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Background: Recent studies showed that aberrant expression of miRNAs causes tumor-
suppressing or promoting effects in various cancers including gastric cancer (GC). Our
previous studies showed that lots of miRNAs and mRNA expressed differentially in GC
and normal tissues. However, the critical miRNAs and mRNA need to be clarified.
Materials and Methods: Microarray sequencing was used to profile the differential expres-
sion of miRNAs and mRNA in GC and normal tissues. Bioinformatics analysis and database
prediction were used to search the critical miRNAs and mRNA. Real-time quantitative poly-
merase chain reaction (RT-qPCR), luciferase reporter assay, immunohistochemistry (IHC),
wound healing assay and transwell assay were used to clarify the relationship between the target
miRNAs and mRNA. Statistical analysis was used to seek their value of diagnosis and prognosis.
Results: We identified microRNA-6165 (miR-6165) as a novel cancer-related miRNA in GC
through high-throughput microarray sequencing. By bioinformatics analysis and luciferase
reporter assay, we found STRN4 was the target of miR-6165. Via a series of cell experi-
ments, we determined that miR-6165 suppressed GC cells migration and invasion by
targeting STRN4. Also, we discovered the potential diagnosis and prognosis value of miR-
6165 and STRN4.

Conclusion: It was found that miR-6165 might suppress GC migration and invasion by
targeting STRN4 in vitro, and the further research should focus more on the potential
diagnosis and prognosis value of miR-6165 and STRN4 in gastric cancer patients.
Keywords: gastric cancer, miR-6165, STRN4, migration and invasion

Introduction

Gastric cancer (GC) is one of the most common malignant tumors worldwide.'?
More than 410,000 new GC cases are diagnosed in China, ranking second among
all the cancers.” Although many strategies in the cancer treatment, including
surgery, chemotherapy, and radiotherapy treatments, have been supplied in the
cancer treatment, the effect is still very limited. Furthermore, the patients with
invasion and metastasis have poorer prognosis.*” Therefore, it is crucial to explore
the molecular mechanism underlying the progression of GC.

MicroRNAs (miRNAs) are a class of small, endogenous, noncoding RNAs, which
involve in many biological processes by regulating the expression of target mRNA..°
Aberrant expression of miRNAs causes tumor-suppressing or promoting effects in
various cancers including GC.”® MiR-6165 was reported to express in brain tumor-
derived cell lines and tissues, and overexpressing miR-6165 in brain tumor-derived
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cell line induced the cancer cell apoptosis.” Studies have
shown that the same cancer-related miRNA could be
involved in different cancers.'® "> However, little is known
about the role of miR-6165 in GC.

Striatin-4 (STRN4) belongs to the WD repeat striatin
family, and usually acts as scaffolding or signaling protein
by binding calmodulin in a calcium-dependent manner.'?
Striatin family proteins are also known to form a complex
with protein phosphatases and protein kinases, which further
regulates the signaling pathways involved in cell prolifera-
tion, differentiation, apoptosis, and transformation.'*!> 1t
was reported that silencing of STRN4 suppresses prolifera-
tion, migration, invasion, and the anchorage-independent
growth of several cancer cells.'®

In this study, we first detected miR-6165 was signifi-
cantly decreased in GC tissues and cell lines and then
determined the role of miR-6165 in GC cells migration
and invasion. Finally, we predicted and confirmed that
STRN4 is the target of miR-6165. Our findings suggest
that miR-6165 inhibits the migration, and invasion of GC
cancer cells by targeting STRN4.

Materials and Methods

Tissue Specimens

GC tissues and paired nontumor tissues were collected from
15 GC patients who underwent surgery at Peking University
People’s Hospital from 2016 to 2017. All the tissues were
immediately snap frozen in liquid nitrogen and stored at
—80°C until RNA extraction. This study was approved by
the Research Ethics Committee of Peking University
People’s Hospital. Informed consent was obtained from all
of the patients in accordance with the Declaration of Helsinki.

Cell Lines

The human GC cell lines HEK-293T, HCG-27, and AGS were
obtained from American Type Culture Collection (ATCC);
SGC-7901, BGC-823, and the human gastric epithelial cell
line GES-1 were purchased from the Chinese Academy of
Sciences Cell Bank. These cell lines (HCG-27, AGS,
SGC-7901, BGC-823 and GES-1) were routinely cultured in

Table | Primers Used for PCR in This Study

RPMI-1640 (Gibco, Invitrogen/Life Technologies, CA) sup-
plemented with 10% fetal calf serum (Gibco, Invitrogen/Life
Technologies, CA) while HEK-293T cells was cultured by
DMEM (Gibco, Invitrogen/Life Technologies, CA) added
with 8% fetal calf serum (Gibco, Invitrogen/Life
Technologies, CA), even both the supplemented DMEM and
RPMI-1640 additionally supplied penicillin (100 U/mL) and
streptomycin (100 U/mL) at the meantime. All cell lines were
cultured at 37°C with 5% CO2 and at saturated humidity.

Real-Time Quantitative Polymerase Chain

Reaction

Real-time quantitative polymerase chain reaction (RT-
gPCR) analysis Total RNA was extracted using the mir-
Vana miRNA Isolation Kit (Ambion, Austin, TX, USA) or
TRIzol reagent (Invitrogen, Carlsbad, CA, USA) according
to the manufacturers’ instructions. The RNA was reverse
transcribed into cDNA wusing the miScript Reverse
Transcription Kit (QIAGEN, Dusseldorf, Germany). RT-
qPCR was performed using the SYBR Green PCR Master
Mix (Applied Biosystems, Foster City, CA, USA) on an
ABI7500 real-time PCR system (Applied Biosystems). U6
was used as an endogenous control for normalization of
miR-6165 levels. GAPDH was used as an endogenous con-
trol for normalization. The 2-AACt method was used for the
relative quantification of gene expression. Primers for PCR
used in this study are shown in Table 1.

Cell Transfection

The miR-6165 mimics, mimic controls, miR-129-5p inhi-
STRN4 siRNA were obtained from RiboBio
(Guangzhou, China). AGS cells were plated in 12-well

bitor,

plate. After cells reached 40-60% confluence, transient
transfection was performed using Lipofectamine 2000
(Invitrogen, Carlsbad, California, USA) according to the
manufacturer’s instruction.

Luciferase Reporter Assay
3x10% HEK-293T cells were seeded in 24-well plates in
triplicate. Forty-eight hours after cotransfection with

Gene Name Forward Primer (5' — 3')

Reverse Primer (5' — 3’)

STRN4 AGGGCAGGAGAATCTAAAGACG
SLC25A32 CTTCGCCGTGAGTGATGGATT
CTTNBP2 AGCCTGAACTCCTGACACTAT
CGREFI ACGATGACAGTGTTAATCCTGC

CTTCCAGGTACTGTCGGAGAA
TCCTTGATAAAGTCCCCGTAGTC
CTGCTTTTCGCCATCATTTTTCT
CCTAGTCCCTTTAGGTAGCTCTG
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corresponding plasmids and microRNA precursors, luci-
ferase reporter assays were conducted using Dual-
luciferase reporter assay system (Promega, Madison, WI)
according to the manufacturer’s instructions. Relative luci-
ferase activity was normalized to the Renilla luciferase
internal control.

Wound Healing Assay

At 48 hrs after transfection, AGS cells were put into the
6-well plates with a density of 6x105 cells per well, and
scratches were made vertical to the outer bottom lines with
pipet tips. Then, the cells were washed, the detached cells and
debris were removed, and serum-free medium was added to
each well. Finally, the pictures were taken with an inverted
phase contrast microscope. After taking pictures, the plates
were incubated in a cell incubator at 37°C for another 24 hrs,
and the second round of pictures was taken.

Transwell Assay

For the migration assay, 1x104 cells taken 48 hrs after
transfection were resuspended in 200 pL serum-free
RPMI-1640 and added to the upper chamber of 24-well
Transwell chambers. The lower chamber was filled with
500 pL RPMI-1640 containing 10% FBS. Cells were
cultured for 24 hrs at 37°C. Then, the cells remaining on
the upper surface of the Transwell insert were removed
using cotton wool. Cells on the underside of the membrane
were fixed and stained with crystal violet (Sigma). Five
random microscopic fields per chamber were counted and
the data were averaged. For the invasion assay, the cham-
bers were pre-coated with Matrigel Basement Membrane
Matrix (BD Bioscience, San Jose, CA, USA).

Evaluation of Immunohistochemical Staining
The immunohistochemical staining results were assessed
by evaluating the mean score, which accounted for both
the intensity of staining and the proportion of tumor cells
with an unequivocal positive reaction. Each section was
independently assessed by two pathologists who were
blinded to the patient data. Positive reactions were defined
as those showing brown signals in the cell cytoplasm.
A staining index was determined by multiplying the stain-
ing intensity score by positive area score. The staining
intensity was scored as follows: 0, negative; 1, weak; 2,
moderate; and 3, strong. The proportion of positive cells
was defined as follows: 0, less than 5%; 1, 6% to 25%; 2,
26% to 50%; 3, 51% to 75%; and 4, greater than 75%.
Cases with a score among 0—6 were considered to exhibit

low expression, and those with a score among 7—12 were
regarded to exhibit high expression.

Statistical Analysis
All the data presented are the mean + SD. We used two-
tailed Student’s #-tests to make comparisons between two
different groups. One-way ANOVA was done for analyses
of continuous data. A P-value less than 0.05 was considered
statistically significant. All statistical analyses were per-
formed using SPSS software version 20.0 (SPSS, Chicago,
Mlinois, USA). GraphPad Prism 6 software (GraphPad
Software Inc., San Diego, Calif.) was used for plotting.
TCGA data were analyzed with R-3.3.2. Significantly
differentially expressed microRNAs and mRNAs were
selected according to the absolute value of log2 fold
change (Log2FC) <1 0.5 and the adjusted p-value < 0.05.

Results
Expression Profiling of miRNA and
mRNA in GC Tissues

Four paired of GC and normal tissues were used to profile the
expression of miRNA and mRNA applying miRNA micro-
array (Human miRNA Microarray, Release 21.0, 8x60K,
Agilent) and mRNA microarray (mRNA Human Gene
Expression Microarray V4.0, 4x180K, CapitalBio) respec-
tively (Figure 1A, B and Supplemental material 1, 2). Five
hundred and eighty miRNAs and 30,245 coding transcripts
(from 21,901 genes) were collected from authoritative data-
bases such as EMBL, GenBank, miRBase, TargetScan, and
miRanda. To explore valuable potential biomarkers, a more

stringent strategy (fold change > 1.5, P < 0.05)'” was exe-
cuted to filtrate these microarray data.

We identified 38 miRNAs and 3601 mRNAs differen-
tially expressed in GC tissues versus paired normal tissues.
Among them, 16 miRNAs and 3332 mRNAs were upregu-
lated, while 22 miRNAs and 269 mRNAs were downregu-
lated in GC tissues. The differentially expressed mRNAs
were analyzed by pathway enrichment, and we found many
pathways were directly or indirectly associated with the
cancer progress (Figure 1C and Supplemental material 3).

Coexpression Network to Predict Critical

miRNA and Target mRNA in GC Tissues

We selected the 38 differentially expressed miRNAs to be
subsequent research objects, and predict their target
mRNA using the database. The TargetScan and miRanda
databases predicted 246480 and 9391 target mRNAs,
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Figure | Expression profiling of miRNA and mRNA in GC tissues. (A) Heat map of differentially expressed miRNAs; (B) Heat map of differentially expressed miRNAs; (C)
Differentially expressed mRNAs were analyzed by pathway enrichment.

Notes: Red indicates high relative expression and blue indicates low relative expression. The expression of miRNAs (A) and mRNAs (B) were hierarchically clustered on the y-axis, and
the tissue samples are hierarchically clustered on the x-axis (Fold change = 1.5, p < 0.05). Expression levels are presented in red and blue, indicating upregulated and downregulated
RNAs, respectively. Numbers marked with Tand N are from four paired GC and paired normal tissues, respectively (T means GC tissues and N means normal tissues).

I 862 submit your manuscript | www.dovepress.com

OncoTargets and Therapy 2020:13

DovePress


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

Dove

Wang et al

respectively (containing repetitive individuals), and the
9250 mRNAs (Figure 2A
Supplemental material 4). Then, we took the intersected
of database predicted target mRNA and the detected dif-
ferentially expressed mRNAs from microarrays, and got
1871 mRNAs (Figure 2B).

According to the negative correlation between miRNA
and mRNA, 470 mRNA were left. Then, we analyzed the
number of connections among miRNA and mRNA, also

intersection was and

named “degree”, only the miRNA and mRNA having at
least two degrees were corralled into the network
analysis.'"®'? At last 22 miRNAs and 212 mRNAs were
brought into the co-expression network (Figure 2C and
Supplemental material 5).

In co-expression networks, each miRNA or mRNA corre-
sponds to a node, and the connected string indicates a potential
regulatory relationship between them (Figure 2D). The co-
expression network showed that one miRNA or mRNA
might correlate with one to dozens of mRNAs or miRNAs,
and the more number of connections, also named “degree”,
suggested more activities in which the miRNA or mRNA
might attend. MiR-6165 is one of the most degreed miRNA
(degree=49), and STRN4 is one of the “largest” target among
its regulated mRNA, which means STRN4 mRNA has a high
level differentially expressed (Log2FC=2.286, p<0.05) in GC.

Relative Expression and Co-Expression
Relationship of miR-6165 and Target
STRN4 mRNA in Tissues

To confirm the analysis result, we examined the expressing
changes of top four mRNA predicted in bioinformatics after
adding miR-6165 mimics and found the STRN4 was most
significantly downregulated (Figure 3A). The expressions of
miR-6165 and STRN4 mRNA in GC and normal tissues
from original microarray data were consistent in either indi-
vidual patient or average level (20.5148.39 vs 97.77+45.62,
p < 0.05; 2556.55+846.00 vs 1118.54+2.36, p=244.00)
(Figure 3B). Then, we examined their expression in other
15 pairs of GC and normal tissues by RT-qPCR, and found
that miR-6165 was significantly downregulated in GC tissues
(0.3740.04 vs 0.72+0.05, p<0.05), while STRN4 upregulated
(0.71+0.05 vs 0.48+0.05, p<0.05) (Figure 3C). We found
a consisted result from an experiment in 449 samples from
TCGA database (p<0.05) (Figure 3D). Furthermore, we
observed a significantly negative correlation among the
expression of miR-6165 and STRN4 mRNA in GC tissues
(Spearman correlation, =—1.037, p < 0.05) (Figure 3E).

MiR-6165 Suppressed GC Cells Migration

and Invasion by Targeting STRN4 in vitro
We predicted the binding region of miR-6165 and STRN4
mRNA using database (Figure 4A and Supplemental mate

rial 6) and performed a luciferase reporter assay using
miRNA-6165 precursors. Each miRNA precursor was co-
transfected with the luciferase reporters into HEK-293T
cells. Compared with the control RNA, miR-6165a and
miR-6165b reduced the luciferase reporter activity by at
least 40%. Next, we mutated the miRNA target site and
found that the transfection with miRNA-6165 precursors
had no significant effect on luciferase activity when the
corresponding target site was mutated from the Iuciferase
reporter (Figure 4A). These results suggested that miR-
6165 and STRN4 mRNA bind together in this target site.

We measured the expression quantities of miR-6165 in
different GC cell lines (SGC-7901, HCG-27, AGS, and
BGC-823) and normal gastric cell (GES) using RT-qPCR
method. Compared with GES, the expression level of miR-
6165 in all kinds of GC cells turned out to be significantly
lower (p<0.05). Considering that AGS had the lowest
expression level, this cell line was chosen for further
investigations (Figure 4B).

The AGS cells were distributed among three groups:
mimic control (NC), miR-6165 mimics (mimics), and
miR-6165 inhibitor (inhibitor). We examined the expres-
sion of miR-6165 and STRN4 using RT-qPCR method, it
showed that miR-6165 mimics or inhibitor were success-
fully transfected in AGS cells (p<0.05). We also found that
the expression of STRN4 showed corresponding changes
in different groups: when silencing miR-6165, STRN4
expression was upregulated (1.00+£0.06 vs 1.52+0.05,
p<0.05), while overexpressing miR-6165, the expression
was downregulated (1.00+£0.06 vs 0.47+0.05, p<0.05)
(Figure 4C).

The cell wound healing assay and transwell assay were
used to measure cell migrate and invasive ability. We
detected wound healing ability was enhanced in the miR-
6165 inhibitor group (0.31+0.04 vs 0.57+0.05, p<0.05),
and the ability was depressed in the miR-6165 mimic
group (0.31+0.04 vs 0.16+£0.02, p<0.05) (Figure 4D).
And similar trends were observed in the experiment of
transwell assay: overexpression of miR-6165 inhibited
the migration and invasion abilities of AGS cells (370.50
+13.25 vs 158.50+6.50, p<0.05), while the downregulation
of miR-6165 notably increased the invading cell percent
(370.90+13.25 vs 537.50+22.50, p<0.05) (Figure 4E).
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STRN4 Protein Showed a Higher

Expression in GC Tissues

We examined STRN4 protein expression in tissue arrays
containing 30 pairs of GC and normal tissues, and differ-
ent expression was detected in GC and normal tissues
(Figure 5). We next calculated the numerical value of
immunohistochemical (IHC) staining for each tissue con-
sidering both the intensity of staining and the proportion of
tumor cells with an unequivocal positive reaction. Through
analyzing the quantitative value of expression, we found
that a higher expression of STRN4 protein presented in
GC tissues (73.33% vs 20.00%, p<0.05) (Figure 5B).

The Diagnosis and Prognosis Value of
miR-6165 and STRN4 mRNA

We further evaluated the diagnostic value of these miR-
6165 and STRN4 mRNA for GC by plotting a receiver
operating characteristic curve (Figure 5C). The area under
the curve (AUC) of miR-6165 and STRN4 mRNA were
0.976 (95% CI: 0.932-1.000) and 0.833 (95% CI: 0.684—
0.982), respectively, which meant both of them had the
potential to be the detecting marker for GC diagnosis.

A survey of TCGA database showed that GC patients
with high expression of STRN4 had a poorer survival
probability among different races (p<0.05) (Figure 5D),
which suggested STRN4 expression might have great
potential to be a prognostic indicator.

Discussion and Conclusion

In recent years, the role of miRNAs in GC has attracted
much attention due to their critical role in tumor progres-
sion. In the year of 2012, Parsi et al’ firstly reported Hsa-
mir-6165 [EBI accession#: FR873488], the existence of
a conserved putative microRNA, and ultimately managed
to detect the endogenous expression of miR-6165 in several
glioma cell lines. As known, it is acknowledged that glioma
primary tumors trend to express NGFR which might be
explained indirectly by co-transcription of miR-6165 in
these cells. Moreover, these authors also concluded that
overexpressing miR-6165 in brain tumor-derived cell line
(U87) would induce the cancer cell apoptosis and coordi-
nated with significantly down-regulated predicted
target genes, including Pkdl and DAGLA; Furthermore,
Hassanlou et al* validated that miR-6165 affected the cell
cycle progression and could increase apoptosis in different
human cell lines which included HeLa, HCT116, SW480,
and HEK293T cell lines. In this study, we first identified

miR-6165 as a novel cancer-related miRNA in GC through
high-throughput microarray sequencing. By bioinformatics
analysis and luciferase reporter assay, we found STRN4
was the target of miR-6165. Via a series of cell experi-
ments, we determined that miR-6165 suppressed GC cells
migration and invasion by targeting STRN4. Moreover, we
found the potential diagnosis and prognosis value of miR-
6165 and STRN4 mRNA.

MiRNAs play various roles in biological processes,
including cell proliferation, metastasis, differentiation,
development, and apoptosis.>'> Among them, several
miRNA were reported to be related with cell invasion
and metastasis. For example, Ueda et al** found miRNA-
214 could enhance GC progress through hedgehog signal-
ing, and Liao et al** showed that miRNA-196b promoted
GC cells migration and invasion by increased vimentin,
MMP-2, and MMP-9. Our study identified a new miRNA
associated with GC, and with the in-deep study, such
cancer-related miRNAs might contribute to reveal the
ultimate problem of cancer treatment.

STRN4 was reported to directly associate with TNIK
and MAP4K4.% Yu et al*® showed TNIK gene amplifica-
tion played an essential role of in gastric cancer growth, and

Liu et al*’

found that silencing of MAP4K4 could suppress
proliferation, induces G1 cell cycle arrest and induces apop-
tosis in gastric cancer cells. Therefore, STRN4 might attend
multiple signaling pathways in GC process. Further study
needs to clarify the definitive answer.

However, this conclusion is obviously based upon
some limitations. Firstly, there was the lack of the experi-
and STRN4 mRNA in GC cells

in vivo; and secondly, we conducted miR-6165 suppressed

ment on miR-6165

GC cells migration and invasion by targeting STRN4
in vitro, as we acknowledged, these experimental methods
such as the cell wound healing assay and transwell assay is
less accurate to evaluate GC cell migrate and invasive
ability, when compared with the genes and related pro-
teins; Thirdly, since only 15 pairs of GC tissues and
adjacent normal gastric tissues were used to confirm the
expression profile of miR-6165 and STRN4 and to gener-
ate the ROC curves, the number of samples was too small
to get the potential conclusions and it is also necessary to
expand the samples to use for further confirmation.

Ultimately, we concluded that miR-6165 might sup-
press GC cells migration and invasion by targeting
STRN4 in vitro, and the potential diagnosis and prognosis
value of miR-6165 and STRN4 mRNA in GC cells should
be concentrated on in future.
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Figure 5 Expression of STRN4 protein in GC and normal tissues by Immunohistochemical staining. (A) STRN4 protein expression in tissue arrays using HE (p[10.05); (B)
A higher expression of STRN4 protein presented in GC tissues; (C) The AUC (area under the curve) of miR-6165 and STRN4 mRNA. (p < 0.05); (D) GC patients with high
expression of STRN4 had a poorer survival probability from a survey of TCGA database among different races (p <0.05).

Notes: *Means statistically significant difference (p<0.05); HE represents hematoxylin-eosin staining.
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