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miR-1271 enhances the sensitivity of colorectal
cancer cells to cisplatin
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Abstract. The high mortality of colorectal cancer (CRC) is
likely caused by early invasion and metastasis. The chemo-
resistance of tumor cells is the critical reason for treatment
failure. The present study aimed to develop targeted solutions to
overcome chemotherapy drug resistance in CRC. CCK-8 assay
was used to examine SW480 cell viability. SW480 cell apop-
tosis was examined using flow cytometry. The present study
demonstrated that the expression of miR-1271 was significantly
decreased in CRC tumors and cell lines compared with control
tissues. Furthermore, the expression of microRNA (miR)-1271
was increased and decreased following the transfection of
miR-1271 mimics and an inhibitor, respectively. Furthermore,
miR-1271 regulated mammalian target of rapamycin (mTOR)
expression by directly binding to the mTOR 3'-untranslated
region and the relative luciferase activity of mTOR was
decreased following miR-1271 overexpression. The results of
the present study indicate that miR-1271 may be a potential
target for anti-CRC therapy, particularly in the sensitivity of
chemotherapeutic drugs. miR-1271 may therefore enhance the
sensitivity of CRC cells to chemotherapy drugs and provide a
novel approach for the gene therapy of CRC.

Introduction

Colorectal cancer (CRC) has one of the highest morbidity
and mortality rates of tumors worldwide. There are
~1,000,000 newly diagnosed cases, at an increasing rate
of >20% per year (1). The 5-year survival rate of CRC is <15%
due to the poor sensitivity of radiotherapy and chemo-
therapy (2). In the past decades, progress has been achieved
in the CRC field, particularly in molecular carcinogenesis and
novel targeted therapies (3-5). However, the overall survival
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rate of CRC remains low (6,7). The resistance of tumor cells
to anticancer drugs is the primary factor affecting the curative
effect of CRC chemotherapy (8).

At present, the standard therapy for CRC is surgical inter-
vention followed by combination chemotherapy, consisting of
cisplatin and platinum-based drugs (9). Cisplatin, one of the
most effective non-specific cell cycle drugs, serves a pivotal
role in the treatment of CRC (10,11). Cisplatin is an effective
primary chemotherapeutic agent for the treatment of CRC. The
development of drug resistance has resulted in poor survival
rates in CRC and has become an increasing clinical challenge
for patients with cancer (12). Therefore, there is an urgent
requirement to develop targeted solutions to overcome drug
resistance in the chemotherapeutic treatment of CRC based on
the distinct molecular background of CRC and the mechanism
of resistance to platinum-based drugs.

MicroRNAs (miRNA) (13,14) are a type of short single
small non-coding RNA that are induced via the specific
combination with target gene mRNA (mRNA). This interac-
tion induces the degradation or inhibits the translation of
mRNA to change the expression of target proteins and regulate
their signaling pathways, leading to the occurrence and devel-
opment of tumors (15). miRNA can regulate the expression
of hundreds of target genes, the expression profiles of which
differ significantly between tumor and normal tissues (16).
It is also associated with the early diagnosis and prognostic
prediction of tumors, alongside individualized treatment with
novel molecular markers that exhibit tumor specificity (17).
miRNAs are abnormally expressed or mutated in a variety of
tumors (18). Therefore, it has been hypothesized that miRNAs
serve the role of an oncogene or tumor suppressor gene in
tumor development (13,19). A widened understanding of the
association between miRNA and CRC may provide novel
agents for its diagnosis, treatment and prognosis.

The change in the expression of miRNAs serves an
important role in the resistance to anticancer drugs. Thus,
determining the association between miRNA expression and
drug resistance will provide a novel mechanism to reverse
resistance to anticancer drugs. The primary mechanism used
to achieve this, is the regulation of target gene expression
by directly targeting the 3'-untranslated region (UTR) of
mRNA (20). Recently, numerous studies have revealed that
miRNAs are involved in the regulation of cancer occurrence
and development (21-24). Specifically, miR-1271 serves an
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important role in the regulation of CRC cell apoptosis, prolif-
eration and metastasis (25). The present study revealed that
miR-1271 was abnormally expressed in CRC tissues; however,
the mechanism of miR-1271 function in CRC remains unclear.
Therefore, the aim of the present study was to assess the
influence of miR-1271 on the sensitivity of CRC to chemo-
therapeutic drugs and the possible mechanisms of molecular
regulation in CRC.

Materials and methods

Clinical sample collection. Tumor tissues and adjacent normal
tissues (>2 cm away from the tumor tissue) were extracted
from 30 patients with CRC (male, 17; female, 13; age range,
45-63 years; mean age, 56 years) who had undergone surgical
resection at Shanghai Jiao Tong University Affiliated Sixth
People's Hospital (Shanghai, China). All enrolled patients had
not received chemotherapy or radiotherapy prior to the study.
Tissue samples were stored in liquid nitrogen at -80°C until
further use. Written informed consent was obtained from each
patient or their relatives prior to surgery. The present study
was approved by the Ethics Committee of Shanghai Jiao
Tong University Affiliated Sixth People's Hospital (Shanghai,
China).

Cell culture. The CRC SW480 cell line was obtained from
the American Type Culture Collection (Manassas, VA, USA).
Cell lines were cultured in RPMI-1640 medium (Gibco;
Thermo Fisher Scientific, Inc., Waltham, MA, USA), supple-
mented with 10% fetal bovine serum (Hyclone; GE Healthcare
Life Sciences, Logan, UT, USA) and 100 U/ml penicillin and
100 pg/ml streptomycin (Invitrogen; Thermo Fisher Scientific,
Inc.) in an incubator with a humidified atmosphere at 5% CO,
and 37°C. Cell propagation was performed for 2 days. Cells
in the logarithmic phase of growth were used for subsequent
experimentation.

Drug treatment and cell transfection. Cells were treated with
10 pg/ml of cisplatin (Sigma-Aldrich; Merck KGaA ,Darmstadt,
Germany). SW480 cells in the logarithmic stage were were
transfected with 200 nmol/l miR-1271 mimic, miR-NC
mimic, 200 nmol/l miR-1271 inhibitor or miR-NC inhibitor
(all Thermo Fisher Scientific, Inc.) using Lipofectamine
RNAiIMAX (Thermo Fisher Scientific, Inc.), according to
the manufacturer's protocol. Following 72-h transfection, the
cisplatin-miR-1271 mimic, cisplatin-miR-1271 inhibitor and
the cisplatin group were treated with cisplatin (10 zxg/ml) for
48 h at 37°C. The cells of the control group were untreated.
The sequences of miR-1271 mimics and miR-NC mimics were
as follows: 5'-CUUGGCACCUAGCAAGCACUCA-3' and
3'-UUCUCCGAACGUGUCACGUTT-5" The sequences of
miR-1271 inhibitor and miR-NC inhibitor were 5'-UGAGUG
CUUGCUAGGUGCCAAG-3' and 5-UUGUACUACACA
AAAGUACUG-3, respectively.

Drug sensitivity assay. Cell proliferation was assessed
in vitro using the cell counting kit-8 (CCK-8) assay (Dojindo
Molecular Technologies, Inc., Kumamoto, Japan). Briefly,
SW480 cells were transfected with miR-1271 mimic, inhibitor
or negative control for 72 h and incubated with cisplatin for
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48 h (as described previously). Cell were seeded into 96-well
plates at a density of 5.0x10° cells/well and incubated in 100 pl
RPMI-1640 medium (Gibco; Thermo Fisher Scientific, Inc.) at
37°C. Following 0, 12, 24 or 48 h incubation, 10 1 CCK-8 was
added to each well and incubated for a further 2 h at 37°C. The
absorbance of each sample was measured at a wavelength of
450 nm using a microplate reader (Bio-Rad Laboratories Inc.,
Hercules, CA, USA).

Flow cytometry. Cell apoptosis was analyzed using the
Annexin V-fluorescein isothiocyanate (FITC)/propidium
iodide apoptosis detection kit (cat. no. 556570; BD Biosciences,
San Jose, CA, USA). Briefly, cells were collected and resus-
pended at ~5x10° cells/ml in binding solution. Cells were
transferred into the flow tube (100 ul/tube) and incubated
for 5 min at room temperature with 5 x1 Annexin V/FITC
and PI. Following incubation, cells were washed thrice with
ice-cold PBS and apoptotic cells were analyzed using a FACS
Calibur flow cytometer and CellQuest software (version 6.0;
BD Biosciences).

Reverse transcription-quantitative polymerase chain reac-
tion (RT-gPCR). Total RNA was extracted from cells and
tissues using TRIzol® reagent (Invitrogen; Thermo Fisher
Scientific, Inc.). Total RNA was reverse transcribed into
cDNA using the Primer-Script™ One Step RT-PCR kit
(Takara Biotechnology Co., Ltd., Dalian, China). gPCR
was subsequently performed using SYBR® Premix Ex Taq
(Takara Biotechnology Co., Ltd.), according to the manu-
facturer's protocol. The following thermocycling conditions
were used: 95°C for 5 min; 40 cycles of 95°C for 10 sec, 60°C
for 20 sec and 72°C for 20 sec. Differences in the expression
of Bcl-2-associated X (Bax), B-cell lymphoma-2 (Bcl-2),
caspase-3 and mammalian target of rapamycin (mTOR) in
the four groups were compared. The relative mRNA expres-
sion levels were quantified using the 2224 method (26) and
normalized to the internal control GAPDH.

For the detection of miRNA, total RNA was isolated
using the miRNA Extraction kit (Qiagen GmbH, Hilden,
Germany). Total RNA was reverse transcribed into cDNA
using the miRNA cDNA Synthesis kit (Qiagen GmbH). qPCR
was subsequently performed using the SYBR® Green (Takara
Biotechnology Co., Ltd.), according to the manufacturer's
protocol. The experiment was performed as described above.
U6 served as an internal control. The sequences of the primers
utilized are listed in Table I.

Western blot analysis. Following transfection, SW480 cells
from each group were collected and lysed using radioim-
munoprecipitation assay buffer (Beyotime Institute of
Biotechnology, Haimen, China) on ice. Total protein was
quantified using a bicinchoninic acid assay kit (Beyotime
Institute of Biotechnology). The supernatant was used to detect
its protein concentration following high-speed centrifugation
at 11,180 x g for 15 min at 4°C. Total protein was quanti-
fied using a bicinchoninic acid assay (Beyotime Institute of
Biotechnology) and 50 ug protein/lane was separated via
SDS-PAGE on a 10% gel. The separated proteins were trans-
ferred onto polyvinylidene fluoride membranes and blocked
for 2 h at 37°C with non-fat milk. The membranes were
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Table I. Oligonucleotide primer pairs used for quantitative
polymerase chain reaction.

Gene Primer sequence (5'-3')
miR-1271 F: CAGCACTTGGCACCTAGCA

R: TATGGTTGTTCTCCTCTCTGTCTC
U6 F: CTCGCTTCGGCAGCACA

R: AACGCTTCACGAATTTGCGT
Bax F: CACCAGCTCTGAACAGATCATGA

R: TCAGCCCATCTTCTTCCAGATGT
Bcl-2 F: CACCCCTGGCATCTTCTCCTT

R: AGCGTCTTCAGAGACAGCCAG
caspase-3 F: AACTGGACTGTGGCATTGAG

R: ACAAAGCGACTGGATGAACC
mTOR F: AACAACGGCTTTCCACCAGG

R: CACCCTAAGTGAGCCCTTGGA
GAPDH F: GGAGCGAGATCCCTCCAAAAT

R: GGCTGTTGTCATACTTCTCATGG

miR, microRNA; Bax, Bcl-2-associated X; Bel-2, B cell lymphoma-2;
mTOR, mammalian target of rapamycin.

incubated with primary antibodies against Bax (cat. no. B3428;
1:1,000), Bcl-2 (cat. no. SAB3500343; 1:1,000), caspase-3
(cat. no. C9598; 1:1,000), mTOR (cat. no. SAB2701843;
1:1,000) and anti-GAPDH (cat. no. G9545; 1:100; all
Sigma-Aldrich; Merck KGaA) overnight at 4°C. The
membranes were subsequently incubated with horseradish
peroxidase-conjugated goat anti-rabbit secondary antibody
(cat. no. ab205718; 1:5,000; Abcam, Cambridge, UK) for 1 h
at room temperature. Protein bands were visualised using
an the ECL Plus immunoblotting detection system (Thermo
Fisher Scientific, Inc.) and quantified using Gel-Pro analyzer
software (version 6.0; Media Cybernetics, Inc., Rockville,
MD, USA). The results are expressed as the ratio of objective
protein to GAPDH.

Bioinformatics analysis and dual-luciferase reporter assay.
TargetScan bioinformatics software (www.targetscan.
org/vert_71) was used to predicted mTOR was a target of
miR-1271. The potential miR-1271 binding site in the 3'UTR
of mTOR and the corresponding mutant were synthesized
and cloned into the pGL3 vector (Switchgear Genomics,
Menlo Park, CA, USA). The cDNA fragment corresponding
to the wild-type 3'-UTR of mTOR were inserted down-
stream of the luciferase in the psiCHECK-2 reporter plasmid
(cat. no. C8021; Promega Corporation, Madison, WI, USA).
A deletion mutant lacking the seed sequence of the miR-1271
binding site in the 3'-UTR of mTOR was created using
the QuikChange Site-directed Mutagenesis kit (Agilent
Technologies, Inc., Santa Clara, CA, USA). For the reporter
assay, SW480 cells were co-transfected with miR-1271 mimic,
inhibitor, or negative control, and WT/MUT-3'UTR of mTOR.
Following 72-h transfection, luciferase activities were detected
using the Dual-Luciferase Reporter assay system (Promega
Corporation), according to manufacturer's protocol. Firefly
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Figure 1. miR-1271 expression in CRC tissues. Reverse transcription-quanti-
tative polymerase chain reaction confirmed that miR-1271 was downregulated
in CRC tissues compared with adjacent normal tissues (control). “P<0.01 vs.
Control. miR, microRNA; CRC, colorectal cancer.

luciferase activity was normalized to Renilla luciferase
activity.

Statistical analysis. SPSS 20.2 software (IBM Corp., Armonk,
NY, USA) was used to analyze the data. Data are presented
as the mean + standard deviation of =3 independent experi-
ments. A two-tailed Student's t-test was used to analyze the
difference between two groups. One-way analysis of variance
followed by a Newman-Keuls post-hoc test was employed to
analyze data among multiple groups. P<0.05 was considered
to indicate a statistically significant difference.

Results

miR-1271 expression decreases in CRC tissue samples. Tumor
and matched non-tumor tissue samples were profiled using
RT-gPCR to identify the expression of miR-1271 in CRC. The
results revealed that miR-1271 expression was significantly
decreased in tumor tissues compared with non-tumor tissues,
indicating that miR-1271 was abnormally expressed at low
levels in CRC tissues (Fig. 1).

Expression of miR-1271. SW480 cells were transfected with
miR-1271 mimics, miR-NC mimics, a miR-1271 inhibitor or
a miR-NC inhibitor. The expression of miR-1271 was signifi-
cantly increased and decreased following transfection with
miR-1271 mimics and the miR-1271 inhibitor, respectively
(Fig. 2A and B).

miR-1271 inhibits SW480 cell viability. A CCK-8 was
performed to assess the effect of SW480 cell activity and
proliferation (Fig. 3). The results revealed that, compared
with the cisplatin group, the cisplatin + miR-1271 mimics
group significantly decreased the cell viability of SW480 cells
at 48 h. However, when compared with the cisplatin group,
the transient downregulation of miR-1271 increased the cell
viability of cisplatin-treated SW480 cells.

miR-1271 promotes SW480 cell apoptosis. Flow cytometry
was performed to assess the effect of miR-1271 on the apop-
tosis of cisplatin-treated SW480 cells (Fig. 4). The results
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Figure 2. miR-1271 expression in CRC cell line. (A) SW480 cells were
transfected with miR-1271 mimics or a miR-NC inhibitor. No significance
was observed between the NC and control group. Compared with NC
group, the expression of miR-1271 was significantly upregulated. “P<0.01
vs. miR-NC mimics. (B) Following transfection with a miR-1271 inhibitor,
the expression of miR-1271 was significantly decreased compared with the
miR-NC inhibitor. “P<0.01 vs. miR-NC inhibitor. miR, microRNA; CRC,
colorectal cancer; NC, negative control.
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Figure 3. miR-1271 upregulation inhibits SW480 cell viability. Cell prolif-
eration was examined was assessed in the cisplatin, cisplatin+mimics,
cisplatin+inhibitor and the control group via a cell counting kit-8 assay.
“P<0.01 vs. Cisplatin group. miR, microRNA.

demonstrated that transfection of miR-1271 mimics induced a
significant increase in SW480 cell apoptosis compared with the
cisplatin group. Furthermore, transfection with the miR-1271
inhibitor significantly decreased the rate of apoptosis induced
by cisplatin treatment.

mTOR expression. To further gain insight into the potential
underlying mechanism of miR-1271 in chemoresistance,
TargetScan (www.targetscan.org/vert_71) was used to
predict the targets of miR-1271. It was revealed that mTOR
can be directly regulated by miR-1271 and is therefore a
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Figure 4. miR-1271 upregulation promotes SW480 cell apoptosis. (A)
SW480 cell apoptosis was assessed in the cisplatin, cisplatin+mimics,
cisplatin+inhibitor and the control group via flow cytometric analysis. (B)
Quantitative analysis of A. “P<0.01 vs. Cisplatin group. miR, microRNA; PI,
propidium iodide; FITC, fluorescein isothiocyanate.

potential candidate target gene for further study (Fig. SA).
Dual-luciferase reporter assay demonstrated that the lucif-
erase activity in SW480 cells was significantly decreased
following co-transfection with miR-1271 mimic and WT
3'-UTR of mTOR (Fig. 5B). Furthermore, the luciferase
activity was significantly increased following co-transfection
with miR-1271 inhibitor and WT 3'-UTR of mTOR (Fig. 5C).
The results of RT-qPCR and western blotting were used to
determine the effect of miR-1271 expression on the regulation
of mTOR. miR-1271 was revealed to be overexpressed in CRC
tissues (Fig. 6A-C).

miR-1271 regulated the expression of Bcl-2, mTOR, Bax and
Caspase-3. RT-qPCR results revealed that the pro-apoptosis
genes (Bax and caspase-3) were upregulated and that the
anti-apoptotic gene (Bcl-2) and mTOR were downregulated
in the cisplatin + mimics group compared with the cisplatin
treatment group (Fig. 7A-D). However, transfection with
miR-1271 inhibitor exhibited the opposite effect. The protein
expression of Bax and caspase-3 in the cisplatin + mimics
group were significantly increased, while the expression of
Bcl-2 and mTOR was significantly decreased in the cispl-
atin + mimics group compared with the cisplatin treatment
group (Fig. 7E and F). However, transfection with miR-1271
inhibitor exhibited the opposite effect.
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Figure 6. mTOR is upregulated in CRC tissues. (A) Reverse transcription-quanti-
tative polymerase chain reaction, (B) western blotting and (C) densitometry were
performed to confirm that mTOR was overexpressed in CRC tissues. “P<0.01
vs. Control. nTOR, mammalian target of rapamycin; CRC, colorectal cancer.

Discussion

Recently, a number of studies have reported that abnormally
expressed miRNAs are associated with cancer due to their
affect on cell proliferation, apoptosis and invasion (27-29).
miRNAs may thus serve as biomarkers for the diagnosis and
prognosis of different types of cancer, including CRC. It is
therefore necessary to identify specific miRNAs and their
targets as they may provide valuable insight for the diagnosis
and treatment of patients with CRC (30). The present study
revealed that the expression of miR-1271 was significantly
decreased in CRC tumors and cell lines compared with
control tissues. Furthermore, the expression of miR-1271 was
increased following treatment with miR-1271 mimics and
decreased following transfection with a miR-1271 inhibitor.

To the best of our knowledge, it is necessary to identify
specific miRNA target genes to elucidate the mechanism
involved in the progression and development of cancer.
Previous studies have demonstrated that miRNAs regulate
their target genes by binding to the mRNA 3'-UTR (31-33),
which is consistent with the results of the present study.
Furthermore, the relative luciferase activity of mTOR was
decreased following miR-1271 overexpression and increased
following the suppression of miR-1271 expression.

Cisplatin is the most widely used drug in the chemothera-
peutic treatment of CRC and other types of cancer, including
ovarian (8), lung (20) and gastric cancer (31). However, the
effect of chemotherapy is not satisfactory due to drug resis-
tance (8,34). The resistance of tumor cells is involved in a
variety of biochemical cellular changes, including the reduced
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accumulation of drugs, elevated levels of metallothionein
in cells, a higher expression of drug resistance-associated
genes and enhanced DNA repair ability (35). At present, no
drug has been able to effectively reverse cisplatin resistance
in the body (36). The drug sensitivities of miR-1271 mimics
and miR-1271 inhibitor were measured via cell proliferation
and apoptosis assays. The results indicated that miR-1271
mimics could decrease the proliferation and increase the
apoptosis of cisplatin-treated cells, while miR-1271 inhibitor
exhibit the opposite results. In addition, the pro-apoptosis
genes, Bax and caspase-3, were upregulated, however the
anti-apoptotic gene Bcl-2, and mTOR were downregulated
in miR-1271-mimic-treated cells. The proportion of Bax and
Bcl-2 can be a predictor of apoptosis (37). In the present study,
miR-1271 served an anti-tumor role in CRC. Cells transfected
with miR-1271 mimics upregulated the pro-apoptotic genes
Bax and caspase-3 and downregulated the anti-apoptotic gene
Bcl-2. In addition, the miR-1271 inhibitor exhibited adverse
effects. The results indicated that the inhibitor reduced cisplatin

sensitivity. mTOR has been demonstrated to be involved in the
progression and metastasis of various types of cancer (38,39),
acting as an oncogene via a variety of mechanisms. mTOR
expression was associated with lung and prostate cancer, as
well as osteosarcoma (40-42). The present study revealed that
miR-1271 may regulate the chemosensitivity of CRC cells by
regulating the expression of mTOR.

In conclusion, miR-1271 may be a potential target for
antitumor therapy, particularly in the sensitivity of cells
to chemotherapy drugs. We hypothesized that miR-1271
regulates chemotherapeutic sensitivity in CRC by targeting
mTOR. In order to further clarify the mechanism of chemo-
therapeutic drug sensitivity, in vivo assays are required to
verify the sensitivity of miR-1271 to chemotherapy drugs and
to lay a foundation for the application of miR-1271 in future
studies.

However, there is a limitation in our study. Since the level
of Bax in the cisplatin + mimics group was significantly
increased compared with the cisplatin group, it is possible that
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there may be another mechanism mediated by Bax in these
conditions, which should be investigated in future study.
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