
EXPERIMENTAL AND THERAPEUTIC MEDICINE  21:  507,  2021

Abstract. To investigate the role of microRNA (miR)-140-5p 
in doxorubicin (DOX) sensitivity in hepatocellular carci-
noma, miR-140-5p and peptidyl-prolyl cis-trans isomerase 
NIMA-interacting 1 (PIN1) expression was first evaluated 
in hepatocellular carcinoma tissues using starBase. Next, 
in vitro experiments were performed. Cell line expression 
of miR-140-5p and PIN1 expression was detected by reverse 
transcription polymerase chain reaction. Cell viability and 
proliferation were determined by the Cell Counting Kit-8 
and EdU assays. The relationship between miR-140-5p and 
PIN1 was evaluated by TargetScan and a luciferase reporter 
system. Western blotting was used to detect the expression of 
PIN1. It was observed that miR-140-5p was downregulated 
in hepatocellular carcinoma tissues and cell lines compared 
with normal samples in HCC or normal liver cells. Gain-of-
function experiments revealed that miR-140-5p mimics were 
able to enhance DOX sensitivity of hepatocellular carcinoma 
cells. Further studies revealed that PIN1 was a target gene of 
miR‑140-5p. Suppression of PIN1 led to higher DOX sensitivity 
in hepatocellular carcinoma cells. Finally, when comparing a 
PIN1-siRNA alone group and a PIN1-siRNA plus miR-140-5p 
inhibitor group, there was no significant difference in cell 
viability. Furthermore, miR-140-5p mimics did not reduce the 
sensitivity of PIN1mut plasmid to DOX in HUH7 and SNU449 
cells. The present study demonstrated that miR-140-5p could 
enhance DOX sensitivity in hepatocellular carcinoma cells by 
targeting PIN1.

Introduction

Hepatocellular carcinoma (HCC) is one of the most common 
malignant tumors worldwide and it is ranked as the sixth most 
common cancer (1,2). It is the third leading cause of cancer 
mortality globally, and on average, 781,631 patients succumb 
to HCC every year (3). The current treatment for this disease is 
orthotopic liver transplantation and surgical resection. However, 
although liver transplantation can achieve satisfactory results, 
due to a lack in donor livers, this treatment option is greatly 
limited (4). Surgical resection is a common cure. However, a 
range of patients are initially diagnosed at the advanced stage 
of the disease and few patients are suitable to undergo surgical 
resection (5). Chemotherapy is often considered as a primary 
treatment for patients with advanced HCC to protect them 
against disease (6,7). However, chemotherapy is effective in 
only a small proportion of patients with advanced HCC, due 
to chemoresistance (8). Therefore, overcoming drug resistance 
and sensitization has recently become a focus of research.

miRNAs are a class of small non-coding RNAs of 
18-25 nucleotides that regulate gene expression at both the tran-
scriptional and post-transcriptional levels. miRNAs function as 
either tumor activators or suppressors by mainly binding to the 
3' untranslated region (3'-UTR) of their target mRNA (9,10). It 
has been reported that multiple miRNAs are involved in drug 
resistance in cancers (11,12). Ma et al (13) revealed that miR-
205-5p downregulation decreased gemcitabine sensitivity of 
breast cancer cells via ERp29 upregulation. miR-182 contributed 
to cell adhesion-mediated drug resistance in multiple myeloma 
by targeting PDCD4 (14). A previous study revealed that miR-
140-5p was significantly decreased in HCC tissues compared 
to adjacent non-tumorous liver tissues and it suppressed tumor 
growth and metastasis, thus, becoming a valuable biomarker 
for HCC prognosis (15). On this basis, it was speculated that 
miR-140-5p may not only be related to the progression of HCC 
disease, but also participate in the development of drug resistance. 
Therefore, the present study aimed to investigate the function of 
miR-140-5p in regulating DOX resistance in HCC cells.

Materials and methods

Cell culture. The normal liver cell line (THLE-2) and HCC 
cell lines (HUH7, SNU387 and SNU449) were purchased 
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from the Chinese Academy of Science Cell Bank. All cell 
lines were cultured in Dulbecco's modified Eagle's medium 
(DMEM) supplemented with 10% fetal bovine serum (FBS; 
both from Gibco; Thermo Fisher Scientific, Inc.) in an incu-
bator containing 5% CO2 at 37˚C.

RNA extraction and reverse transcription-quantitative 
polymerase chain reaction (RT-qPCR). Total RNA was 
extracted using the TRIzol reagent (Thermo Fisher Scientific, 
Inc.). For PIN1, 1 µg RNA was reverse transcribed to cDNA 
by a PrimeScript RT kit (Takara Biotechnology Co., Ltd.) 
according to the manufacturer's instructions. The resulting 
cDNAs were quantified via quantitative PCR using an Applied 
Biosystems 7500 Fast Real-Time PCR system (Thermo Fisher 
Scientific, Inc.) with a SYBR Premix Ex Taq II kit (Takara 
Biotechnology Co., Ltd.) according to the manufacturer's 
instructions. The conditions of PCR were as follows: 94˚C for 
20 sec followed by 40 cycles of 95˚C for 30 sec, 60˚C for 34 sec 
and 72˚C for 30 sec. The relative quantification was performed 
using the comparative 2-∆∆Cq method (16). The specific primers 
for PIN1 and miR-140-5p detection are were as follows: PIN1 
forward, 5'-TTTGAAGACGCCTCGTTTGC-3' and reverse, 
5'-GTGCGGAGGATGATGTGGAT-3'; miR-140-5p forward, 
5'- ACACTCCAGCTGGGCAGTGGTTTTACCCTA-3' and 
reverse, 5'-TGGTGTCGTGGAGTCG-3'; GAPDH forward 
5'-CGGAGTCAACGGATTTGGTCGTAT-3' and reverse 
5'-AGCCTTCTCCATGGTGGTGAAGAC-3'; U6 forward 
5'-GCTTCGGCAGCACATATACTAAAAT-3' reverse 
5'-CGCTTCACGAATTTGCGTGTCAT-3'. For miR-140-5p, 
1 µg RNA was used for target specific reverse transcription 
(TaqMan MicroRNA Reverse Transcription kit; Applied 
Biosystems; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's instructions with the same conditions as above.

Western blotting. Cells were lysed in ice-cold RIPA buffer 
(Beyotime Institute of Biotechnology) and quantified using a 
BCA Protein Assay Kit (Beyotime Institute of Biotechnology). 
Protein (20  µg) was separated by 10% SDS-PAGE and 
transferred to polyvinylidene difluoride membranes. The 
membranes were blocked with 5% non-fat dry milk in 1X 
TBST buffer at 37˚C for 1 h and incubated with the following 
primary antibodies (all, Cell Signaling Technology, Inc.; 
1:1,000) overnight at 4˚C: EZH2 (cat. no. 4905), E-cadherin 
(cat. no. 3195) and Vimentin (cat. no. 5741). Samples were 
subsequently washed with 1X TBST, and then incubated with 
HRP-conjugated secondary antibodies (cat. no. 7074; 1:2,000; 
Cell Signaling Technology, Inc.) for 2 h at room temperature. 
The membranes were imaged using chemiluminescence 
(EMD Millipore).

Cell viability assay. Cell viability was detected using Cell 
Counting Kit-8 (CCK-8; Dojindo Molecular Technologies, 
Inc.) according to the manufacturer's protocol. Briefly, HUH7 
or SNU449 cells (5,000 cells/well) were seeded in 96-well 
plates and cultured for 24 h. After treating the cells with 
various concentrations of DOX (0, 0.0525, 0.15, 0.3, 0.6 and 
1.2 µg/ml) for 48 h, CCK-8 solution (10 µl) was added into 
each well and incubated for 2-4 h in an incubator with 5% CO2 

at 37˚C. The absorbance at 450 nm of each well was detected 
using a microplate reader (Bio-Rad Laboratories, Inc.).

Transfection assay. miR-140-5p mimics (5  nM), miR-
140-5p inhibitor (5 nM), miR-negative control mimics 
(NC mimics; 5  nM), miR-negative control inhibitor 
(NC-inhibitor; 5  nM), NC small interfering RNA (NC 
siRNA; 20  µM) and PIN1 siRNA1 were obtained from 
Shanghai Gemma Biotech. The siRNA sequences targeting 
PIN1 (20  µM), miR-140-5p mimics, inhibitor, negative 
control (NC) mimics and NC inhibitor were as follows: 
PIN1 siRNA1, 5'-CCGUGUUCACGGAUUCCGGCA 
UCCA-3' and PIN1 siRNA2, 5'-GCCCUGGAGCUG 
AUCAACGGCUAC A-3'; miR-140-5p mimic, 5'-CAGU 
GGUUUUACCCUAUGGUAG-3'; or NC mimic, 5'-CUCAC 
CAAAAACCCUAUGGUAG-3'; miR-140-5p inhibitor, 
5'-CUACCAUAGGGUAAAACCACUG-3'; or NC inhibitor, 
5'-UCUACUCUUUCUAGGAGGUUGUGA -3'. The transfec-
tion was performed using Lipofectamine® 2000 (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufac-
turer's protocol, the transfection medium was replaced with 
complete medium 6 h after transfection at 37˚C, after which 
the cells were incubated for the indicated times. All treat-
ments were started at 24 h after transfection.

Cell proliferation analysis. Cell proliferation was deter-
mined using a Click-iTEdU Imaging kit (Invitrogen; Thermo 
Fisher Scientific, Inc.) according to the manufacturer's 
protocol. HCC cells were incubated with the IC50 concen-
tration of DOX (SNU449, 1.313μg/ml; HUH7, 0.3534 µg/
ml) for 24 h at 37˚C, followed by 10 µM EdU for 2 h prior 
to fixation (4% paraformaldehyde at room temperature for 
20 min), permeabilization (0.5% Triton-X100 for permea-
bilization at room temperature for 15-20 min), and EdU 
staining at room temperature for 20 min. Cell nuclei were 
stained with Hoechst 33342 (Invitrogen; Thermo Fisher 
Scientific, Inc.) at a concentration of 5 µg/ml for 30 min at 
room temperature.

Dual luciferase assay. 293T cells (Type Collection of the 
Chinese Academy of Sciences) were seeded in 24-well plates 
and the cells were co-transfected with 5 ml miR-140-5p or 
control at a concentration of 10 nM and 100 ng of wild-type 
or 3'-UTR mutant (mut) of the PIN1 firefly luciferase reporter 
plasmid (Promega Corporation) using Lipofectamine 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to 
the manufacturer's protocol. After incubation for 48  h, 
firefly and Renilla luciferase activities were measured by 
Dual-Glo® Luciferase reporter assay (cat. no. E2920; Promega 
Corporation).

Statistical analysis. All data were calculated and analyzed 
using GraphPad Prism 5.0 (GraphPad Software, Inc.) and 
presented as the mean ± standard deviation (SD). StarBase 
(http://starbase.sysu.edu.cn/index.php) was used to analyze the 
expression of miRNA in HCC tissues and normal tissue (16). 
TargetScan (http://www.targetscan.org/vert_71/) predicted 
the potential target genes of miRNA. Pearson correlation 
analysis determined the correlation between miR-140-5p and 
PIN1 expression. The differences between two groups were 
compared with an unpaired Student's t-test. Results were 
considered statistically significant at P<0.05. All experiments 
were repeated three times.
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Results

Expression of miR-140-5p is downregulated in HCC. miR-
140-5p expression was first analyzed in HCC tissues using 
starBase (based on 370 cancer samples and 50 normal samples) 
and it was revealed that the expression level of miR-140-5p 
was significantly lower in HCC tissues than in adjacent normal 
tissues (P=0.018) (Fig. 1A). Next, miR-140-5p expression was 
analyzed in a normal liver cell line (THLE-2) and HCC cell 
lines (HUH7, SNU387, SNU449) and it was revealed that 
the expression level of miR-140-5p was significantly lower in 
HCC cell lines compared with the THLE-2 cell line (Fig. 1B). 
In addition, the expression of miR-140-5p in the epithelial 
cells (HUH7) was higher than that in the mesenchymal cells 
(SNU387 and SNU449), and thus, HUH7 and SNU449 cells 
were selected for the following experiment. These results 
revealed that miR-140-5p acted as a suppressor gene in HCC.

Next, HUH7 and SNU449 cells were treated with DOX for 
24 h and then CCK-8 and RT-qPCR assays were performed to 
detect the cellular cytotoxicity and the expression level of miR-
140-5p. The results revealed that SNU449 was more resistant 
to DOX when compared with HUH7 (Fig. 1C). Moreover, 
DOX treatment could reduce miR-140-5p expression both in 
HUH7 and SNU449 cells (Fig. 1D and E).

miR-140-5p mimic enhances the sensitivity of HCC cells to 
DOX. To investigate the function of miR-140-5p in HCC cell 
sensitivity to DOX, miR-140-5p mimics, miR-140-5p inhibitor, 
NC mimics or NC inhibitor were transiently transfected into 
HUH7 and SNU449 cells. The efficiency of transfection was 
confirmed by RT-qPCR assay (Fig. 2A). The results of the 
CCK-8 assays revealed that the overexpression of miR-140-5p 
markedly sensitized HUH7 or SNU449 cells to DOX, while 
miR-140-5p inhibitor markedly reduced sensitivity to DOX 
compared with the cells transfected with NC inhibitor (Fig. 2B 
and C). Moreover, it was revealed that the miR-140-5p mimic 
caused the EdU-positive ratio of HUH7 and SNU449 cells to 
be significantly decreased upon DOX exposure, compared 
with the NC mimic group (Fig. 2D and E). These data indi-
cated that miR-140-5p was able to increase DOX sensitivity 
in HCC cells.

PIN1 is a direct target of miR-140-5p. To determine whether 
the PIN1 gene was the direct target of miR-140-5p, TargetScan 
was used to predict the potential target gene of miR-140-5p. It 
was revealed that PIN1 may be a target of miR-140-5p (Fig. 3A 
and B). To confirm the association between miR-140-5p and 
the 3'-UTR of PIN1, a luciferase reporter plasmid containing 
the 3'-UTR of PIN1 was used. Luciferase activity assays 

Figure 1. Expression of miR-140-5p in the HCC samples and cell lines. (A) Expression level of miR-140-5p from starBase v3.0 database. (B) Endogenous 
expression levels of miR-140-5p were detected in normal liver cells (THLE-2) and the HCC cell lines (HUH7, SNU387 and SNU449) using RT-qPCR. 
**P<0.01, compared to THLE-2 cells. (C) The sensitivity of HUH7 and SNU449 cells to DOX. **P<0.01. (D and E) The expression of miR-140-5p was detected 
in HUH7 and SNU449 cells exposed to DOX for 24 h. **P<0.01 and ***P<0.001 compared to the untreated group. miR-140-5p, microRNA-140-5p; HCC, 
hepatocellular carcinoma; DOX, doxorubicin; RT-qPCR, reverse transcription-quantitative polymerase chain reaction.
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revealed that miR-140-5p mimics decreased the luciferase 
activity of the wild-type PIN1 3'-UTR, and this inhibition 
was offset by the mutation of the target sequences in the PIN1 
3'-UTR (Fig. 3C). Next, it was verified whether miR-140-5p 
downregulates PIN1 in HUH7, SNU449, THLE-2 and SNU387 
cells. When these cells were transfected with the miR-140-5p 
mimic, the expression levels of PIN1 mRNA and protein were 
significantly suppressed compared to cells transfected with 
NC mimics (Fig. 3D and E). These results indicated that PIN1 
is a direct target of miR-140-5p.

Knockdown of PIN1 enhances the sensitivity of HCC cells 
to DOX. PIN1 expression was analyzed in HCC tissues using 
starBase (based on 371 cancer samples and 50 normal samples) 
and it was revealed that the expression level of PIN1 was 
significantly higher in HCC tissues than in adjacent normal 
tissues (P<1x10-12; Fig. 4A). It was also revealed that DOX 
treatment increased the mRNA level of PIN1 in HUH7 and 
SNU449 cells (Fig. 4B). Pearson correlation analysis revealed 
a negative correlation between the expression level of PIN1 and 
miR-140-5p (Fig. 4C). Next, the role of PIN1 in cell viability 

Figure 2. miR-140-5p mimic enhances the sensitivity of HCC cells to DOX. (A) miR-140-5p was detected by RT-qPCR in HUH7 and SNU449 cells treated 
with miR-140-5p mimics or NC mimic, miR-140-5p inhibitor or NC inhibitor. ***P<0.001. (B and C) Cells were treated with different concentrations of DOX 
for 48 h, and then cell viability was detected using a CCK-8 assay. Overexpression of miR-140-5p sensitized HUH7 cells and SNU449 cells to DOX; inhibition 
of miR-140-5p (miR-140-5p inhibitor) enhanced resistance to DOX in HUH7 cells and SNU449 cells. *P<0.05. (D and E) Cell proliferation was measured 
using the EdU assay and the EdU-positive cell ratio was calculated in cells transfected with miR-140-5p mimics or NC mimics. The data in all experiments 
are presented as the mean ± SD of three independent experiments. **P<0.01 and ***P<0.001 compared to the NC mimic + Dox. miR-140-5p, microRNA-140-5p; 
HCC, hepatocellular carcinoma; DOX, doxorubicin; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; NC, negative control; CCK-8, 
Cell Counting Kit-8; SD, standard deviation.
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Figure 3. PIN1 is a direct target of miR-140-5p. (A) miR-140-5p was predicted to bind to the 3'-UTR of PIN1 mRNA by TargetScan. (B) Alignment of 
miR-140-5p with PIN1 3'-UTR. (C) Luciferase assay for the direct targeting of the 3'-UTR of PIN1 by miR-140-5p. ***P<0.001. (D) PIN1 mRNA expression 
in HUH7, SNU449, THLE-2 and SNU387 cells transfected with miR-140-5p mimics or NC mimics was analyzed by RT-qPCR. **P<0.01. (E) PIN1 protein 
expression in HUH7, SNU449 THLE-2 and SNU387 cells transfected with miR-140-5p mimics or NC mimics was analyzed by western blotting. PIN1, 
peptidyl-prolyl cis-trans isomerase NIMA-interacting 1; miR-140-5p, microRNA-140-5p; NC, negative control; RT-qPCR, reverse transcription-quantitative 
polymerase chain reaction.
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and proliferation was examined using siRNA to knock down 
the gene in HUH7 and SNU449 cells. The PIN1 protein expres-
sion was inhibited in HUH7 and SNU449 cells transfected 
with PIN siRNA (Fig. 4D). HUH7 and SNU449 cells in which 

PIN1 was knocked down exhibited significantly suppressed 
cell viability in a dose-dependent manner compared with cells 
transfected with NC siRNA (Fig. 4E and F). Consistently, 
PIN1 siRNA significantly inhibited cell proliferation in the 

Figure 4. Knockdown of PIN1 enhances the sensitivity of HCC cells to DOX. (A) Expression level of PIN1 from starBase v3.0 database. (B) DOX treatment 
increased PIN1 mRNA levels in HUH7 and SNU449 cells. **P<0.01. (C) The correlation between miR-140-5p and PIN1 expression was determined by Pearson 
correlation analysis. (D) PIN1 protein level was decreased by transfection of PIN1 siRNA. (E and F) Silencing of PIN1 by transfection of PIN1 siRNA 
sensitized HUH7 and SNU449 cells towards DOX. **P<0.01. (G and H) Cell proliferation was measured by the EdU assay and the EdU-positive cell ratio was 
calculated in cells transfected with PIN1 siRNA following DOX exposure. **P<0.01. PIN1, peptidyl-prolyl cis-trans isomerase NIMA-interacting 1; HCC, 
hepatocellular carcinoma; DOX, doxorubicin; siRNA, small interfering RNA; NC, negative control.
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presence of DOX compared with NC siRNA (Fig. 4G and H). 
These results demonstrated that knockdown of PIN1 increased 
the sensitivity of HCC cells to DOX.

miR-140-5p enhances the sensitivity of HCC cells to DOX 
through inhibition of PIN1. To investigate whether miR-
140-5p enhances the sensitivity of HCC cells to DOX by 
suppressing PIN1, HUH7 and SNU449 cells were transfected 
with PIN1 siRNA or a miR-140-5p inhibitor and PIN1 siRNA 
and then treated with different concentrations of DOX. The 
results of the CCK-8 assay revealed no significant differ-
ence in HUH7 and SNU449 cells between the two treatment 
groups, indicating that miR-140-5p mediated the sensitivity 
of HCC cells to DOX through inhibition of PIN1 (Fig. 5A 
and B). Furthermore, the effect of miR-140-5p mimic on the 
sensitivity of PIN1mut plasmid to DOX was determined in 
HUH7 and SNU449, revealing that miR-140-5p mimic did not 
reduce the sensitivity of PIN1mut plasmid to DOX in HUH7 
and SNU449 cells (Fig. 5C and D).

Discussion

Recently it has been reported that miR-140-5p was significantly 
decreased in HCC tissues as compared with that of adjacent 
non-tumorous liver tissues and it suppresses tumor growth and 
metastasis (15). We therefore hypothesized that miR-140-5p is 
involved in drug resistance in HCC. In the present study, it was 
observed that miR-140-5p was downregulated in HCC tissues 
and cell lines using starBase 3.0. Of the cell lines identified in 

starBase, HUH7 and SNU449 cells were selected to perform 
subsequent experiments. The present study revealed that miR-
140-5p acted as a suppressor gene in HCC. DOX is widely used 
for the treatment in cancers. However, resistance among cancer 
cells has emerged as a major barrier to effective treatment using 
DOX (17,18). In the present study it was revealed that DOX treat-
ment decreased miR-140-5p expression in HUH7 and SNU449 
cells. The expression of miR-140-5p was higher in HUH7 
cells than SNU449 after treatment with DOX IC50, while the 
HCC cell line HUH7 was more sensitive than SNU449 cells 
after treatment with DOX. The expression of miR-140-5p was 
higher, indicating that the sensitivity to DOX was enhanced. 
Subsequently, gain-of-function experiments revealed that miR-
140-5p mimics could enhance DOX sensitivity and decrease 
the proliferation rate in HUH7 and SNU449 cells.

MicroRNAs have been demonstrated to play an 
important role in tumor proliferation, migration, and drug 
resistance (19-21). They function mainly by silencing target 
gene expression through imperfect base pairing with cognate 
transcripts. Based on this incomplete pairing, one miRNA can 
target multiple different mRNAs (22). TargetScan was used 
to identify potential target genes of miR-140-5p. Not surpris-
ingly, 434 target genes predicted to bind to miR-140-5p were 
identified. Among the various target genes, PIN1 was selected 
to study its association with miR-140-5p.

PIN1, a highly conserved and specific polypeptide proline 
cis-trans isomerase, can specifically catalyze the occurrence 
of cis-trans isomerization of phosphorylated serine/threonine-
proline (pS/T-P) sequences, which affects the function of 

Figure 5. miR-140-5p enhances the sensitivity of HCC cells to DOX through inhibition of PIN1. (A and B) Cells were induced with PIN1 siRNA or PIN siRNA 
+ miR-140-5p inhibitor, treated with different concentrations of DOX for 48 h, and then cell viability was detected using the CCK-8 assay. There was no differ-
ence in cell viability between the two groups in HUH7 and SNU449 cells. (C and D) HUH7 and SNU449 cells were induced with PIN1mut plasmid or PIN1mut 
plasmid + miR-140-5p mimic, treated with different concentrations of DOX for 48 h, and then cell viability was detected using the CCK-8 assay. miR-140-5p 
mimic did not reduce the sensitivity of PIN1mut plasmid to DOX in HUH7 and SNU449 cells. **P<0.01. miR-140-5p, microRNA-140-5p; HCC, hepatocellular 
carcinoma; DOX, doxorubicin; PIN1, peptidyl-prolyl cis-trans isomerase NIMA-interacting 1; mut, mutant; CCK-8, Cell Counting Kit-8; NC, negative control.
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substrate proteins (23-25). PIN1 is a key regulator of multiple 
cell processes, including cell cycle progression, cell prolifera-
tion and apoptosis (26). Increasing evidence has revealed that 
PIN1 is aberrantly increased in most human cancers, including 
colorectal cancer, esophageal squamous-cell carcinoma, glio-
blastoma and prostate, breast and lung cancers (25,27-29). In 
addition, in vivo, PIN1 was revealed to enhance tumorigenesis 
in a Li-Fraumeni mouse model (30). Yan et al (31) had demon-
strated that miR-140-5p could inhibit HCC growth, migration 
and invasion by targeting PIN1. These findings suggested that 
PIN1 is a potential therapeutic target for cancer treatment. In 
the present study, starBase was used to observe the expression 
of PIN1 in HCC. Consistent with previous results, PIN1 was 
revealed to be higher in HCC tissues than that in the normal 
control tissues. In addition, PIN1 expression was detected in 
HUH7 and SNU449 cells following DOX exposure. It was 
revealed that PIN1 expression was increased in treated cells 
compared to the untreated cells. Based on these results, it was 
hypothesized that miR-140-5p may regulate DOX sensitivity 
via targeting PIN1.

In order to assess the correlation between miR-140-5p 
and PIN1, a luciferase assay was first used to investigate 
whether miR-140-5p could regulate the expression of PIN1 
in HCC cells. It was observed that miR-140-5p mimics 
could significantly decrease the luciferase activity in 
the PIN1 3'-UTR wild-type group while no change was 
observed in the PIN1 3'-UTR mutation group. Furthermore, 
it was revealed that miR-140-5p mimics could decrease the 
expression of PIN1 in HUH7 and SNU449 cells. To further 
demonstrate this result, siRNA was used to suppress the 
expression of PIN1 in HUH7 and SNU449 cells. It was 
observed that the PIN1 siRNA efficiently knocked down 
PIN1 expression and this enhanced DOX sensitivity and 
suppressed cell proliferation in the presence of DOX in 
HUH7 and SNU449 cells. However, when a miR-140-5p 
inhibitor was co-transfected with PIN1 siRNA the DOX 
sensitivity was not significantly different from the PIN1 
siRNA group in both the HUH7 and SNU449 cells; 
while miR-140-5p mimic did not reduce the sensitivity of 
PIN1mut plasmid to DOX in HUH7 and SNU449 cells. 
Thus, it was demonstrated that miR-140-5p could increase 
DOX sensitivity of HCC cells via targeting PIN1. However, 
the results of the present study were limited as the effect of 
miR-140-5p on DOX sensitivity was not confirmed in vivo. 
This should be evaluated in future studies.

In conclusion, the present study demonstrated that over
expressed miR-140-5p could enhance DOX sensitivity of HCC 
cells by targeting PIN1. The miR-140-5p/PIN1 axis may be a 
novel target for HCC targeted therapy, and further in vivo and 
clinical investigations are required.
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