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Background: Recently, many microRNAs have been found to be involved in the cancer
progression including miR-125a. However, the underlying mechanisms of miR-125a in gastric
cancer (GC) remain to be completely elucidated.

Obijective: The study was to investigate the functional role of miR-125a and the expression
relevance of signal transducer and activator of transcription 3 (STAT3) and hyaluronan syn-
thase 1 (HAS1).

Method: CCK-8 assay, scratch wound healing and transwell assay were conducted to identify the
functional role of miR-125a in GC. In addition, using bioinformatics analysis, the target regulation
relationship was found in STAT3 and miR-125a. To confirm the relationship, luciferase reporter
assay was performed. More importantly, quantitative polymerase chain reaction and western blot
assay were carried out to determine the association among miR-125a, STAT3 and HAS1 in GC cells.
Results: Overexpressed miR-125a inhibited the migration and invasion of GC cells through scratch
wound healing and transwell assay, and its knockdown displayed adverse effects, but the viability
of GC cells did not show significant difference using CCK-8 assay. In addition, we identified that
the knockdown of STAT3 or HAS1 remarkably suppressed the migration and invasion abilities of
GC cells. Using bioinformatics analysis, miRTar, in particular, indicated that the 3’-untranslated
region of STAT3 binds to miR-125a with a high score. Subsequently, we also verified that STAT3
was a target of miR-125a via luciferase reporter assay. Furthermore, we found that upregulated
miR-125a expression could conspicuously constrain STAT3 expression at both protein and mRNA
levels in MKN45 and NCI-N87 cells using quantitative polymerase chain reaction and Western
blot assay, but no significant difference had been found in SGC 7901 cells. To further identify the
regulatory relationship between miR-125a and STAT3, downregulation of miR-125a in MKN45
and NCI-N87 cells was carried out, which showed that the protein and mRNA expression levels
of STAT3 were declined in two cell lines. Finally, we observed that upregulated miR-125a could
lead to the decrease of HASI at protein and mRNA levels, whereas its knockdown revealed oppo-
site effects. Meanwhile, we noticed that overexpression of STAT3 could induce the escalation of
HASI at protein and mRNA expression levels and its knockdown exhibited the adverse outcomes.
Conclusion: These findings indicated that miR-125a may control the HAS1 expression in
GC progression by targeting STAT3, which is likely to facilitate a better understanding of the
regulation mechanisms of miR-125a in GC.
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Introduction

Gastric cancer (GC), as the third most common cancer and the second leading cause
of death, is still a major public health problem worldwide.'? Despite recent progress in
the detection and management of early GC, most cases diagnosed at advanced stages
along with aggressive invasion or lymphatic metastasis are confronted with rather
low efficiency treatment, commonly operated by traditional therapies such as surgery,
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radiotherapy, chemotherapy, or chemotherapy integrated
with Chinese medicine.> Therefore, a good knowledge of
the molecular pathogenesis of this disease is urgently needed
and the identification of novel molecular biomarkers is crucial
to improve the current therapies for GC.

The microRNAs (miRNAs) are a class of small non-
coding RNAs with 18-24 nucleotides in length, which are
famous for regulating the gene expression by pairing with
the 3’-untranslated region (3’-UTR) of their target mRNAs.%7
A class of miRNAs recently discovered is involved in
important biological processes.® ! On the one hand, several
miRNAs apparently regulate cancer stemness of all stripes,
such as miR-203 for breast cancer,'! miR-124a for non-small-
cell lung cancer,'> and miR-7 for prostate cancer.'” On the
other hand, accumulating evidence strongly suggests that
aberrant miRNAs expression could play a role in the growth
and metastasis of various human cancers including GC.'*!3
miR-125a is well known in a variety of human cancers,
including hepatocellular carcinoma,' non-small-cell lung
cancer,” and so forth. As for GC, miR-125a was reported
to inhibit tumor proliferation and angiogenesis by targeting
human epidermal growth factor receptor-2?! and vascular
endothelial growth factor A.??> Obviously, it is probable that
other target genes of miR-125a are involved in mediation
of GC progression. It is worth noting that previous studies
have identified that miR-125a could directly target signal
transducer and activator of transcription 3 (STAT3) in
cervical® and lung carcinoma.?* STAT3, as a member of the
STAT protein family, is a transcription factor, encoded by the
STAT3 gene in humans.?? Existing reports have revealed that
STATS3 governs the progression of GC, such as cell prolifera-
tion, migration, metastasis, and invasion.?”? It was, therefore,
tempting to speculate that the roles of miR-125a in GC may be
related to STATS3. In other respect, STAT3 expression level
has been found to be closely involved in CD44 in GC,* which
is connected with hyaluronan synthase 1 (HAS1).3! HASI
pertains to one of three hyaluronic acid (HA) synthases that
synthesize HA*? and has been widely reported to serve as a
modulator in tumors.**3 As recently reported, HA-coated
nanoparticles could significantly inhibit tumor growth in GC
stem cells.*® Nevertheless, little is known about the relation-
ship between STAT3 and HAS1 in GC. Therefore, it is of
great interest to investigate regulation associations among
miR-125a, STAT3, and HAS1 in GC cells, probably provid-
ing novel insights into the molecular mechanism underlying
the miR-125a-induced suppression of tumorigenic properties
in GC cells. In our study, we investigated the role of miR-125a
targeting STAT3 in GC cell lines and the relationship between

STAT3 and HASI. Primarily, the transfection concentration
of miR-125a mimic in GC cell lines was optimized. After that,
the functional role of miR-125a in the viability, migration, and
invasion of GC cells was determined. Through overexpres-
sion or knockdown experiments in miR-125a, STAT3, and
HASI, respectively, miR-125a targeting 3’-UTR of STAT3
was also verified by dual luciferase reporter assay, and their
regulatory relationship was also analyzed in GC cells through
quantitative polymerase chain reaction (qQPCR) and Western
blot assays. In addition, we further investigated the association
between miR-125a and HAS1, so did the STAT3 and HAS1
via qPCR and Western blot assay.

Materials and methods

Cell lines and cell culture

Human GC cell lines, MKN45, SGC7901, and NCI-N§7,
were purchased from Conservation Genetics Chinese Acad-
emy of Sciences Cell Bank (Shanghai, China). All the cell
lines were cultured in DMEM (Hyclone, Logan, UT, USA).
Both media contained 10% FBS (Thermo Fisher Scientific,
Inc., Waltham, MA, USA) and cells were maintained at 37°C
in a humidified atmosphere with 5% CO,.

Transfection

The chemically synthesized miR-125a mimics or inhibitor,
and negative control (NC) were purchased from RiboBio
(Guangzhou, China). The siRNA of STAT3 or HAS1, and NC
were also obtained from RiboBio. The pcDNA-STAT3 was
obtained from Sino Biological Inc (Beijing, China) and pcDNA
3.1 from Promega (Madison, WI, USA). Then, transfection
with the indicated plasmids was mediated using Lipofectamine
2000 according to the manufacturer’s protocol. The cell post
transfection was then prepared for the following assays.

RNA extraction and qPCR analysis

Total RNA was extracted from cultured cells using TRIzol
(Invitrogen; Thermo Fisher Scientific, Inc.) following the
manufacturer’s instructions. The RNAs were reversely
transcribed into complementary DNA (cDNA) using the
RevertAidTM H Minus First Strand cDNA synthesis Kit
(Takara, Otsu, Japan). As for miRNAs, the cDNA was syn-
thesized using miScript Reverse Transcription Kit (Qiagen).
qPCR was performed using the SYBR PrimeScript qgPCR
kit (Takara) in a CFX Connect™ qPCR Detection System
(BIO-RAD Laboratories, Inc., Berkeley, CA, USA) accord-
ing to the manufacturer’s instructions. U6 for miR-125a
and GAPDH for STAT3 and HAS1 were separately used as
internal control. The specific primers were as follow: miR-
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125a forward 5-GCGACTCCCTGAGACCCTTTAA-3" and
universal primer 5-GCGAGCACAGAATTAATACGAC-3’;
U6, forward 5-CTCGCTTCGGCAGCACA-3" and universal
primer 5-GCGAGCACAGAATTAATACGAC-3"; STAT3,
forward 5'-GGAGGAGGCATTCGGAAAG-3" and reverse,
5-TCGTTGGTGTCACACAGAT-3";HASI1, forward 5’-GTA
GGGGCTGTTGGTGGGGAC-3" and reverse 5-TGAG
CATGCGGTTGGTGAGGT-3"; GAPDH, forward 5’-CGG
AGTCAACGGATTTGGTCGTAT-3"andreverse 5'-AGCCT
TCTCCATGGTGGTGAAGAC-3". All reactions were per-
formed in triplicate.

The optimization of transfected

concentrations of miR-125a mimic

The optimization of transfected concentrations of miR-125a
mimic was performed in MKN45 cells using qPCR. Briefly,
cells were separately transfected with miR-125a mimic at
concentrations of 0, 10, 30, 50, and 70 nM. After 48 hours
of transfection, the relative expression of miR-125a was
determined and calculated by qPCR.

Cell viability assay

Cell viability was measured using a Cell Counting Kit-8
(CCK-8; Dojindo Molecular Technologies, Inc., Kumamoto,
Japan) following the manufacturer’s protocol. Cells were
transfected with miR-125a mimic at an optimal concentration
or miR-125a inhibitor, and the corresponding NC mimic or
NC inhibitor. The culture medium was replaced with DMEM
containing 20% CCK-8 solution at 48 hours post transfection.
Then, the optical density was measured at a wavelength of
450 nm using Multiskan FC (Thermo Fisher Scientific, Inc.).
Based on the calculated number of viable cells, the growth
curve was obtained.

Scratch wound healing assay

MKN45, SGC7901, and NCI-N87 cells were grown on
plastic six-well plates at the density of 5x10° cells per well
and cultured for 12 hours. Uniform wounds were scraped by
a sterile pipette tip after transfection with miR-125a mimic
or miR-125a inhibitor, and NC mimic or NC inhibitor for
24 hours. The wound closure was observed by microscope
and photographed at 0, 24, and 48 hours after scratching.

Cell invasion assay

Transwell assay was performed to observe the invasive prop-
erty of GC cells. Cells were cultured in serum-free DMEM
after transfection for 48 hours. Cells were plated into the

upper chamber that consisted of transwell-precoated Matrigel
membrane filter (8 wm) and inserted pore in culture plates.
After incubation for 48 hours, the cells remaining on the
upper membrane were removed with cotton swabs, whereas
those that had invaded through the membrane were fixed in
4% polyformaldehyde and stained with 0.1% crystal violet
for 20 minutes at 4°C. The numbers of invaded cells on the
lower chamber were calculated using photographic images. All
experiments were performed at least three times independently.

Western blot analysis

Protein concentration was determined by Western blot
analysis. Total cells were rinsed with ice-cold phosphate-
buffered saline (cas. no P0013, Beyotime Biotechnology,
Shanghai, China) and were boiled in SDS-sample buffer.
Proteins from each sample (80 pg) were resolved by elec-
trophoresing on 10% SDS-PAGE gels and then transferred
onto polyvinylidene fluoride (PVDF) membrane (EMD Mil-
lipore, Billerica, MA, USA). The membrane was blocked
for 60 minutes with 5% skim milk at room temperature,
incubated with the primary antibody STAT3 (cas. no 9139s,
1:1,000, CST), GAPDH (cas. no AC001, 1:1,000, ABclonal)
overnight at 4°C, and then incubated with corresponding
secondary antibody (rabbit anti-mouse, cas. no 72293,
1:10,000, ABclonal) at 37°C for 1 hour. The PVDF mem-
brane was developed using Immobilon western chemilumi-
nescent HRP substrate (cas. no WBKLS0100, Millipore).
Finally, Bio-Rad Gel Doc XR + system (Bio-Rad, Hercules,
CA, USA) was employed to visualize the band.

Luciferase activity assay

Luciferase reporter assay was performed in MKN45,
SGC7901, and NCI-N87 cells to verify if STAT3 was a direct
target of miR-125a. The wild-type (WT) and mutant-type
(MT) vectors of STAT3 3’-UTRs were separately cloned
into a PGL-3 control vector (Promega). The sequences
were listed as follow: WT 3’-UTR, forward 5'-CGGGGTA
CCTCCTTTGTAATGTATTGGCC-3" and reverse
5’-CCGCTCGAGCACAGAAACTCTGATCAGCTG-3’;
MT 3’-UTR, forward 5-CGACGTGTCTGGTTGAGA-
ATATGGTTCTTAGCCAGTTTC-3" and reverse
5’-GGCTAAGAACCATATTCTCAACCAGACACGTC-
GCTGGG-3’". Cells were transfected with pGL3-WT-3'-
UTR-STAT3 or pGL3-Mut-3’-UTR-STAT3 together with
miR-125a mimic, miR-125a inhibitor, or control vector
(VT). The pRL-TK vector was used as an internal control
to normalize the transfection efficacy. After 48 hours of
co-transfection, luciferase activity was measured using a
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dual-luciferase reporter assay system (Promega) according
to the manufacturer’s instructions.

Statistical analysis

All in vitro experiments were performed in triplicate.
Two-way ANOVA was applied for luciferase reporter
assay. Unless otherwise mentioned, one-way ANOVA was
employed to analyze the difference in multiple groups (>2).
All statistical calculations and analyses were performed using
GraphPad Prism 5.0 software (GraphPad Software, Inc.,
La Jolla, CA, USA). Data are presented as the mean £ SD.
P<0.05 was considered to indicate a statistically significant
difference.

Results
The optimal transfection concentration
of miR-125a mimic in MKN45 cells

In MKN45 cells, we observed that the expression of miR-
125a reached the top when miR-125a mimic at a concentra-
tion of 50 nM among different concentrations (Figure 1,
P<0.05).

miR-125a inhibited the migration and
invasion of MKN45, SGC7901, and
NCI-N87 cells without altering the cells
viability in vitro

Our data identified that miR-125a did not significantly
affect the viability of MKN45, SGC7901, and NCI-N87
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Figure | The optimal transfection concentration of miR-125a mimic was identified
by qPCR.

Notes: Error bars represented SD obtained from three independent experiments
and all the data are shown as mean + SD. Comparison of multiple groups was
analyzed by one-way ANOVA. ¥*pP<0.001.

Abbreviations: miRNA, microRNA; qPCR, quantitative polymerase chain reaction.

cells in vitro through CCK-8 assay (Figure 2A). Recipro-
cally, wound healing and transwell assay suggested that the
migration and invasion abilities were obviously suppressed
in the three cell lines transfected with miR-125a mimic when
compared with NC group, but advanced in cells treated
with miR-125a inhibitor. In addition, in order to investigate
if miR-125a showed GC suppressive effect by STAT3,
we examined these functional assays in cells treated with
si-STAT3. Cells with si-STAT3 evidently attenuated the
migration and invasion compared with NC siRNA group,
which showed similar phenotype to the results in miR-125a
mimic group, so was the case in si-HAS1 group (Figure 2B
and C). Thereinto, the confirmation of HAS1 reduction in
si-HAS1 experiment at mRNA and protein levels is presented
in Figure S1.

STAT3 was a target of miR-125a in
GC cells

Based on the bioinformatics analysis, miR-125a target genes
were identified using four web-based bioinformatics algo-
rithms: microRNA.org (http://www.microrna.org/microrna/

home.do), miRDB (http://mirdb.org/), TargetScan Human
(http://www.targetscan.org/vert), and miR Tar (http://mirtar.

mbc.nctu.edu.tw/human/), which predict miRNA-binding
sites based on complementarity to the nucleotide sequence
of the miRNA. The algorithms used identified highly
complementary sites. The results of miRTar indicated that
the 3’-UTR of STAT3 binds to miR-125a with a high score.
Beyond this, previous studies have evidenced that miR-125a
could directly target STAT3.%?* Our luciferase activity assay
was also consistent with previous results. As shown in Figure
3A, the putative miR-125a could bind to the sequence of
STATS3 in the 3’-UTR. Furthermore, our results indicated
that luciferase activity of miR-125a mimic group was obvi-
ously reduced in WT 3’-UTR of STAT3 group, and miR-
125a inhibitor group was dramatically increased (Figure 3B,
P<0.01). Nevertheless, it was not significantly altered in
cells with MT 3’-UTR of STAT3 group. In addition, qPCR
and Western blot assay suggested that mRNA and protein
expression levels of STAT3 were decreased in MKN45
and NCI-N87 cells treated with miR-125a mimic groups
compared with the NC mimic groups, but no significant
difference had been found in SGC7901 cells (Figure 3C,
P<0.05). To further verify the relationship between miR-
125a and STAT3, MKN45, and NCI-N87 were chosen and
transfected with miR-125a inhibitor, separately. Compared
with the NC group, we observed that the mRNA expression
and protein level of STAT3 were significantly upregulated
in two cell lines (Figure 3D, P<<0.05). In the meantime, as
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an additional support, we found that STAT3 overexpres-
sion contributed to the reduction of miR-125a expression
in MKN45 and NCI-N87 cells, implying that STAT3 could
rescue the effect of miR-125a (Figure S2). These results
suggested that miR-125a could inversely regulate the expres-
sion of STAT3.

STAT 3 upregulates HAS| expression

To identify the association between STAT3 and HASI,
MKN45 and NCI-N87 cell lines were selected since the
outcomes of STAT3 in SGC7901 cells was not significant
in overexpression experiment of miR-125a. Primarily, our
data suggested that mRNA and protein levels of HASI in
two cell lines were obviously reduced after transfection
of miR-125a mimic, while increased after transfection of
miR-125a inhibitor (Figure 4A and B, P<<0.05). Further
experiments were carried out with overexpression of
STAT3 in two cell lines and the results showed that mRNA
and protein levels of HAS1 were promoted (Figure 4C,
P<0.05), whereas inverted results were obtained with
the knockdown of STAT3 in MKN45 and NCI-N87 cells
as displayed in Figure 4D (P<0.05). Conjointly, it could
be concluded that STAT3 expression was linked with
HASI1 expression and overexpression of STAT3 promoted

HAST expression in GC cells, but its knockdown showed
opposite effects.

Discussion

Important studies have been made in cancer treatments like
surgery, radiotherapy, chemotherapy, or Chinese medicine
treatments,>>373% but current treatments for GC still remains
to be improved because patients often suffer from tumor
recurrence.® It is therefore important to determine the
pathogenesis of GC. To date, numerous miRNAs have been
discovered as important regulators in biological processes by
binding to the 3-UTR of their target genes.* 1 Many miRNAs
have been reported to play essential roles in the tumorigenesis
and development of various human cancers.'*!® Previous
studies have reported that miR-125a is commonly aberrantly
expressed in a variety of human cancers.!'***4# In particu-
lar, miR-125a has also been found to be closely connected
with GC. For example, Nishida et al revealed that miR-125a
could inhibit GC development by targeting human epidermal
growth factor receptor-2.2! Another example is that miR-125a
probably targets vascular endothelial growth factor A to influ-
ence the progression of GC.>> STAT3 is a well-characterized
transcription factor that has been identified as target gene of
miR-125a in certain cancers, such as cervical cancer and lung
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Figure 2 (Continued)
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Figure 2 miR-125a inhibited the migration and invasion of MKN45, SGC7901, and NCI-N87 cells without altering the cells viability in vitro.

Notes: (A) CCK-8 assay suggested that the viability of MKN45, SGC7901, and NCI-N87 cells in vitro had no significant difference in miR-125a overexpression or
knockdown experiments. (B) Scratch wound healing assays and (C) transwell assay indicated that overexpressed miR-125a repressed the migration and invasion abilities of
MKN45, SGC7901, and NCI-N87 cells, but advanced in cells treated with miR-125a inhibitor. Meanwhile, we identified that the knockdown of STAT3 or HASI remarkably
suppressed the migration and invasion abilities of GC cells. Error bars represented SD obtained from three independent experiments and all the data are shown as mean + SD.

Comparison of multiple groups was analyzed by one-way ANOVA.

Abbreviations: CCK-8, cell counting kit-8; GC, gastric cancer; HASI, hyaluronan synthase |; miR, microRNA; NC, negative control; STAT3, signal transducer and activator

of transcription 3.

carcinoma.?>?** However, little research has been conducted
to show the roles of miR-125a targeting STAT3 in GC.
Additionally, STAT3 has been reported to be closely related
to CD44 in GC,** and an existing study suggested that CD44
is influenced by HAS1.3' HAS1 pertains to one of three HA
synthases that synthesize HA,*? which is widely reported
as a modulator in tumors.***** Existing evidence has shown
that upregulated HA-coated nanoparticles could promote the

progression of GC stem cells.* It was thus conjectured that
regulation association among miR-125a, STAT3, and HAS1
was one of the contributors to GC cells, which promoted us
to conduct this work.

In our study, we primarily determined the optimal trans-
fection concentration of miR-125a mimic in GC cells. The
functional assays suggested that despite without altering
the viability of GC cells, overexpression of miR-125a
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Tumor suppressor miR-125a inhibits migration

STAT3 ‘

T

HAS1 [

Figure 5 Schematic diagram of the proposed mechanism. miR-125a restrains cell migration and invasion by targeting STAT3 to regulate HASI in gastric cancer cells.
Abbreviations: HASI, hyaluronan synthase |; STATS3, signal transducer and activator of transcription 3.

constrained the migration and invasion abilities of GC cells.
Meanwhile, its knockdown facilitated those abilities. In fact,
some evidence has indicated that ectopic expression of miR-
125a-5p substantially inhibited the GC progression.?!#* More
importantly, we identified that the knockdown of STAT3
or HAS1 in GC cells obviously inhibited the migration and
invasion abilities. Using bioinformatics analysis, we found
that the 3’-UTR of STAT3 binds to miR-125a with a high
score. To further identify the association, luciferase assay was
conducted, which demonstrated that miR-125a could directly
target 3’-UTR of STAT3. Our result was also in accordance
with previous studies.?*?* In addition, the overexpression of
miR-125a resulted in the reduction of STAT3 in MKN45
and NCI-N87 cells treated with miR-125a mimic groups, but
no significant difference had been found in SGC7901 cells.
In order to further identify the relationship between miR-
125a and STAT3, MKN45 and NCI-N87 were chosen and
transfected with miR-125a inhibitor, which indicated that the
STAT3 mRNA expression was significantly upregulated as
well as at protein level in two cell lines. These findings may
suggest that miR-125a could inversely regulate the STAT3
expression in GC cells. In addition, the association of miR-
125a and HAS1 was analyzed in MKN45 and NCI-N87
cells using qPCR and Western blot assays, which indicated
that the mRNA and protein levels of HAS1 were decreased
in cells transfected with miR-125a mimic groups, while
increased in miR-125a knockdown experiment. Furthermore,
the relationship between STAT3 and HAS1 was explored.
We observed that HAS1 expression was obviously enhanced
in cells transfected with pcDNA STAT3 and reduced after
transfection of STAT3 siRNA, which sug