figures 4A and 4B). Transmission electron micro-
scopy (TEM) detection of characteristic AP with double layer struc-
ture or ALs generated by fusion of AP with lysosome showed that
reconstituted miR-3174 expression significantly reduced, whereas
miR-3174 suppression improved cellular APs or ALs (Figure 4C).
LC3-II turnover assay also indicated that miR-3174 could negatively
regulate autophagy in GC cells, both in normal and serum-starved
conditions (Figures 4D and 4E). In addition, the effect of miR-3174
on autophagy was further augmented with chloroquine (CQ) treat-
ment but restrained in the presence of 3-methyladenine (3-MA), a
class III PI3K inhibitor (Figures 4D and 4E). Moreover, overexpres-
sion of miR-3174 in MKN45 cells increased protein abundance of
SQSTM1/p62 and decreased levels of BECN1, both of which are
markers of autophagy, whereas the opposite findings were found in
miR-3174-inhibited BGC823 cells (Figure 4F). CCK-8 assay results
showed that the autophagic inhibitors 3-MA and Wortmannin
(WMT) as well as the small interfering RNA (siRNA) sequences
siBECN1 and siATG5 significantly decreased cell death caused by
miR-3174 downregulation in BGC823 cells (Figure 4H) (the inhibi-
tion effectiveness were validated as shown in Figure 4G). All these
results reveal that high expression of miR-3174 contributes to death
defects in GC cells partly by suppressing ACD.

miR-3174 Reinforces the CDDP Resistance in GC Cells

cis-diamine dichloroplatinum/cisplatin (CDDP)-based chemo-
therapy is the first-line regimen for advanced and metastatic GC.
On the basis of the relationship between apoptosis or autophagy
with chemo-sensitivity in cancer, we speculated that miR-3174 might
also decrease the cytotoxicity of CDDP in GC. To test this hypothesis,
MKN45 and BGC823 cells resistant to CDDP (referred to as
MKN45CDDP and BGC823CDDP cells, respectively) were estab-
lished. The CDDP-resistant features of these two cell lines were
validated through cell viability assays and subsequent IC50 evaluation
(Figures S1B–S1D). miR-3174 expression was significantly
oor Prognosis

tissues and paired normal adjacent tissues and compared using the Mann-Whitney

ormal adjacent tissues. (J) Wilcoxon signed-rank test was utilized to calculate the

rmal adjacent tissues from 100 GC patients. (K) miR-3174 reads in 446 GC patients

nn-Whitney U test. (L) The expression of miR-3174 was measured using RT-PCR in

red with that measured in the gastric mucosa epithelial cell line GES-1. (M) Five-year

ed with Kaplan-Meier analysis. Graph represents mean ± SEM; *p < 0.05, **p < 0.01,
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upregulated in MKN45 and BGC823 CDDP-resistant cells compared
with the corresponding drug-sensitive parental cells (Figure 5A).
miR-3174 reconstitution decreased cell viability with various concen-
trations of CDDP treatment and elevated the IC50 in MKN45 and
BGC823 cells (Figures 5B, 5D, 5F, and 5H), whereas downregulation
of miR-3174 displayed the reverse effects in MKN45CDDP and
BGC823CDDP cells (Figures 5C, 5E, 5G, and 5I). Colony formation
assay verified that miR-3174-reconstituted CDDP-sensitive cells
showed stronger long-term viability than control cells (Figures 5J,
S2B, and S2C, left panels); the opposite findings were acquired in
miR-3174-depressed CDDP-resistant cells (Figures 5K, S2B, and
S2C, right panels). These data indicate that miR-3174 facilitates
CDDP resistance in GC cells.

ARHGAP10 Is a Direct Downstream Target Gene of miR-3174

To identify miR-3174 target genes, we screened TCGA for genes that
were significantly downregulated in GC (fold changeR2) (Figure 6A)
and combined these results with predictive target information
regarding miR-3174 obtained from TargetScan (http://www.
targetscan.org/). Using this strategy, 345 genes were selected. Subse-
quently, we identified 466 genes that may increase CDDP sensitivity
in 28 GC cell lines based on the Genomics of Drug Sensitivity in Can-
cer (GDSC) database (Figure 6B; Table S3; p < 0.05) and combined
these data with the previous 345 genes. Ultimately, 21 genes were
identified that meet the following criteria: (1) are downregulated in
375 GC tissues compared with 32 normal gastric tissues on TCGA
(Figure 6C), (2) exhibit CDDP sensitization effect according to
GDSC, and (3) are the potential targets of miR-3174 according to
TargetScan (Figure 6D). Negative correlations between miR-3174
expression and these 21 potential targets were subsequently verified
in GC and normal tissues by the statistics acquired from TCGA (Fig-
ure 6E). We chose four genes (ZNF471, LDOC1, CLMP, and
ARHGAP10) whose expression was significantly negatively corre-
lated with miR-3174 (p % 0.01) for experimental confirmation (Fig-
ures 6F–6I). RT-PCR results validated that expression of CLMP and
ARHGAP10 was downregulated in GC tissues compared with normal
adjacent tissues (Figures 7A and 7B), whereas no significant changes
in ZNF471 and LDOC1 expression were observed (Figures 7C and
7D). Furthermore, CLMP and ARHGAP expression levels showed a
clear negative correlation with miR-3174 expression in the GC tissues
(Figures 7E and 7F), whereas no clear relationship was observed
between ZNF471 or LDOC1 expression and miR-3174 expression
(Figures 7G and 7H). Moreover, the augmentation or inhibition of
miR-3174 expression respectively downregulated or upregulated the
Figure 3. miR-3174 Inhibits Mitochondria-Dependent Apoptosis in GC Cells

(A) After infection of MKN45 cells with LV-miR-3174 or LV-miR-NC and BGC823 cells

(B) Quantification of the apoptotic rate of each group is shown. (C) Caspase-3 activity wa

LV-miR-NC or LV-miR-3174 or treated with Z-VAD-FMK after LV-miR-NC transfection

FMK after inhibition of miR-3174. (D) CCK-8 assays were performed to test cell viability

JC-1 as a fluorescence probe. (F) Quantification of the fluorescence ratios converted

(inactivated form of caspase-3), cleaved caspase-3 (c-caspase-3), Bax, and Bcl-2 prote

panel, western blot analysis of cytochrome c (cyto.c) protein levels in cytosol or mitochon

in mitochondrial fragments. Graph represents mean ± SEM; *p < 0.05, **p < 0.01, and
expression of CLMP and ARHGAP10, but not ZNF471 and
LDOC1, at both the mRNA and protein level (Figures 7I and 7J).
Luciferase reporter assays further revealed that the bioluminescence
intensities in miR-3174-reconstituted BGC823 and MKN45 cells
decreased after transfection with the wild-type 30 UTRs of
ARHGAP10 and CLMP. However, there were no significant differ-
ences after transfected wild-type 30 UTRs of ZNF471 or LDOC1
and mutant-type of 30 UTRs of these four genes in cells with or
without miR-3174 reconstitution (Figures 7K and 7L). Constructs
specific to these four genes were then transfected into GC cells
(Figure S2D), and cell viability was measured with CCK-8 assays.
Besides, only interference sequence of ARHGAP10 or LDOC1 treat-
ment could increase the viability of MKN45 cells (Figure 7M). Collec-
tively, we further focus on ARHGAP10, a potential tumor suppressor
in GC and direct downstream target of miR-3174.

ARHGAP10 Restores the Effects of miR-3174 on Apoptosis and

ACD as well as CDDP Cytotoxicity in GC Cells

JC-1 staining revealed that ARHGAP10 overexpression decreased
MMP levels compared with that in the control group, and, in
MKN45 cells, reduced the MMP level that was upregulated by miR-
3174 reconstitution (Figures 8A, left panel, and S3A). In addition,
ARHGAP10 repression not only increased MMP level but also
restored the downregulation of MMP caused by miR-3174 inhibition
in BGC823 cells (Figures 8A, right panel, and S3B). Flow cytometry
assay showed that upregulation of ARHGAP10 expression promoted
apoptosis in MKN45 cells and reverted the apoptotic inhibition effect
of miR-3174 (Figures 8B and S3C). However, miR-3174 downregula-
tion showed reverse findings in BGC823 cells (Figures 8C and S4D).
GFP-mRFP-LC3 detection and LC-3 turnover assay demonstrated
that ARHGAP10 could antagonize effect of miR-3174 on autophagy
in GC cells (Figures 8D–8G, S3E, and S3F). mTOR signaling is one of
the most common pathways that regulates autophagy, thus prompt-
ing us to examine this pathway through western blotting. The results
showed that ARHGAP10 overexpression decreased intracellular
levels of p-p70s6k, a result indicative of mTORC1 activity, although
there were no significant differences in total mTORC1 or p-AKT.
This finding suggested that ARHGAP10 reconstitution promoted
autophagy by inhibiting mTORC1 activity. In addition, ARHGAP10
overexpression increased BECN1, Bax, and cleaved caspase-3 levels
and decreased p62 and pan-caspase-3 (inactivated form) levels in
MKN45 cells, results consistent with our previous findings (Fig-
ure 8H). p53 is an upstream mediator of Bax, and as expected,
increased p53 levels were detected after ARHGAP10 reconstitution
with ANTI-3174 or ANTI-NC, apoptotic rates were detected with flow cytometry.

s measured using a Caspase-3 activity detection kit in MKN45 cells transfected with

and in BGC823 cells with or without miR-3174 suppression or exposure to Z-VAD-

after 48 hr culture. (E) Detection of the mitochondrial membrane potential by using

into histograms. (G) Upper panel, western blot measurement of pan-capsase-3

in levels in MKN45 or BGC823 cells. b-actin was used as an internal control. Lower

drial (mito) fraction of cells. b-actin, internal control in cytosol; cox IV, internal control

***p < 0.001.
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Figure 4. miR-3174 Suppresses Cellular Autophagy and Inhibits Autophagic Cell Death in GC Cells

(A) Cells infected with lentivirus particles for expression of GFP-mRFP-LC3 were plated into a 35-mm confocal culture dish, and cellular puncta were observed using confocal

microscopy (63� objective magnification; scale bar, 20 mm) after 48 hr. The areas enclosed in white squares were further amplified. (B) Yellow and red puncta were counted

as mentioned in the Materials and Methods. (C) Transmission electron microscopy (TEM) detection of autophagic microstructures in cells. The green arrows refer to cellular

autophagosome that has a double layer structure or autolysosome generated by fusion of autophagosome with lysosome. The areas enclosed within green squares were

(legend continued on next page)
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(Figure 8H). These results suggested that ARHGAP10 promotes
apoptosis by inducing p53-mediated Bax trans-activation and were
further validated in ANTI-NC- and ANTI-3174-transfected
BGC823 cells with or without ARHGAP10 repression (Figure 8I).
CCK-8 assay demonstrated that ARHGAP10 reconstitution
decreased cell viability and ameliorated the cell death defect caused
by miR-3174 in MKN45 cells (Figure 8K, left panel). These results
were also verified in BGC823 cells with or without miR-3174 inhibi-
tion (Figure 8L, left panel). Next, correlations between ARHGAP10
expression and the IC50 values of various anti-cancer drugs in 28
GC cell lines in the GDSC database were calculated. ARHGAP10
expression was significantly negatively correlated with the IC50 value
of CDDP in all tested cell lines (Figure 8J; Table S4; p < 0.01). Both the
effects of ARHGAP10 on CDDP sensitivity and antagonizing CDDP
resistance induced by miR-3174 were further determined in CDDP-
resistant or -sensitive cells. (Figures 8K and 8L, right panel). Collec-
tively, these data show that miR-3174 inhibits mTORC1-mediated
ACD and p53-regulated apoptosis as well as CDDP cytotoxicity
through post-transcriptional suppression of ARHGAP10.

miR-3174 Regulates ARHGAP10 Expression Level to Moderate

GC Progression In Vivo

To investigate the roles of miR-3174 and ARHGAP10 in vivo, we
generated xenografts in nude mice (Figures 9A and 9D). Xenograft
tumors formed from miR-3174-overexpressing MKN45 cells showed
significantly faster growth (Figure 9B), whereas miR-3174-suppressed
BGC823 xenografts were smaller in volume than those generated
from control cells (Figure 9C). Furthermore, miR-3174 expression
was negatively correlated with AHRGAP10 mRNA expression in
each group of xenografts (Figures S4A and S4B). Additionally, over-
expression of ARHGAP10 in miR-3174-reconstituted MKN45 cells
restrained the acceleration of tumor growth caused bymiR-3174 (Fig-
ure 9E), and suppression of ARHGAP10 in miR-3174-downregulated
BGC823 cells displayed reverse effects (Figure 9F) (mRNA levels of
ARHGAP10 were shown in Figure S4C). Immunohistochemistry
(IHC) staining of xenografts revealed the negative relationship be-
tween protein levels of ARHGAP10 and miR-3174 expression (Fig-
ure 9G). The IHC scores for ARHGAP10 in these xenografts were
also calculated and showed similar results (Figure 9H). The protein
levels of ARHGAP10 were further measured in 50 paired GC tissues
by using tissue microarrays (Figure 9I). The results demonstrated
higher levels of ARHGAP10 in tumor tissues compared with para-
carcinoma tissues (Figure 9J). In addition, the percentages of
ARHGAP10-positive cells in these tissues were clearly negatively
correlated with the expression of miR-3174 (Figure 9K). Collectively,
these findings illustrate that miR-3174 is a tumor suppressor in GC
that functions through inhibition of ARHGAP10 expression in vivo.
further amplified with TEM (2,500� and 8,800� magnification; scale bar, 2 mm and 500

cells with or without chloroquine (CQ, 10 mM for 2 hr) or 3-methyladenine (3-MA, 2 mM f

the lower band, LC3-II. (F) The protein levels of BECN1 and SQSTM1/p62 were assess

cells with siATG5, siBECN1, or siNC and treated cells with 3-methyladenine (3-MA, 2 m

quantified in BGC823 cells with the same treatment and with or without miR-3174 in

*p < 0.05, **p < 0.01, ***p < 0.001.
DISCUSSION
A single miRNA can influence multiple biological processes by
simultaneously regulating several cellular signaling pathways, thus
indicating the vast clinical potential of miRNA-based therapy.
Using bioinformatics analysis, we identified eight differentially ex-
pressed miRNAs in GC. Through further validation in 150 paired
GC clinical tissue samples, we determined that miR-3174 is signif-
icantly upregulated in GC and correlates with significantly
decreased five-year survival. Stark et al.32 first detected miR-3174
as an essential miRNA expressed in melanoma; however, the precise
role of this miRNA was not previously reported, thus prompting us
to investigate its function in GC. We specifically explored the effect
of miR-3174 expression on the malignant progression of GC. How-
ever, it should be noted that miR-3174 may influence other cellular
process or biological functions in GC beyond what is reported here,
and additional studies into the function of this molecule should be
performed.

Apoptosis (type I cell death), ACD (type II cell death), and necrosis
(type III cell death) are all forms of PCD. It has been reported that
ACD acts as a compensatory mechanism when apoptosis is in-
hibited.33 However, cancer cells show severe defects in both type I
and II cell death, and the mechanisms underlying these defects
remain unclear. Herein, we determined that miR-3174 simulta-
neously inhibits apoptosis and ACD in GC and has a role in prevent-
ing the death of GC cells. In addition, we also demonstrated that
specific targets of miR-3174 can reverse these effects.

Because of its GTPase-activating proteins (GAP) domain,
ARHGAP10 shows potent Rho GTPase inhibition activity, in
agreement with previous findings that ARHGAP10 promotes
tumorigenesis in ovarian cancer by suppressing the activity of
CDC42.30 Additionally, ARHGAP10 also possesses an SH3
domain, and a close relationship between this domain and cancer
progression has been reported.34,35 Thus, beyond its effects in sup-
pressing CDC42, we hypothesized that ARHGAP10 may regulate
the expression of other genes and consequently prevent cancer.
Interestingly, we found that ARHGAP10 promotes both cell
apoptosis and ACD in GC. The ability of mTORC1, a nutrient/
energy/redox sensor, to repress autophagy by phosphorylating
autophagy protein-13 (Atg13) has been well established.36,37 More-
over, the AKT-mTOR signaling cascade is one of the best-defined
cascades that are differentially expressed during GC tumorigenesis
and progression.38,39 In accordance with these relationships, we
discovered that ARHGAP10 decreased the activity of mTORC1,
but not AKT, and this decreased activity was accompanied by
massive autophagy and ACD.
nm). (D and E) LC3-II protein levels were calculated in MKN45 (D) and BGC823 (E)

or 24 hr) treatment or nutritional deprivation for 48 hr. The upper band of LC3, LC3-I;

ed with western blotting. (G) LC3-II levels were detected after transfected BGC823

M for 24 hr), Wortmannin (WMT, 10 mM for 24 hr), or DMSO. (H) Cell viability was

hibition. b-actin was used as an internal control. Graph represents mean ± SEM;

Molecular Therapy: Nucleic Acids Vol. 9 December 2017 301

http://www.moleculartherapy.org


Figure 5. miR-3174 Promotes CDDP Resistance in GC Cells

(A) The relative expression of miR-3174 in CDDP-resistant MKN45 and BGC823 cells and their parental CDDP-sensitive cells was detected with RT-PCR. Cell viability of

MKN45 (B) or BGC823 (D) cells with or without miR-3174 reconstitution and (C) MKN45CDDP or (E) BGC823CDDP cells with or without miR-3174 inhibition was measured

with CCK-8 assays after exposure of cells to different concentrations of CDDP for 48 hr. (F–I) The IC50 value of each group was determined. (J and K) Colony formation assays

were performed in CDDP-sensitive (J) or -resistant (K) cells to detect cell long-term viability after indicated concentrations of CDDP stimulation for 4 hr. Graph represents

mean ± SEM; *p < 0.05, **p < 0.01, ***p < 0.001.
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In addition, we found that ARHGAP10 exerts mitochondria-depen-
dent promotion of apoptosis in GC cells, which is potentially regu-
lated by miR-3174. Wild-type of p53, one of the best-known
tumor-suppressors, trans-activates several pro-apoptotic factors,
302 Molecular Therapy: Nucleic Acids Vol. 9 December 2017
such as Bax, thus inducing mitochondria-dependent apoptosis.40

Besides, p53 translocates to the outer mitochondrial membrane,
where it regulates additional downstream targets such as BCL-2,
thereby promoting apoptosis.41 As expected, elevated expression of
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both p53 and Bax was observed after ARHGAP10 overexpression.
These data illustrate that ARHGAP10 accelerates mitochondria-
dependent apoptosis by enhancing the expression of p53 and subse-
quent Bax trans-activation in GC. Our results were consistent with
those of another study reporting that DLC1, another member of
the RhoGAP, promotes mitochondria-dependent apoptosis in naso-
pharyngeal carcinoma.42 Despite these findings, the details of the
functional role of ARHGAP10 in cancer remain unclear. Because of
its complex structure, we suspect that ARHGAP10 may also be
involved in other regulatory mechanisms in GC.

Because of the effect of ARHAGP10 on CDDP sensitivity in GC eluci-
dated here, we examined the relationship between ARHGAP10
expression and the IC50 values of all anti-cancer drugs in 28 different
GC cell lines by using data from the GDSC database.43 In addition to
CDDP, we identified three anti-cancer drugs, Crizotinib, AG-014699,
and QL-VIII-58, whose IC50 values were also significantly negatively
correlated with ARHGAP10 expression in GC cells. In contrast, the
IC50 values of TAE684, BMS-536924, BMS-509744, and A-443654
had a positive correlation with expression of ARHGAP10, thus
suggesting that ARHGAP10 may contribute to GC cells developing
resistance to these drugs. Collectively, these findings suggest that
ARHGAP10 may be a predictive marker for GC treatment.

In conclusion, by performing bioinformatics analysis of TCGA as well
as the GEO database and combining the results with the data obtained
from GC tissue and cell experiments, we identified miR-3174, which
showed significantly increased expression in GC cells and was corre-
lated with poor prognosis. The oncogenic role of miR-3174 in GC is
driven by the simultaneous suppression of p53/Bax-mediated mito-
chondria-dependent apoptosis and mTORC1-regulated ACD as
well as attenuation of CDDP cytotoxicity. Further experiments
including data from TCGA, TargetScan, and the GDSC database
demonstrated that miR-3174 functions by directly targeting
ARHGAP10 (Figure 10). Collectively, these results may partially
explain why GC cells show a death-resistant phenotype and further
indicate that the miR-3174-ARHGAP10 axis may be an effective ther-
apeutic target and predictive marker for GC.

MATERIALS AND METHODS
Tissue Samples and Cell Culture

In total, 150 GC tissue samples were obtained from patients with stage
I–III disease who underwent R0 resection at The First Affiliated
Figure 6. Bioinformatics Analysis to Identify Potential Downstream Targets of

(A) Volcano plot for the mRNAmatrix generated on the basis of TCGA statistics from 407

resistance were screened according to the GDSC database. Right panel, 36 genes who

GC cell lines are listed. (C) mRNA expression heatmap showing 21 genes whose express

tissues on the basis of TCGA database but also significantly negatively correlated with the

identified as potential targets of miR-3174 based on the TargetScan. The symbols for

exploration of miR-3174 downstream targets. (E) Correlations between the expression

analysis in 404 patients from TCGA database, and the gene name, R value, and p valu

p < 0.01 were selected for further validation (red font). (F–I) A negative correlation was fo

according to TCGA statistics is displayed. Graph represents mean ± SEM; *p < 0.05, *
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Hospital of Nanjing Medical University. The specimen collection
process followed HIPAA guidelines. Five-year survival analysis and
univariate analysis of clinicopathological characteristics were per-
formed in 140 patients who had the complete follow-up information
and were divided into two groups by the median relative expression of
miR-3174 (0.1297358).

All GC cell lines were purchased from Shanghai Institutes for Biolog-
ical Sciences, Chinese Academy of Sciences (ISBS, CAS) and were
cultured in RPMI 1640 (Wisent Biocenter, 3500-000-CL, China)
supplemented with 10% fetal bovine serum (FBS) (086150023,
Wisent Biocenter, China).

To generate CDDP-resistant cell lines, MKN45 and BGC823 cells
were cultured with gradually increasing doses of CDDP. The dose
at which the cells became insensitive to CDDP was identified, and
the cultures were maintained at that dose for another week. Then
the cells were stimulated by the addition of 0.5 mM increments of
CDDP until the concentration reached 10 mM. The cells were then
maintained in culture with this concentration.

Reagents and Antibodies

Cisplatin (1134357), CQ (C6628), 3-MA (M9281), Wortmannin
(W1628), and Z-VAD-FMK (V116) were purchased from Sigma
Aldrich (USA). The primary antibody anti-ARHGAP10 was
purchased from Proteintech (55139-1-AP, China), and the antibodies
anti-Bax (5023), anti-phospho-p70s6k (9234), anti-p53 (2527), anti-
mTOR (2983), anti-phospho-Akt (4060), anti-caspase-3 (9665),
anti-cleaved caspase-3 (9664), anti-BECN1 (3495), anti-SQSTM1/
p62 (8025), anti-LC3A/B (12741), and anti-b-actin (3700) were
obtained from Cell Signaling Technology (Danvers, PA, USA).

Lentivirus, siRNA, Plasmids and Small Hairpin RNA Transfection

MKN45 cells, which have the highest expression ofmiR-3174 in sixGC
cell lines compared with GES-1 were transfected with lentivirus that
stably expressed miR-3174 (obtained from GenePharma, Shanghai,
China). BGC823 cells, which have the relative lowestmiR-3174 expres-
sion, were infected with lentiviruses containingmiR-3174 interference
sequence (GenePharma, Shanghai, China). miR-3174 expression after
lentivirus transfection in BGC823 and MKN45 cells were validated by
RT-PCR (Figure S1A). MKN45CDDP or BGC823CDDP cells, which
have the higher expression of miR-3174 compared to their parental
sensitive cells, were infected with miR-3174 inhibition lentivirus, and
miR-3174

patients. (B) Left panel, candidate genes potentially involved in CDDP sensitivity and

se expression was negatively correlated with the IC50 values for CDDP in 28 different

ion was not only downregulated in 375 GC tissues compared with 32 normal gastric

IC50 values for CDDP in 28 different GC cell lines. In addition, these genes were also

the 21 genes are shown in the black square. (D) Schematic diagram detailing the

levels of miR-3174 and these 21 genes were calculated with Pearson correlation

e are shown. The first four genes, ZNF471, LODC1, CLMP, and ARHGAP10, with

und between miR-3174 and ZNF471 (F), LODC1 (G), CLMP (H), and ARHGAP10 (I)

*p < 0.01, and ***p < 0.001.



(legend on next page)

www.moleculartherapy.org

Molecular Therapy: Nucleic Acids Vol. 9 December 2017 305

http://www.moleculartherapy.org


Molecular Therapy: Nucleic Acids
the interference effectiveness were also validated by RT-PCR (Fig-
ure S2A). For miR-3174 overexpression lentivirus, mature miR-3174
sequence (50-UAGUGAGUUAGAGAUGCAGAGCC-30) and inter-
ference sequence of miR-3174 (50-GGCUCUGCAUCUCUAACUCA
CUA-30) were cloned into LV2-pGLV-U6-puro vector (GenePharma,
Shanghai, China). We chose U6 (belongs to pol III) as the promoter of
LV2 vector, which has been showed that is high yield and commonly
adapted for miRNA synthesis.44 For lentivirus transfection, 2 � 105
BGC823 or MKN45 cells were plated into 6-well plates. After 24 hr,
cells were washed with PBS three times and then cultured with 2 mL
medium with a certain amount of miR-3174 overexpression or inhibi-
tion lentivirus (MOI, 100 for BGC823; 20 for MKN45) and Polybrene
(8 mg/mL). Stable pools were obtained in the presence of 2 mg/mL
puromycin for 2 weeks. ARHGAP10-overexpression and -repression
plasmids were purchased from GenePharma (shARHGAP10-
857: 50-GGGTCAAACACTATTGCATGT-30; shARHGAP10-1603:
50-GGAGTGGTGTTTGGACCAACT-30). Plasmids were transfected
into cells with Lipofectamine 2000 (1573386, Invitrogen,USA) accord-
ing to the manufacturer’s instructions, and all transfected cells were
subjected to puromycin selection. ARHGAP10 expression was verified
by western blotting (shARHGAP10#1 with a better inhibitory effect
was used for subsequent experiments) (Figure S2E).

CCK-8 and Apoptosis Assays

For Cell Counting Kit-8 assays, approximately 1,000 GC cells were
seeded per well into 96-well plates. After 48 hr of incubation, the cells
were cultured with 10% CCK-8 (Dojindo, Kumamoto, Japan) reagent
for another 2 hr, and the absorbance was detected using a microplate
reader.

To assay cell viability, 5,000 cells were plated per well into 96-well
plates. After 24 hr of incubation, the culture medium was changed,
different concentrations of cisplatin (MKN45CDDP, 0 mM, 1 mM,
2 mM, 4 mM, 6 mM, 8 mM, 10 mM, 12 mM, 14 mM, 16 mM;
BGC823CDDP, 0 mM, 1 mM, 2 mM, 4 mM, 6 mM, 8 mM, 12 mM,
16 mM, 20 mM, 24 mM; MKN45 and BGC823, 0 mM, 0.5 mM, 1 mM,
1.5 mM, 2 mM, 2.5 mM, 3 mM, 3.5 mM, 4 mM, 4.5 mM) were added,
and the cells were cultured for another 48 hr. Cell viability was quan-
tified using a CCK-8 kit.

For flow cytometry, GC cells were plated into 6-well plates
(2 � 105 cells/well) and placed into an incubator for 48 hr. The cells
were further incubated with Annexin V (3 mL) and propidium iodide
(3 mL) for 15 min and examined using a flow cytometer (Gallios,
Beckman, USA).
Figure 7. ARHGAP10 Is a Direct Downstream Target of miR-3174 and Acts in a

(A–D) The mRNA expression of CLMP (A), ARHGAP10 (B), ZNF471 (C), and LODC1 (D

(E–H) Correlations between miR-3174 and these four genes (E, CLMP; F, ARHGAP10

mRNA expression of these four genes in MKN45 cells with or without miR-3174 reconst

with RT-PCR. (J) The protein levels of ZNF471, LODC1, CLMP, and ARHGAP10 were ve

mutant-type 30 UTRs of these four genes were performed in BGC823 (K) andMKN45 (L) c

converted into histograms. (M) Cell viability was detected with a CCK-8 kit in MKN45 ce

was used as an internal control. Graph represents mean ± SEM; *p < 0.05, **p < 0.01
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After transfection of GC cells with different lentiviruses or plasmids,
the caspase-3 activity was detected by a Caspase 3 Activity Assay
Kit (C1115, Beyotime, China) according to the manufacturer’s
protocol.

qRT-PCR

Total RNA was extracted from cell lines and frozen tissues with
TRIzol reagent (15596018, Invitrogen, USA) according to the manu-
facturer’s protocol. A New Poly(A) Tailing Kit (Thermo Fisher Scien-
tific, China) was used to reverse transcribe miRNAs into cDNA.
mRNA was reverse-transcribed into cDNA with a PrimeScript RT
Master Mix Kit (TaKaRa, RR036A, Japan). cDNA was amplified
with a 7500 Real-Time PCR System (7500, Applied Biosystems,
USA) with Universal SYBR Green Master Mix (4913914001, Roche,
Shanghai, China).

Western Blotting

Total protein was extracted from GC cells and tissues and then sepa-
rated on 10% SDS polyacrylamide gels and transferred to polyvinyli-
dene difluoride (PVDF)membranes. Themembranes were blocked in
5% non-fat powdered milk for 2 hr. After being blocked, the mem-
branes were incubated with primary antibodies in dilution buffer at
4�C overnight and then incubated with secondary antibodies for
2 hr at room temperature and developed with HRP substrate
(WBKL0100, Millipore, USA). b-actin was used as an internal
control.

AP Detection by Using GFP-mRFP-LC3

After transfection with different lentiviruses encoding miR-3174 or
ARHGAP10-expression plasmids, GC cells were infected with
lentivirus particles for expression of GFP-mRFP-LC3 (Genechem,
Shanghai, China) and subjected to puromycin selection for
another 2 months. For AP or AL detection, cells were plated
into a 35-mm confocal culture dish. Hoechst 33342 staining was
then used to determine nucleus; the location and quantity of
APs in GC cells were detected by confocal microscopy (LSM5,
Zeiss, Germany, 63� oil-immersion objective) at 48 hr after
planking (we detected cellular autophagic level in MKN45 and
BGC823 cells at 0 hr, 24 hr, 48 hr, 72 hr, and 96 hr, respectively,
and found that it is highest at 48 hr after GFP-mRFP-LC3 trans-
fection). The quantification of puncta per cell was averaged in
five fields. mRFP proteins are more resistant to the acidic environ-
ment in lysosomes than GFP proteins; thus, yellow puncta repre-
sent AP (Merge), and red puncta represent ALs (Figures 4A, 8D,
and 8E).
Tumor-Suppressor Role in GC

) and in 100 paired GC and adjacent normal tissues were detected using RT-PCR.

; G, ZNF471; H, LODC1) were measured with Pearson correlation analysis. (I) The

itution and in BGC823 cells with or without miR-3174 inhibition was also determined

rified by western blotting. (K and L) Dual-luciferase reporter assays with wild-type or

ells with or without reconstitution of miR-3174, and fluorescencewas quantified and

lls with or without suppression of ZNF471, LDOC1, CLMP, and ARHGAP10. b-actin

, and ***p < 0.001.
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TEM

In brief, cells were fixed with 2.5% glutaraldehyde overnight at 4�C
after being treated with 1% OsO4 and then were dehydrated with
ethanol and embedded in Epon. The embedded materials were then
sectioned; the sections were further stained with 0.3% lead citrate
and imaged with an electron microscope (JEOL, Tokyo, Japan,
2,500� or 8,800� magnification).

Dual-Luciferase Reporter Assay

30 UTRs containing either wild-type or mutant miR-3174 response el-
ements from ZNF371, LDOC1, CLMP, and ARHGAP10 were cloned
into a pMIR-REPORT plasmid (H306, Obio Technology, Shanghai,
China). The transfection process followed themanufacturer’s instruc-
tions. Firefly and Renilla luciferase activity was assessed with a Dual-
Luciferase Reporter System Kit (E1910, Promega, USA).

Xenograft Model of GC and IHC

Five-week-old female BALB/c nude mice were obtained from the
Laboratory Animal Centre of Nanjing Medical University and raised
under pathogen-free conditions. In brief, 2 � 106 GC cells in 100 mL
of PBS were subcutaneously injected into the mice, and the resultant
xenograft tumors were measured every 7 days and harvested 4 weeks
later.

For IHC assays, sections of GC xenografts and tissue samples from
patients were prepared according to a previously described proto-
col.45 The sections were then observed with an IHC Imager
(DM4000B, Leica, Germany). Cells positively stained with different
types of antibodies were detected in an average of five fields per slice,
and the following scores used to describe the overall proportion were
measured: <10% = 0, 10%–25% = 1, 26%–50% = 2, 51%–75% = 3
and >75% = 4. For analysis of clinicopathological characteristics,
the patients were divided into two groups on the basis of the
median relative expression of miR-3174: a miR-3174-high group
(expression > 0.1297358, n = 70) and a miR-3174-low group
(expression < 0.1297358, n = 70).

Bioinformatics Analysis

miRNA expression levels reported for 491 (446 GC patients and 45
healthy subjects) individuals included in TCGA database (https://
cancergenome.nih.gov/) were integrated by using Perl, and a matrix
Figure 8. miR-3174 Decreases Autophagic Cell Death and Apoptosis in GC Ce

(A) Mitochondrial membrane potentials were determined and analyzed by confocal m

apoptosis of cells (B, MKN45; C, BGC823) were detected by flow cytometry. (D an

were plated into a 35-mm confocal culture dish, and autophagic-associated puncta

magnification; scale bar, 20 mm) after 48 hr. (F and G) LC3-II protein levels were d

chloroquine (CQ, 10 mM for 2 hr) stimulation. (H and I) The protein levels of p-Akt, m

form of caspase-3), and cleaved caspase-3 (c-caspase-3) in GC cells (H, MKN4

ARHGAP10 expression and the IC50 values for anti-cancer drugs in 28 GC cell lin

values) that were significantly negatively correlated with ARHGAP10 expression ar

positively correlated with ARHGAP10 expression are marked in red (p < 0.01). (K and

BGC823 (L) cells with the treatments shown in the figure. Right panels, IC50 values fo

their CDDP-resistant cells (L) after exposure to CDDP for 48 hr. b-actin was used a

***p < 0.001.
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describing differentially expressed miRNA (fold change R2,
p value < 0.05) was generated using the edgeR package (Bioconductor
software) after Tpm correction and p value adjustment. A matrix of
differentially expressed mRNA (fold change R2, p value < 0.05)
was also similarly generated for a cohort of 407 patients (375 GC
patients and 32 healthy controls).

To screen for differentially expressed miRNA in the GEO database,
the GEO78091 dataset, which contains three GC tissues and paired
adjacent normal tissues, was selected and analyzed using R with
the limma package (Bioconductor software). Candidate mRNAs
were selected with a standard method, and differentially expressed
mRNAs were defined as having a fold change R2 and a
p value < 0.05.

To identify potential genes influencing cisplatin sensitivity, we inte-
grated the IC50 statistics of multiple types of anti-cancer drugs in 28
different GC cell lines on the basis of a gene-expression matrix ob-
tained from the GDSC (http://www.cancerrxgene.org) database by
using Perl. Correlations between gene expression (number of genes,
17,419) and the IC50 value of CDDP in 28 GC cell lines and corre-
lations between ARHGAP10 expression and the IC50 values of
various types of anti-cancer drugs (number of drugs, 265) were as-
sessed using Pearson correlation coefficient analysis in R. A Z test
was used to calculate p values. Genes with R < 0 and a p value <
0.05 are shown as green puncta), and those with R > 0 and a p value <
0.05 are shown as red puncta (Figure 6B). Drugs with R < 0 and a
p value < 0.01 are shown in green font and as green puncta, and
those with R > 0 and a p value < 0.01 are shown as red puncta
(Figure 8J).

Statistical Analysis

All experiments were replicated three times, and statistical analysis
was performed with SPSS 19.0. All data are shown as the mean ±

SEM. Unpaired Student’s t tests were used to analyze the statistical
significance of the differences between results. The relative expres-
sion of miRNAs or genes in tissue samples was calculated by using
a Mann-Whitney U test and/or Wilcoxon signed-rank test. Overall
survival rates were evaluated with Kaplan-Meier curves and
log-rank tests. A p value < 0.05 was defined as statistically
significant.
lls by Inhibiting the Expression of ARHGAP10

icroscopy after transfection of cells with a JC-1 fluorescence probe. (B and C) The

d E) After transfecting cells (D, MKN45; E, BGC823) with GFP-mRFP-LC3, cells

were measured in a manner similar to that described in Figure 4A (63� objective

etected in MKN45 (F) and BGC823 (G) cells by western blotting with or without

TORC1, p70s6k, p-p70s6k, BECN1, p62, p53, Bax, pan-caspase-3 (inactivated

5; I, BGC823) were assessed with western blotting. (J) Correlations between

es obtained from the GDSC database were measured. Anti-cancer drugs (IC50

e marked in green (p < 0.01), and those whose IC50 values were significantly

L) Left panels, cell viability was measured using CCK-8 assays in MKN45 (K) or

r CDDP were also calculated in MKN45 or BGC823 CDDP-sensitive cells (K) and

s an internal control. Graph represents mean ± SEM; *p < 0.05, **p < 0.01, and

https://cancergenome.nih.gov/
https://cancergenome.nih.gov/
http://www.cancerrxgene.org


Figure 9. miR-3174 Displays a Tumor-Suppressing Effect by Inhibiting ARHGAP10 In Vivo

(A) Presentative xenografts of sacrificed mice after subcutaneous injection of MKN45 cells with or without miR-3174 reconstitution and of BGC823 cells with or without miR-

3174 suppression. (B and C) The volume of each xenograft tumor wasmeasured every 7 days after injection with MKN45 cells with or without miR-3174 overexpression (B) or

BGC823 cells with or without miR-3174 inhibition (C). (D) Photograph of xenograft tumors in nude mice after subcutaneous injection of MKN45miR-3174-reconstituted cells

with or without ARHGAP10 overexpression and miR-3174-suppressed BGC823 cells with or without ARHGAP10 inhibition. The length of the photo is equal to that in (A).

(E and F) Tumor volume was calculated every seventh day after injection with miR-3174-overexpressed MKN45 cells with or without ARHGAP10 reconstitution (E) or

(legend continued on next page)
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Figure 10. Schematic Diagram Showing the Mechanism of How miR-

3174 Upregulation in GC Cells Contributes to Apoptosis and ACD

Deficiency

miR-3174 expression is upregulated in GC cells and leads to cell death defects by

directly targeting ARHGAP10, which could not only promote mitochondria-

dependent apoptosis by enhancing p53 expression, followed by Bax trans-acti-

vation and caspase cleavage, but also facilitate autophagic cell death by

suppressing mammalian target of rapamycin complex 1 (mTOC1) activity.

Molecular Therapy: Nucleic Acids
Ethics Statement

This study was approved by the Ethics Committee for Clinical
Research of The First Affiliated Hospital of Nanjing Medical
University.

SUPPLEMENTAL INFORMATION
Supplemental Information includes four figures and four tables and
can be found with this article online at https://doi.org/10.1016/j.
omtn.2017.10.008.

AUTHOR CONTRIBUTIONS
Z.X. designed and supervised the study. B.L., L.W., Z.L., and W.W.
performed all experiments. X. Zhi, X.H., and Q.Z. performed data
collection, sorting, and analysis. Z.C., X. Zhang, and Z.H. wrote the
manuscript. J.X., L.Z., and H.X. collected clinical tissue samples and
analyzed patient information. D.Z. provided technical support.

CONFLICTS OF INTEREST
The authors declare that they have no competing interests.

ACKNOWLEDGMENTS
This work was supported by the National Natural Science Foundation
Project of International Cooperation (NSFC-NIH, 81361120398); the
miR-3174-inhibited BGC823 cells with or without ARHGAP10 suppression (F). (G) Im

(200�magnification; scale bar, 200 mm). Immunohistochemistry (IHC) scores are displa

staining of ARHGAP10 in 50 GC patient tissues and paired adjacent normal tissues (400

Correlations between miR-3174 expression and the percentage of ARHGAP10-positiv

analyzed on the basis of Pearson correlation. Graph represents mean ± SEM; *p < 0.0

310 Molecular Therapy: Nucleic Acids Vol. 9 December 2017
NationalNatural Science FoundationofChina (81572362); thePrimary
Research & Development Plan of Jiangsu Province (BE2016786); the
Program for Development of Innovative Research Team in the First
Affiliated Hospital of NJMU; the Priority Academic ProgramDevelop-
ment of Jiangsu Higher Education Institutions (PAPD, JX10231801);
the 333 Project of Jiangsu Province (BRA2015474); Jiangsu Key Medi-
cal Discipline (General Surgery) (ZDXKA2016005), the Jiangsu Key
Lab of Cancer Biomarkers, Prevention and Treatment, Collaborative
Innovation Center for Cancer PersonalizedMedicine, NanjingMedical
University; the Postgraduate Research & Practice Innovation Program
of Jiangsu Province (KYCX17_1245); the National Natural Science
Foundation of China (81702369); the China Postdoctoral Science
Foundation (2016M601868); and the Postdoctoral Science Foundation
of Jiangsu Province (1701033B).

REFERENCES
1. Torre, L.A., Bray, F., Siegel, R.L., Ferlay, J., Lortet-Tieulent, J., and Jemal, A. (2015).

Global cancer statistics, 2012. CA Cancer J. Clin. 65, 87–108.

2. Kamangar, F., Dores, G.M., and Anderson, W.F. (2006). Patterns of cancer incidence,
mortality, and prevalence across five continents: defining priorities to reduce cancer
disparities in different geographic regions of the world. J. Clin. Oncol. 24, 2137–2150.

3. Ajani, J.A., D’Amico, T.A., Almhanna, K., Bentrem, D.J., Chao, J., Das, P., Denlinger,
C.S., Fanta, P., Farjah, F., Fuchs, C.S., et al. (2016). Gastric cancer, version 3.2016,
NCCN clinical practice guidelines in oncology. J. Natl. Compr. Canc. Netw. 14,
1286–1312.

4. Sasako, M., Sakuramoto, S., Katai, H., Kinoshita, T., Furukawa, H., Yamaguchi, T.,
Nashimoto, A., Fujii, M., Nakajima, T., and Ohashi, Y. (2011). Five-year outcomes
of a randomized phase III trial comparing adjuvant chemotherapy with S-1 versus
surgery alone in stage II or III gastric cancer. J. Clin. Oncol. 29, 4387–4393.

5. Ychou, M., Boige, V., Pignon, J.P., Conroy, T., Bouché, O., Lebreton, G., Ducourtieux,
M., Bedenne, L., Fabre, J.M., Saint-Aubert, B., et al. (2011). Perioperative chemo-
therapy compared with surgery alone for resectable gastroesophageal adenocarci-
noma: an FNCLCC and FFCD multicenter phase III trial. J. Clin. Oncol. 29, 1715–
1721.

6. Fuchs, C.S., Tomasek, J., Yong, C.J., Dumitru, F., Passalacqua, R., Goswami, C.,
Safran, H., Dos Santos, L.V., Aprile, G., Ferry, D.R., et al.; REGARD Trial
Investigators (2014). Ramucirumab monotherapy for previously treated advanced
gastric or gastro-oesophageal junction adenocarcinoma (REGARD): an international,
randomised, multicentre, placebo-controlled, phase 3 trial. Lancet 383, 31–39.

7. Bang, Y.J., Van Cutsem, E., Feyereislova, A., Chung, H.C., Shen, L., Sawaki, A.,
Lordick, F., Ohtsu, A., Omuro, Y., Satoh, T., et al.; ToGA Trial Investigators
(2010). Trastuzumab in combination with chemotherapy versus chemotherapy alone
for treatment of HER2-positive advanced gastric or gastro-oesophageal junction
cancer (ToGA): a phase 3, open-label, randomised controlled trial. Lancet 376,
687–697.

8. Lockshin, R.A., and Zakeri, Z. (2001). Programmed cell death and apoptosis: origins
of the theory. Nat. Rev. Mol. Cell Biol. 2, 545–550.

9. Ichim, G., Genevois, A.L., Ménard, M., Yu, L.Y., Coelho-Aguiar, J.M., Llambi, F.,
Jarrosson-Wuilleme, L., Lefebvre, J., Tulasne, D., Dupin, E., et al. (2013). The depen-
dence receptor TrkC triggers mitochondria-dependent apoptosis upon Cobra-1
recruitment. Mol. Cell 51, 632–646.

10. Deng, Z., Gao, P., Yu, L., Ma, B., You, Y., Chan, L., Mei, C., and Chen, T. (2017).
Ruthenium complexes with phenylterpyridine derivatives target cell membrane
munohistochemical staining of ARHGAP10 in xenograft tumors as shown in (A)

yed in (H); for details please see the Materials and Methods. (I) Immunohistochemical

�magnification; scale bar, 50 mm). (J) IHC scores assessed in 50 patient tissues. (K)

e cells were detected in 50 GC tissues compared with adjacent normal tissues and

5, **p < 0.01, and ***p < 0.001.

https://doi.org/10.1016/j.omtn.2017.10.008
https://doi.org/10.1016/j.omtn.2017.10.008
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref1
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref1
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref2
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref2
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref2
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref3
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref3
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref3
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref3
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref4
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref4
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref4
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref4
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref5
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref5
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref5
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref5
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref5
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref6
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref6
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref6
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref6
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref6
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref7
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref7
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref7
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref7
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref7
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref7
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref8
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref8
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref9
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref9
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref9
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref9
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref10
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref10


www.moleculartherapy.org
and trigger death receptors-mediated apoptosis in cancer cells. Biomaterials 129,
111–126.

11. Kroemer, G., Galluzzi, L., Vandenabeele, P., Abrams, J., Alnemri, E.S., Baehrecke,
E.H., Blagosklonny, M.V., El-Deiry, W.S., Golstein, P., Green, D.R., et al.;
Nomenclature Committee on Cell Death 2009 (2009). Classification of cell death: rec-
ommendations of the Nomenclature Committee on Cell Death 2009. Cell Death
Differ. 16, 3–11.

12. Klionsky, D.J., Abdelmohsen, K., Abe, A., Abedin, M.J., Abeliovich, H., Acevedo
Arozena, A., Adachi, H., Adams, C.M., Adams, P.D., Adeli, K., et al. (2016).
Guidelines for the use and interpretation of assays for monitoring autophagy (3rd
edition). Autophagy 12, 1–222.

13. Levine, B., and Yuan, J. (2005). Autophagy in cell death: an innocent convict? J. Clin.
Invest. 115, 2679–2688.

14. Gozuacik, D., and Kimchi, A. (2004). Autophagy as a cell death and tumor suppressor
mechanism. Oncogene 23, 2891–2906.

15. Maiuri, M.C., Zalckvar, E., Kimchi, A., and Kroemer, G. (2007). Self-eating and self-
killing: crosstalk between autophagy and apoptosis. Nat. Rev. Mol. Cell Biol. 8,
741–752.

16. Crighton, D., Wilkinson, S., O’Prey, J., Syed, N., Smith, P., Harrison, P.R., Gasco, M.,
Garrone, O., Crook, T., and Ryan, K.M. (2006). DRAM, a p53-induced modulator of
autophagy, is critical for apoptosis. Cell 126, 121–134.

17. Shimizu, S., Kanaseki, T., Mizushima, N., Mizuta, T., Arakawa-Kobayashi, S.,
Thompson, C.B., and Tsujimoto, Y. (2004). Role of Bcl-2 family proteins in a non-
apoptotic programmed cell death dependent on autophagy genes. Nat. Cell Biol. 6,
1221–1228.

18. Razumilava, N., Bronk, S.F., Smoot, R.L., Fingas, C.D., Werneburg, N.W., Roberts,
L.R., and Mott, J.L. (2012). miR-25 targets TNF-related apoptosis inducing ligand
(TRAIL) death receptor-4 and promotes apoptosis resistance in cholangiocarcinoma.
Hepatology 55, 465–475.

19. Xu, B., Hsu, P.K., Stark, K.L., Karayiorgou, M., and Gogos, J.A. (2013). Derepression
of a neuronal inhibitor due to miRNA dysregulation in a schizophrenia-related mi-
crodeletion. Cell 152, 262–275.

20. Martínez, C., Rodiño-Janeiro, B.K., Lobo, B., Stanifer, M.L., Klaus, B., Granzow, M.,
González-Castro, A.M., Salvo-Romero, E., Alonso-Cotoner, C., Pigrau, M., et al.
(2017). miR-16 and miR-125b are involved in barrier function dysregulation through
the modulation of claudin-2 and cingulin expression in the jejunum in IBS with diar-
rhoea. Gut 66, 1537–1538.

21. Sousa, J.F., Nam, K.T., Petersen, C.P., Lee, H.J., Yang, H.K., Kim, W.H., and
Goldenring, J.R. (2016). miR-30-HNF4g and miR-194-NR2F2 regulatory networks
contribute to the upregulation of metaplasia markers in the stomach. Gut 65,
914–924.

22. Zhao, M., Luo, R., Liu, Y., Gao, L., Fu, Z., Fu, Q., Luo, X., Chen, Y., Deng, X., Liang, Z.,
et al. (2016). miR-3188 regulates nasopharyngeal carcinoma proliferation and che-
mosensitivity through a FOXO1-modulated positive feedback loop with mTOR-p-
PI3K/AKT-c-JUN. Nat. Commun. 7, 11309.

23. Ding, L., Xu, Y., Zhang, W., Deng, Y., Si, M., Du, Y., Yao, H., Liu, X., Ke, Y., Si, J., and
Zhou, T. (2010). MiR-375 frequently downregulated in gastric cancer inhibits cell
proliferation by targeting JAK2. Cell Res. 20, 784–793.

24. Bassères, D.S., Tizzei, E.V., Duarte, A.A., Costa, F.F., and Saad, S.T. (2002).
ARHGAP10, a novel human gene coding for a potentially cytoskeletal Rho-
GTPase activating protein. Biochem. Biophys. Res. Commun. 294, 579–585.

25. Anthony, D.F., Sin, Y.Y., Vadrevu, S., Advant, N., Day, J.P., Byrne, A.M., Lynch, M.J.,
Milligan, G., Houslay, M.D., and Baillie, G.S. (2011). b-Arrestin 1 inhibits the
GTPase-activating protein function of ARHGAP21, promoting activation of RhoA
following angiotensin II type 1A receptor stimulation. Mol. Cell. Biol. 31, 1066–1075.

26. Dubois, T., Paléotti, O., Mironov, A.A., Fraisier, V., Stradal, T.E., De Matteis, M.A.,
Franco, M., and Chavrier, P. (2005). Golgi-localized GAP for Cdc42 functions down-
stream of ARF1 to control Arp2/3 complex and F-actin dynamics. Nat. Cell Biol. 7,
353–364.

27. Katoh, M., and Katoh, M. (2004). Characterization of human ARHGAP10 gene
in silico. Int. J. Oncol. 25, 1201–1206.
28. Sousa, S., Cabanes, D., Archambaud, C., Colland, F., Lemichez, E., Popoff, M.,
Boisson-Dupuis, S., Gouin, E., Lecuit, M., Legrain, P., and Cossart, P. (2005).
ARHGAP10 is necessary for alpha-catenin recruitment at adherens junctions and
for Listeria invasion. Nat. Cell Biol. 7, 954–960.

29. Borges, L., Bigarella, C.L., Baratti, M.O., Crosara-Alberto, D.P., Joazeiro, P.P.,
Franchini, K.G., Costa, F.F., and Saad, S.T. (2008). ARHGAP21 associates with
FAK and PKCzeta and is redistributed after cardiac pressure overload. Biochem.
Biophys. Res. Commun. 374, 641–646.

30. Luo, N., Guo, J., Chen, L., Yang, W., Qu, X., and Cheng, Z. (2016). ARHGAP10,
downregulated in ovarian cancer, suppresses tumorigenicity of ovarian cancer cells.
Cell Death Dis. 7, e2157.

31. Azzato, E.M., Pharoah, P.D., Harrington, P., Easton, D.F., Greenberg, D., Caporaso,
N.E., Chanock, S.J., Hoover, R.N., Thomas, G., Hunter, D.J., and Kraft, P. (2010). A
genome-wide association study of prognosis in breast cancer. Cancer Epidemiol.
Biomarkers Prev. 19, 1140–1143.

32. Stark, M.S., Tyagi, S., Nancarrow, D.J., Boyle, G.M., Cook, A.L., Whiteman, D.C.,
Parsons, P.G., Schmidt, C., Sturm, R.A., and Hayward, N.K. (2010).
Characterization of the melanoma miRNAome by deep sequencing. PLoS ONE 5,
e9685.

33. Yu, L., Alva, A., Su, H., Dutt, P., Freundt, E., Welsh, S., Baehrecke, E.H., and Lenardo,
M.J. (2004). Regulation of an ATG7-beclin 1 program of autophagic cell death by cas-
pase-8. Science 304, 1500–1502.

34. Seidel-Dugan, C., Meyer, B.E., Thomas, S.M., and Brugge, J.S. (1992). Effects of SH2
and SH3 deletions on the functional activities of wild-type and transforming variants
of c-Src. Mol. Cell. Biol. 12, 1835–1845.

35. Cheng, C.H., Yu, K.C., Chen, H.L., Chen, S.Y., Huang, C.H., Chan, P.C., Wung, C.W.,
and Chen, H.C. (2004). Blockade of v-Src-stimulated tumor formation by the Src
homology 3 domain of Crk-associated substrate (Cas). FEBS Lett. 557, 221–227.

36. Jin, M., and Klionsky, D.J. (2015). The amino acid transporter SLC38A9 regulates
MTORC1 and autophagy. Autophagy 11, 1709–1710.

37. Deng, L., Jiang, C., Chen, L., Jin, J., Wei, J., Zhao, L., Chen, M., Pan, W., Xu, Y., Chu,
H., et al. (2015). The ubiquitination of rag A GTPase by RNF152 negatively regulates
mTORC1 activation. Mol. Cell 58, 804–818.

38. Du,W., Wang, S., Zhou, Q., Li, X., Chu, J., Chang, Z., Tao, Q., Ng, E.K., Fang, J., Sung,
J.J., and Yu, J. (2013). ADAMTS9 is a functional tumor suppressor through inhibiting
AKT/mTOR pathway and associated with poor survival in gastric cancer. Oncogene
32, 3319–3328.

39. Wadhwa, R., Song, S., Lee, J.S., Yao, Y., Wei, Q., and Ajani, J.A. (2013). Gastric can-
cer-molecular and clinical dimensions. Nat. Rev. Clin. Oncol. 10, 643–655.

40. Miyashita, T., and Reed, J.C. (1995). Tumor suppressor p53 is a direct transcriptional
activator of the human bax gene. Cell 80, 293–299.

41. Yang, X., Fraser, M., Moll, U.M., Basak, A., and Tsang, B.K. (2006). Akt-mediated
cisplatin resistance in ovarian cancer: modulation of p53 action on caspase-depen-
dent mitochondrial death pathway. Cancer Res. 66, 3126–3136.

42. Huang, W., Liu, J., Feng, X., Chen, H., Zeng, L., Huang, G., Liu, W., Wang, L., Jia, W.,
Chen, J., and Ren, C. (2015). DLC-1 induces mitochondrial apoptosis and epithelial
mesenchymal transition arrest in nasopharyngeal carcinoma by targeting EGFR/Akt/
NF-kB pathway. Med. Oncol. 32, 115.

43. Yang, W., Soares, J., Greninger, P., Edelman, E.J., Lightfoot, H., Forbes, S., Bindal, N.,
Beare, D., Smith, J.A., Thompson, I.R., et al. (2013). Genomics of Drug Sensitivity in
Cancer (GDSC): a resource for therapeutic biomarker discovery in cancer cells.
Nucleic Acids Res. 41, D955–D961.

44. Zhou, H., Huang, C., and Xia, X.G. (2008). A tightly regulated Pol III promoter for
synthesis of miRNA genes in tandem. Biochim. Biophys. Acta 1779, 773–779.

45. Lu, Y., Xiao, L., Liu, Y., Wang, H., Li, H., Zhou, Q., Pan, J., Lei, B., Huang, A., and Qi,
S. (2015). MIR517C inhibits autophagy and the epithelial-to-mesenchymal (-like)
transition phenotype in human glioblastoma through KPNA2-dependent disruption
of TP53 nuclear translocation. Autophagy 11, 2213–2232.
Molecular Therapy: Nucleic Acids Vol. 9 December 2017 311

http://refhub.elsevier.com/S2162-2531(17)30269-X/sref10
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref10
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref11
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref11
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref11
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref11
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref11
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref12
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref12
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref12
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref12
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref13
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref13
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref14
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref14
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref15
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref15
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref15
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref16
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref16
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref16
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref17
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref17
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref17
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref17
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref18
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref18
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref18
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref18
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref19
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref19
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref19
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref20
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref20
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref20
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref20
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref20
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref21
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref21
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref21
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref21
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref22
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref22
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref22
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref22
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref23
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref23
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref23
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref24
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref24
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref24
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref25
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref25
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref25
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref25
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref26
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref26
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref26
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref26
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref27
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref27
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref28
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref28
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref28
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref28
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref29
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref29
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref29
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref29
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref30
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref30
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref30
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref31
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref31
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref31
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref31
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref32
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref32
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref32
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref32
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref33
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref33
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref33
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref34
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref34
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref34
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref35
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref35
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref35
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref36
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref36
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref37
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref37
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref37
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref38
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref38
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref38
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref38
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref39
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref39
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref40
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref40
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref41
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref41
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref41
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref42
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref42
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref42
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref42
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref43
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref43
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref43
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref43
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref44
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref44
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref45
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref45
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref45
http://refhub.elsevier.com/S2162-2531(17)30269-X/sref45
http://www.moleculartherapy.org


OMTN, Volume 9
Supplemental Information
miR-3174 Contributes to Apoptosis and Autophagic

Cell Death Defects in Gastric Cancer Cells

by Targeting ARHGAP10

Bowen Li, Lu Wang, Zheng Li, Weizhi Wang, Xiaofei Zhi, Xiaoxu Huang, Qiang
Zhang, Zheng Chen, Xuan Zhang, Zhongyuan He, Jianghao Xu, Lu Zhang, Hao
Xu, Diancai Zhang, and Zekuan Xu



Supplemental Figures 

 

Figure S1. Lentivirus effectiveness detection and CDDP resistant characteristics 

of cell lines validation. (a) Expression of miR-3174 was validated after infecting 

MKN45 cells with lentivirus carrying LV-miR-3174 or LV-miR-NC and BGC823 cells 

with ANTI-3174 or ANTI-NC. (b,c) CDDP resistance features of MKN45CDDP and 

BGC823CDDP cells were verified by CCK-8 cell viability assays, and IC50 of each 

cell line was showed in (d). Graph represents mean ± SEM; *=P<0.05, **=P<0.01, and 

***=P<0.001. 

 

 

 

 

 

 



 

Figure S2. Colony numbers quantitation and target genes’ siRNA effectiveness 

verification. (a) miR-3174 expression was detected after BGC823 or MKN45 cells was 

infected with lentivirus carrying LV-miR-3174 or LV-miR-NC and BGC823CDDP or 

MKN45CDDP cells was infected with lentivirus carrying ANTI-3174 or ANTI-NC. 

(b,c) The colony units in Figure 5j,k were counted, and the data were converted to 



percentages and compared with data for the control groups. (d) mRNA expression of 

ZNF471, LDOC1, CLMP and ARHGAP10 was determined respectively by RT-PCR 

after MKN45 cells were treated with their specific RNA interference sequences. (e) 

Protein levels of ARHGAP10 were detected by Western blot after transfecting MKN45 

cells with plasmids overexpressed ARHGAP10 or empty vector plasmids, and BGC823 

cells with ARHGAP10 inhibited or control plasmids. Graph represents mean ± SEM; 

*=P<0.05, **=P<0.01, and ***=P<0.001. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S3. Mitochondria membrane potential level, apoptosis and autophagosome 

quantitation. (a,b) Fluorescence intensity ratios of red vs green in Figure 8a were 

calculated in MKN45 and BGC823 cells. (c,d) Apoptotic rates in cells as mentioned in 

Figure 8b,c were quantitated and transformed to histograms. (e,f) Red and yellow 

puncta after GFP-mRFP-LC3 transfection and detection as shown in Figure 8d,e were 



also quantitated with the same method in Figure 4b. Graph represents mean ± SEM; 

*=P<0.05, **=P<0.01, and ***=P<0.001. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
Figure S4. miR-3174 and ARHGAP10 expression in xenograft tumors. (a) miR-

3174 and (b) ARHGAP10 expression in xenografts as displayed in Figure 9a was 

determined by RT-PCR. (c) Expression of ARHGAP10 was also measured in 

xenografts as showed in Figure 9d. Graph represents mean ± SEM; *=P<0.05, 

**=P<0.01, and ***=P<0.001. 

 

 

 

 



Supplemental Tables 

Table S1. Tendency of dispersion of each miRNA profile in GC, and means or 

variance values of two miR-3174 groups. The means and standard deviations of eight 

miRNAs’ expression in 50-paired gastric cancer patients, and miR-3174’s expression 

in 100-paired gastric cancer patients, and the means or variance values of miR-3174’s 

expression in two groups of survival curve or clinicopathological features analysis cut-

off by median expression. SD = standard deviation. 

 

miRNA expression in 50 paired GC tissues 

 miR-17-5p miR-19-3p 

 Normal Tumor Normal Tumor 

Mean±SD 3.00±1.79 4.02±2.26 0.53±0.46 0.73±0.57 

 miR-20a-5p miR-93-5p 

 Normal Tumor Normal Tumor 

Mean±SD 0.69±0.73 0.83±0.77 2.51±1.53 3.46±2.47 

 miR-125b-1-3p miR-148a-3p 

 Normal Tumor Normal Tumor 

Mean±SD 1.04±0.90 0.68±0.62 2.26±1.26 1.60±1.13 

 miR-4732 miR-3174 

 Normal Tumor Normal Tumor 

Mean±SD 0.09±0.07 0.06±0.05 0.08±0.06 0.13±0.08 

miRNA expression in 100 paired GC tissues 

 miR-3174 

 Normal Tumor 

Mean±SD 0.09±0.08 0.14±0.11 

miR-3174 grouping 

 miR-3174（Median） 

 High Low 

Mean 0.23 0.07 

Variance 

value 
0.0059 0.0016 



Table S2. Correlation of relative miR-3174 expression with the clinicopathological 

characteristics of 140 patients with gastric cancer. *=P<0.05, **=P<0.01, and 

***=P<0.001. 

 

 

Clinicopathological 

features 

  

Number 

 

No. of 

patients 

 

Pvalue 

   miR-

3174high 

miR-

3174low 

 

Age(y) ≥ 60 84 47 37 0.084 

 < 60 56 23 33  

Gender Male 105 56 49 0.172 

 Female 35 14 21  

Tumor size ≥ 3.0cm 84 51 33 0.002** 

 < 3.0cm 56 19 37  

Lauren’s 

classification 

Intestinal-

type 

 

92 50 42 0.154 

 Diffuse-

type 

48 20 28  

Histological grade Well 47 26 21 0.371 

 Moderately 

and Poorly 

93 44 49  

TNM stage I 31 10 21 0.005** 

 II 38 15 23  

 III 71 45 26  

T stage T1-T2 48 18 30 0.033 

 T3-T4 92 52 40  

N stage N0 55 29 26 0.604 

 N1-N3 85 41 44  



Table S3. Potential genes associated with GC cells CDDP sensitivity or resistance 

on GDSC. The correlations between gene expressions with IC50 values of CDDP in 

28 kinds of GC cells based on GDSC database were measured using Pearson correlation 

coefficient analysis in R language library followed by Z-test to acquire P-value. Genes 

meeting the following requirements were showed: P-value＜0.05. “1005” represents 

Cisplatin (CDDP) on GDSC. (the table was supplied separately as an Excel file: 

Supplemental Table S3) 

 

Table S4. Candidate drugs whose IC50 in GC cells were related to ARHGAP10 

expression in GDSC. The correlations between IC50 values of all types of anti-cancer 

drugs with ARHGAP10 expressions in 28 kinds of GC cells based on GDSC database 

were calculated using Pearson correlation coefficient analysis in R language library 

followed by Z-test to acquire P-value. Genes  meeting the following requirements 

were showed: P-value＜0.05. “1005” represents Cisplatin (CDDP) on GDSC. (the 

table was supplied separately as an Excel file: Supplemental Table S4) 

 

 

Abbreviations 

GC: Gastric cancer; miRNA: microRNA; mRNA: messenger RNA; CDDP: cis-

diamminedichloroplatinum (Cisplatin); ARHGAP10: Rho GTPase activating protein 

10; mTOC1: rapamycin complex 1; PCD: Programmed cell death; ACD: autophagic 

cell death; AP: autophagosome; AL: autolysosome; SH3 domain: SRC hoology 3 

domain; PH domain: Pleckstrin homology domain; FBS: fetal bovine serum; BECN1: 

Beclin 1; SQSTM1: sequestosome 1; RT-PCR: Quantitative real-time PCR; TEM: 

Transmission electron microscopy; DMSO: dimethyl sulfoxide; PVDF: polyvinylidene 

difluoride; HRP: horseradish peroxidase; UTR: untranslated region; ZNF471: zine 

finger 471; LDOC1: leucine zipper down-regulated in cancer 1; CLMP: CXADR like 

membrane protein; IC50: half maximal inhibitory concentration; CQ: Chloroquine; 3-



MA: 3-methyladenine; WMT: Wortmannin; MMP: mitochondria membrane potential 
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