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MicroRNA-96 expression induced by low-dose cisplatin
or doxorubicin regulates chemosensitivity, cell death and
proliferation in gastric cancer SGC7901 cells by targeting FOXO1
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Abstract. MicroRNA-96 (miR-96) is transcriptionally
associated with the induction of chemoresistance following
chemotherapy by targeting to FOXO1 mRNA at one of two
predicted binding sites in its 3'-untranslated region sequence.
The upregulation of miR-96 is associated with a high risk
of chemoresistance. Nevertheless, the mechanism by which
miR-96 is upregulated remains largely undefined. In the
present study, the gastric cancer SGC7901 cell line was
treated with different doses of the chemotherapeutic agents
cisplatin and doxorubicin. miR-96 expression was analyzed by
reverse transcription-quantitative polymerase chain reaction
at different time points. Western blot and chromatin immu-
noprecipitation were performed to analyze the expression
levels of the target gene. The effects of miR-96 on chemosen-
sitivity were assessed by a carboxyfluorescein succinimidyl
ester/propidium iodide labeling assay, and its effects on prolif-
eration were assessed by Cell Counting Kit-8 or EdU staining
assays. The results demonstrated that treatment with a low
dose of either chemotherapeutic agent induced miR-96 expres-
sion. Upregulation of miR-96 caused the post-transcriptional
repression of FOXO1 expression. Decreases in FOXOLI protein
levels led to a decrease in the transcriptional activity of the
cyclin-dependent kinase inhibitor 1A (CDKNI1A, also known
as p21) promoter region, and thus the expression of p21 was
downregulated in a tumor protein p53-independent manner.
As a result, induction of miR-96 expression caused chemore-
sistance and promoted proliferation in SGC7901 cells. Taken
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together, the results of the present study revealed that treat-
ment with cisplatin or doxorubicin could induce expression of
miR-96 at certain doses. Upregulation of miR-96 is partially
associated with chemoresistance and miR-96 can also promote
cell proliferation by repressing p21.

Introduction

MicroRNAs (miRNAs/miRs) are a novel class of non-coding
RNAs that post-transcriptionally regulate gene expression
via translational inhibition or direct degradation of the target
RNAs (1). More than 30% of all mRNAs are predicted to be
targeted by miRNAs (2). miRNAs can negatively or positively
regulate not only the physiological processes, but also the
critical pathways of carcinogenesis, including cellular prolif-
eration, colony formation, apoptosis and migration (3).

Gastric cancer is one of the most prevalent human cancer
types, and is particularly common in the Far East region,
including China (4), and is the second-leading cause of global
cancer-associated mortality. For the past few decades, surgical
resection with chemoradiation has been used to improve
the 1- and 5-year survival rates (5,6). However, the majority
of gastric cancer cases are not diagnosed until they reach
advanced or metastatic stages, which markedly decreases
the 1- and 5-year survival rates, owing to the increased
chemoresistance of metastatic disease (7). Although novel
chemotherapeutic agents have been used clinically, the median
survival time remains <1 year (8). Thus, further research is
required to investigate the mechanisms of chemoresistance
reversal.

Recent studies have revealed data concerning the
involvement of miRNAs in carcinogenesis and increases
in chemoresistance. Among these miRNAs, miR-96 has
recently been demonstrated to be involved in the invasive and
metastatic potential of several types of carcinoma, including
hepatocellular carcinoma (9), breast cancer (10), lung
cancer (11), pancreatic cancer (12) and bladder cancer (13).
One previous report has indicated that miR-96 has a notable
role in the induction of chemoresistance (14). In non-small
cell lung cancer cells, miR-96 was found to be a critical


https://www.spandidos-publications.com/10.3892/ol.2018.9122
https://www.spandidos-publications.com/10.3892/ol.2018.9122
https://www.spandidos-publications.com/10.3892/ol.2018.9122

LANG et al: miR-96 REGULATES CHEMOSENSITIVITY IN SGC7901 CELLS

inducer of cisplatin chemoresistance (14). In breast cancer,
miR-96 was markedly upregulated in breast cancer cells and
tissues following chemotherapy (15). The wide involvement of
miR-96 promoted a focus on the association of this miRNA
with chemoresistance in gastric cancer.

In the current study, the expression of miR-96 in gastric
cancer cells following chemotherapeutic treatment was quanti-
fied at different doses and time points to assess its expression
pattern under different conditions. It was determined that
miR-96 expression was likely to be promoted by chemo-
therapeutic treatment and thus decreases the expression level
of forkhead box protein Ol (FOXOL1) by targeting FOXO1
miRNA directly, which is consistent with one previous report
demonstrating that miR-96 post-transcriptionally regulates
FOXOI (16). This reduced the expression of cyclin-dependent
kinase inhibitor 1A (CDKI1A, also known as p21), without
disturbing that of tumor protein P53 (hereafter p53).

Materials and methods

Cell culture. The human gastric carcinoma SGC7901 cell line
(Type Culture Collection of the Chinese Academy of Sciences,
Shanghai, China) was used in the present study. Cells were
cultured in RPMI-1640 medium (Life Technologies; Thermo
Fisher Scientific Inc., Waltham, MA, USA) supplemented with
10% fetal bovine serum (FBS; Life Technologies; Thermo
Fisher Scientific Inc.) at 37°C in an incubator with 5% CO,.

miRNA mimics and short hairpin RNA (shRNA) cell
transfection. miRNA mimics and modified antisense oligo-
nucleotide (antago)-miRNA, with scrambled miRNA and
scrambled antago-miRNA as negative controls respectively,
were synthesized and purchased (Guangzhou RiboBio
Co., Ltd., Guangzhou, China). Plasmids coding for shRNA
targeting human FOXOI1 and scrambled shRNA as negative
control were purchased from Guangzhou RiboBio Co., Ltd.
SGC7901 cells were seeded into six-well plates with a starting
cell number of 1x10°, without serum and antibiotics. miRNA
mimics or antago-miRNA were transfected into cells at a
concentration of 50 nmol/l using Lipofectamine RNAIMAX
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocol. For shRNA plasmid transfection,
0.8 pg plasmid for each well was transfected into SGC7901
cells using Lipofectamine® 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocol.
After 6 h incubation, the medium were replaced with fresh
medium containing 10% FBS. A total of 48 h later, all cells
were harvested for further analysis.

Reverse transcription-quantitative polymerase chain
reaction (RT-gPCR). For quantitative measurement of target
microRNAs, TagMan microRNA assay kit containing specific
primers; miR-96 forward, 5'-TTTGGCACTAGCACAT-3'
and reverse, 5'-GAGCAGGCTGGAGAA-3'; Let-7a forward,
5"TGAGGTAGTAGGTTGTGTGGTT-3' and reverse, 5-GCT
GTCAACGATACGCTACCTA-3"; miR-9 forward, 5'-GGT
CCTGGATCCCATCTTTT-3' and reverse, 5'-GCGCAGTGT
ATGGGGTTATT-3"; B-actin forward, 5'-CATGTACGTTGC
TATCCAGGC-3'andreverse,5-CTCCTTAATGTCACGCAC
GAT-3' (Applied Biosystems; Thermo Fisher Scientific, Inc.)
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were used for selected miRNAs, including miR-96, Let-7a and
miR-9, in accordance with the manufacturer's protocol. Let-7a
and miR-9 were used as negative controls, as their expression
levels are constant during chemotherapy (17). B-actin was
used as reference. In brief, total RNA was isolated from the
target cells using a mirVana miRNA Isolation kit (Ambion;
Thermo Fisher Scientific, Inc.). A total of 100 ng total RNA
was used as template in each reaction with miRNA-specific
RT primers. The reaction was incubated for 30 min at 37°C.
Next, the cDNA was used as a template following the qPCR
instructions. Thermocycling conditions were as follows: 20 sec
at 95°C (enzyme activation), and 40 cycles of 5 sec at 95°C
(denaturation) and 30 sec at 60°C (annealing and extension).
For data analysis, the 2224 method was performed (18).

EdU staining. An EdU detection kit (Guangzhou RiboBio
Co., Ltd.) was used according to the manufacturer's protocol.
A total of 1x10°SGC7901 cells were incubated with 50 uM
EdU labeling medium (provided with the kit) at 37°C for 2 h.
Following immobilization, staining with Apollo® 567 solution
(provided with the kit) for 30 min at 37°C and Hoechst 33342
solution (provided with the kit) for 30 min at 37°C, cells were
imaged under a X71 (U-RFL-T) fluorescence microscope
(Olympus Corporation, Tokyo, Japana).

Western blot analysis. Cells were lysed using Cell Lysis
buffer (Beyotime Institute of Biotechnology, Shanghai, China)
that contained 1 mM phenylmethylsulfonyl fluoride and 1X
protease inhibitors cocktail (Roche Applied Science, Penzberg,
Germany). Following quantification using a bicinchoninic acid
assay kit (Sigma-Aldrich, Merck KGaA, Darmstadt, Germany),
a total of 20 ug protein were subjected to 10% SDS-PAGE
on 10% polyacrylamide gel. The resolved proteins were
transferred onto a polyvinylidene difluoride membrane (EMD
Millipore, Billerica, MA, USA), which was then blocked with
5% non-fat dried milk in TBS-Tween-20 buffer (0.1%) for
1 h at room temperature prior to incubation overnight at 4°C
with primary antibodies. Rabbit polyclonal antibodies against
human FOXOI (cat no. ab39670), p21 (cat no. ab129520), p53
(cat no. ab131442) and fB-actin (cat no. ab8227) were obtained
from Abcam (Cambridge, UK) at a dilution of 1:2,000. The
membrane was then washed three times with TBS containing
0.05% Tween-20 prior to incubation for 1 h at room tempera-
ture with horseradish peroxidase-conjugated goat anti-rabbit
antibodies IgG H&L (Abcam; cat no. ab6721) at a dilution of
1:5,000. Immune complexes were detected with chemilumi-
nescence reagents (EMD Millipore, MA, USA).

Chromatin immunoprecipitation (ChIP). The ChIP kit
(Upstate Biotechnology, Inc., Lake Placid, NY, USA) was used
to conduct the ChIP assay. A total of 1 ug/ml cisplatin with
or without 10 #M pifithrin-o (PFT-a) was added to regular
medium for 24 h incubation. Then, 2x10° cells were fixed
with 1% formaldehyde for 15 min at room temperature and
quenched by adding glycine at final concentration of 125 mM.
Cell pellets were resuspended in SDS lysis buffer (Guangzhou
RiboBio Co., Ltd.) for a further 10 min incubation at room
temperature. The sheared DNA using sonication was diluted
10-fold in ChIP dilution buffer (Guangzhou RiboBio Co., Ltd.)
and incubated with the FOXOI antibody (Abcam; cat no.39670)
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at final concentration of 100 ng/ul (1:1,000), 4°C with rocking
for 12 h. Following the elution and reverse-crosslinking step,
the eluent was used for qPCR using the SYBR® Premix Ex
TaqTM kit (Takara Biotechnology Co., Ltd., Dalian, China)
with the following primers: p21 promoter region forward,
5'-CCTTTCTATCAGCCCCAGAGGATACC-3' and reverse,
5'-GGGACGTCCTTAATTATCTGGGGTC-3'; DHFR
3" untranslated region forward, 5'-CTGATGTCCAGGAGG
AGAAAGG-3' and reverse, 5"AGCCCGACAATGTCAAGG
ACTG-3"; p-actin forward, 5'-CATGTACGTTGCTATCCA
GGC-3' and reverse, 5-CTCCTTAATGTCACGCACGAT-3,
[-actin was used as reference. Thermocycling conditions were
as follows: 20 sec at 95°C (enzyme activation), followed by
40 cycles of 5 sec at 95°C (denaturation) and 30 sec at 60°C
(annealing and extension). The data was analyzed using the
2-44C method (18).

Cell death rate assay. Cell death caused by chemothera-
peutic treatment (1 pg/ml cisplatin or 1 gmol/l doxorubicin
co-incubation for 24 h) was tested for lytic activities using
a carboxyfluorescein succinimidyl ester (CFSE)/propidium
iodide (PI) labeling assay. Prior to chemotreatment, cells were
labeled with 5 M CFSE (Sigma-Aldrich; Merck KGaA) for
10 min at 37°C in PBS. This process was halted by changing
the supernatant for fresh medium containing chemoagent
as indicated (1 pg/ml cisplatin or 1 ymol/l doxorubicin).
Following chemotherapeutic treatment, cells were incubated
with 5 ug/ml PI (Sigma-Aldrich; Merck KGaA) at 37°C
for 10 min. To assess the cell death rate of SGC7901 cells
following 1 pg/ml cisplatin or 1 gmol/l doxorubicin treatment
after 24 h, all cells were pre-stained with CFSE. After 24 h, all
cells were incubated with 5 ug/ml PI at 37°C for 10 min, and
dead cells were positively stained.

Cell death rate analysis using flow cytometry. Cells were
diluted into 1x10° cells/ml, fixed with ice-chilled 75% ethanol
in 1X PBS overnight at 4°C and rinsed three times with PBS
(5 min each). The cells were analyzed with a flow cytometer
following staining with 1 ml PI (including RNase) for 30 min
at room temperature. The excitation wavelength 488 nm and
the wavelength of emitted light was >630 nm. The software
Cell Quest and Modfit LF (version 3.0; BD Biosciences,
Franklin Lakes, NJ, USA) were used to assay the cell death
rate of 10,000 cells.

Cell Counting Kit-8 (CCK-8) assay. Target cells were trypsin-
ized, resuspended and seeded into 96-well plate, each well with
5,000 cells. Cell viability was evaluated using Cell Counting
kit-8 (Beyotime Institute of Biotechnology) according to the
protocol of the manufacture at daily intervals on days 1-5 after
seeding. Following treatment with CCK-8 at 37°C for 1 h,
the absorbance was measured at 450 nm using a Multiskan
spectrum microplate reader (Thermo Fisher Scientific, Inc.).

Statistical analysis. The data were expressed as the
mean + standard deviation of three independent experi-
ments. Statistical analyses were performed using IBM SPSS
version 20 (IBM Corp., Armonk, NY, USA). Statistical
comparisons were performed using unpaired Student's t-test
for two-group comparisons of means. One-way analysis of
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variance with Dunnett's post hoc was used for comparisons of
three or more groups. In all cases, P<0.05 was considered to
indicate a statistically significant difference.

Results

Low dose of chemotherapeutic agents treatment induces
expression of miR-96 in gastric cancer cells. The gastric
cancer SGC7901 cell line is frequently resistant to chemo-
therapeutic agents, including cisplatin and doxorubicin (19).
Here, SGC7901 was treated with 1 yg/ml cisplatin or 1 gmol/l
doxorubicin for 24 h, and the expression level of miR-96 was
detected by RT-qPCR. The results of this analysis revealed
that treatment with chemotherapeutic agents significantly
induced the expression of miR-96, but not Let-7a or miR-9
(Fig. 1A). Next, the effect of the two chemotherapeutic agents
was assessed on miR-96 expression level at different time
points (24, 48 and 96 h). It was observed that, compared with
untreated cells, the miR-96 expression level at time points
24, 48 and 96 h following treatment with chemotherapeutics
were all higher, and miR-96 was expressed at a significantly
higher level at 24 h (Fig. 1B). To determine the dose of chemo-
therapeutic agents that efficiently induced the expression of
miR-96, the cells was treated with 1,2, 5 or 10 ug/ml cisplatin,
or 1, 2,5 or 10 umol/l doxorubicin respectively for 24 h. A
dose of 1 ug/ml cisplatin and 1 gmol/l doxorubicin induced
miR-96 expression most efficiently, with a higher dose of either
agent exhibiting no stronger an effect on miR-96 expression
(Fig. 1C), indicating that the dose required to induce miR-96
expression is comparatively low.

Induction of miR-96 post-transcriptionally represses FOXOI
expression and decreases the transcription of p21. Identified
as the direct target of miR-96, FOXOI protein level is poten-
tially regulated by miR-96 induced by chemotreatment (16).
This promoted to identify whether miR-96 regulates FOXO1
expression in SGC7901 cells. Synthesized miR-96 mimics
(miR-96), scrambled miR-96 mimics (scrambled), shRNA
target to FOXO1 mRNA (shFOXOL1), and scrambled shFOXO1
were introduced into SGC7901 for 48 h. Western blot analysis
was performed to detect FOXO1, GAPDH and (3-actin protein
levels. The results confirmed that miR-96 mimics exhibited
similar effect on repressing FOXO1 protein level as treatment
with shFOXO1 (Fig. 2A). Following treatment with cisplatin or
doxorubicin, the FOXOI1 protein level decreased significantly
compared with the Mock group (Fig. 2B; right panel), whereas
FOXO1 mRNA exhibited no observed changes (Fig. 2B; left
panel). FOXOL1 is reported to transcriptionally activate p21 in
a pS3-independent manner (20), with the results of the present
study revealing that chemotreatment repressed p21 mRNA and
protein expression levels without disturbing the p53 expression
level (Fig. 2B). PFT-a, which specifically inhibits transcrip-
tion of p53, was pre-incubated with SGC7901 cells treated
with 1 pg/ml cisplatin. As expected, inhibition of p53 exerted
no additional effect on p21 mRNA expression level (Fig. 2C).
To determine whether FOXO1 was involved in the regulation
of p21 under treatment with chemotherapeutics, the binding
of FOXO1 to p21 promoter region was assessed by ChIP. As
expected, the binding of FOXO1 to p21 promoter decreased
following treatment with chemotherapeutics (Fig. 2D).
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Figure 1. Chemotherapeutic treatment at low dose specifically induces the expression level of miR-96 in SGC7901 cells. (A) RT-qPCR analysis of SGC7901
cells treated with 1 gg/ml cisplatin or 1 gmol/l doxorubicin to detect the expression level of miR-96, Let-7a and miR-9. (B) To detect the effect of chemothera-
peutic treatment on miR-96, cells chemotherapeutically treated for 24, 48 and 96 h were analyzed by RT-qPCR for detecting the expression level of miR-96.
(C) The effects of different doses of chemotherapeutic agent on miR-96 expression in SGC7901 cells. “P<0.05, compared with Mock. RT-qPCR, reverse
transcription-quantitative polymerase chain reaction; miR-96, microRNA-96.
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Figure 2. miR-96 expression post-transcriptionally regulates FOXO1 and thus modulates the expression of p21. (A) Protein levels of FOXOI in SGC7901 cells
transfected with miR-96 mimics or scrambled mimic negative controls. (B) To confirm that the downregulation of FOXOI was not caused by chemotherapeutic
treatment, the mRNA or protein level was detected following chemotherapeutic treatment. (C) p21 expression level following chemotherapeutic treatment.
(D) ChIP assay, revealing the binding activity of FOXOI to the p21 promoter region. ‘P<0.05, compared with mock. miR-96, microRNA-96; FOXO1, forkhead
box protein O1; ChIP, chromatin immunoprecipitation; shRNA, short hairpin RNA; Ab, antibody; UTR, untranslated region; p21, cyclin-dependent kinase
inhibitor 1A; p53, tumor protein P53; PFT-a, Pifithrin-a.
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Figure 3. Expression of miR-96 induced the chemoresistance in SGC7901 cells. (A) The ICs, of cisplatin and doxorubicin following transfection. (B) The cell
death rate was analyzed by CFSE/PI double-staining (right) and flow cytometry (left), respectively. "P<0.05, compared with scrambled; 4P<0.05, compared
with Antago-scrambled. ICy,, half-maximal inhibitory concentration; CFSE, carboxyfluorescein succinimidyl ester; PI, propidium iodide.

Overexpression of miR-96 induces the chemoresistance and
decreased the death rate following chemotherapeutic treat-
ment. As expected, overexpression of miR-96 in SGC7901
increased the half-maximal inhibitory concentration (ICs,)
of cisplatin and doxorubicin. The repression of miR-96
upon treatment with antago-miR-96 significantly increased
the chemosensitivity of SGC7901 (Fig. 3A). The results
of CFSE/PI revealed that SGC7901 cells transfected with
exogenous miR-96 exhibited fewer PI-positive cells and
SGC7901 cells transfected with antago-miR-96 exhibited
much more PI positive cells by compared with their control
group (Fig. 3B, right). The results of the flow cytometry

assay confirmed that overexpression of miR-96 is critical for
decreasing the cell death rate of SGC7901 cells (Fig. 3B, left).

miR-96 promotes proliferation of SGC7901. According to
previous results, overexpression of miR-96 possibly affects
cell proliferation by regulating p21 (21). The results of the
CCK-8 assay revealed that, miR-96 overexpression promoted
the proliferation of SGC7901, and conversely, treatment with
antago-miR-96 significantly inhibited proliferation (Fig. 4, left
panel). Similar results were obtained from the EdU staining
assay, which was further performed for confirming this obser-
vation (Fig. 4, right panel).
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Figure 4. Expression of miR-96 promoted cell proliferation in SGC7901 cells. Cell Counting kit-8 assays performed following chemotherapeutic treatment
(left) and the EdU staining assay (right) are depicted. "P<0.05, compared with scrambled; #P<0.05, compared with Antago-scrambled. miR-96, microRNA-96;

OD, optical density; EdU, 5-ethynyl-2'-deoxyuridine.

Discussion

Chemotherapy is the most widely used therapeutic strategy
for cancer treatment besides surgery (21). However, drug
resistance, particularly multidrug resistance, greatly limits its
clinical use. Changes in miRNA expression levels have been
found to contribute to multiple cancer-associated processes,
including initiation, progression and chemoresistance (22).
The association between the expression level of miRNAs
and cancer has indicated that changes to miRNA expression
profiles may be associated with responses to the treatment
of patients with chemotherapeutic agents. Therefore, further
research on the miRNAs whose expression is altered by
chemotherapy is required.

The present study revealed that miR-96 expression was
positively induced by chemotherapeutic treatment at certain
doses, which post-transcriptionally repressed the expression
of FOXO1 and thus led to the inhibition of p21 transcription,
which is a FOXOl1-target gene in gastric cancer cells. These
results indicated that miR-96 could function as a promoter
of chemoresistance by promoting cell proliferation in gastric
cancer cells. To the best of our knowledge, the present study
is the first to investigate the association between miR-96
and chemotherapy in gastric cancer cells. In the previous
reports, miR-96 has a critical role in various types of tumor.
Yu et al (12) revealed that in pancreatic cancer cells, miR-96
repressed expression of the oncogene KRAS by directly
targeting its mRNA, thus functioning as a tumor-suppressor
miRNA and causing a decrease in proliferation, invasion,
migration and tumor growth. Vishwamitra ez al (23) revealed

that the heterogeneous expression of miR-96 in lymphoma
kinase-expressing cancer cells decreased the proliferation,
colony formation, and migration of cells via a posttran-
scriptional regulatory mechanism. Contrarily, miR-96 has
also been shown to function as a tumor-promoting miRNA
by increasing the proliferation, migration, and invasion
of various different types of cancer cell, including breast
cancer (24). In hepatocellular carcinoma cells (HCC), induc-
tion of miR-96 expression promotes the invasion of HCC
cells, indicating that miR-96 may be a therapeutic target for
inhibiting HCC metastasis (25).

FOXOI, reported to be a downstream mediator of
CPT-triggered apoptosis (26,27), is phosphorylated by CDK1
and protein kinase B (AKT), and thus be activated as a tran-
scriptional regulator on its target gene, p21 (20). FOXOL is
transcriptionally regulated by several mechanisms, aforemen-
tioned, including AKT signaling. The present study confirmed
that FOXO1 mRNA was bound by miR-96 in gastric cancer
cells. Consequently, the specific binding of miR-96 to FOXO1
mRNA markedly downregulated the protein level and caused
the alteration of phenotype in SGC7901.

In summary, the characterization of miR-96 identified that
it was a novel inducer of cell proliferation, migration, invasion
and tumor formation following chemotherapeutic treatment
of gastric cancer cells. The oncogenic function of miR-96 is
in part explained by its inhibition of FOXOI. The results of
the present study indicate that functional FOXO1 could be
considered as a biomarker for processing chemotherapy and
miR-96 could be considered as a novel target for reversing
chemoresistance in gastric cancer.
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