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Abstract: Hepatocellular carcinoma (HCC) is a common malignant tumor of the digestive system, and patients with 
advanced HCC have a poor outlook, partly due to resistance to chemotherapeutic drugs. Previous studies have 
implicated microRNAs in the regulation of chemoresistance, and we have previously shown that microRNA (miR)-
205-5p is down-regulated in multiple hepatoma cell lines. Here, we investigate whether miR-205-5p is involved in 
chemotherapeutic resistance in HCC. Expression of miR-205-5p was measured by real-time quantitative reverse 
transcription PCR and cell viability was determined using a CCK-8 cell viability assay. Expression of proteins in the 
PTEN/JNK/ANXA3 pathway were assessed via Western blotting. We found that miR-205-5p expression was down-
regulated in all HCC cell lines investigated. In addition, miR-205-5p expression was upregulated by 5-fluorouracil 
(5-Fu) treatment in Bel-7402 (Bel) cells. Interestingly, miR-205-5p expression was increased in multidrug-resistant 
Bel-7402/5-Fu (Bel/Fu) cells, compared with Bel cells. We next demonstrated that sensitivity to 5-Fu was increased 
in Bel/Fu cells after treatment with a miR-205-5p inhibitor. Similarly, increased resistance to 5-Fu was observed in 
Bel cells after transfection with a miR-205-5p mimic. We injected nude mice with Bel/5-Fu cells to promote tumor 
growth, and found that co-treatment with a miR-205-5p antagomir and 5-Fu slowed tumor growth more than either 
treatment alone. Finally, we found that these effects were all associated with changes in the PTEN/JNK/ANXA3 
pathway. In conclusion, inhibition of miR-205-5p may reverse chemotherapeutic resistance to 5-Fu, and this may 
occur via the PTEN/JNK/ANXA3 pathway. 
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Introduction

Hepatocellular carcinoma (HCC) is the most 
common malignant tumor of the digestive sys-
tem and is the second most common cause  
of cancer-related deaths worldwide [1]. In 
patients with advanced HCC, traditional thera-
pies have limited efficacy [2], partly due to 
resistance to the existing anti-cancer agents 
[3]. This resistance to chemotherapeutic drugs 
remains a barrier in HCC research, necessitat-
ing the identification of novel and feasible treat-
ment strategies.

Small non-coding RNA (microRNAs), are invo- 
lved in cell growth, differentiation, programmed 

cell death and immunity [4, 5]. In addition, 
some microRNAs are associated with cancer 
(oncomiRs) and can elicit tumor-suppressive 
functions (ts-miRs) by binding to the 3’ untrans-
lated region of target genes [6, 7]. Moreover, 
many studies have reported that microRNAs 
are related to the modulation of chemosensitiv-
ity and chemoresistance in a diverse popula-
tion of cancer cells [8-12]. We have previously 
demonstrated that microRNA 205-5p (miR-
205-5p) expression is down-regulated in di- 
verse HCC cells. Therefore, the aims of the 
present study were to determine if miR-205-5p 
is involved in the chemotherapeutic resistance 
of HCC and, if so, to investigate the underlying 
mechanisms. 
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Materials and methods

Cell culture 

The normal liver cell line LO2, the hepatoma 
cell line Bel-7402 (Bel), the Bel-7402/5-
fluorouracil (Bel/Fu), and the SMMC-7721 were 
purchased from KeyGen Biotech Co., Ltd. (Nan- 
jing, China). HCCLM3, MHCC97-H, MHCC97-L, 
and Huh-7 cells were obtained from Professor 
Liming Wang (The Second Affiliated Hospital of 
Dalian Medical University). All cells were cul-
tured under standard conditions, and Bel/Fu 
cells were maintained in medium containing  
20 µg/mL of the chemotherapeutic drug 
5-Fluorouracil (5-Fu). 

Reagents 

The Cell Counting Kit-8 (CCK-8) was purchased 
from Dojindo China Co., Ltd. The miRNA 
Isolation Kit (DP501), miRNA First-Strand cDNA 
Synthesis Kit (KR201), miRNA qPCR Detection 
Kit (SYBR Green, FP401), and hsa-miR-205-5p 
and hsa-U6 primers were purchased from 
Tiangen Biotech Co., Ltd. (Beijing, China). The 
5-Fu (F6627-1G) was obtained from Sigma-
Aldrich (St. Louis, MO, USA). The monoclonal 
rabbit anti-human antibodies for phosphatase 
and tensin homolog (PTEN; ab32199), c-Jun 
N-terminal kinase (JNK)1 + JNK2 + JNK3 (ab20- 
8035), phospho Thr183 + T183 + T221 (ab124- 
956), JunD (phospho S100) + c-Jun (phospho 
S73) (ab178858), hypoxia-inducible factor 
(HIF)-1-alpha (ab51608), P-glycoprotein (P-gp; 
ab170904), and glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH; ab181602) were all 
obtained from Abcam Trading Company Ltd 
(Shanghai, China). The polyclonal rabbit anti-
annexin A3 antibody (bs-1631R) was purchased 
from Biosynthesis Biotechnology Co., Ltd. 
(Beijing, China). The micrON™ hsa-miR-205-5p 
mimic (miR-205-5p mimic), micrON™ mimic 
negative control, micrOFF™ hsa-miR-205-5p 
inhibitor (miR-205-5p inhibitor), micrOFF™ in- 
hibitor negative control, riboFECTTM CP reagent, 
micrOFF™ hsa-miR-205-5p antagomir (anto- 
gomiR-205-5p) and micrOFF™ antagomir nega-
tive control were produced from RiboBio Co., 
Ltd. (Guangzhou, China).

Cell viability assay 

Cell viability was assessed using the CCK-8 
assay, per the manufacturer’s instruction. 

Briefly, cells (5 × 103) were seeded into 96-well 
plates and cultured in 100 µL of the corre-
sponding culture medium (described above). 
After 24 h, different concentrations of 5-Fu 
agent were added to the culture medium. 
Following incubation at 37°C for 48 h, the medi-
um was exchanged for 100 µL of medium and 
10 µL of CCK-8 reagent. Then, cells were again 
incubated for 2 h at 37°C. Finally, the optical 
density was measured using an EnSpire™ 2300 
Multilabel Reader (PerkinElmer, Inc., Waltham, 
MA, USA) at 450 nm. Three replicates were pre-
pared for each condition. The IC50 of 5-Fu in 
HCC cells were counted.

Real-time quantitative reverse transcription 
PCR (RT-qPCR) 

Total miRNA was extracted from cells using the 
miRNA Isolation Kit, according to the manufac-
turer’s instructions. To detect mature miR-205-
5p, total miRNA was polyadenylated with poly(A) 
polymerase, then reverse transcription was 
performed using a poly(A)-tailed total RNA and 
reverse transcription primer, per the instruc-
tions of the manufacturer of the miRNA First-
Strand cDNA Synthesis Kit. RT-qPCR was per-
formed using a Bio-Rad Laboratories (Berkeley, 
CA) sequence detection system and the miRNA 
qPCR Detection Kit, according to the manufac-
turer’s instructions. The data were normalized 
to endogenous U6 small nuclear (sn)RNA. The 
expression levels of miRNAs were calculated 
using the equation 2-ΔΔCT in which ΔCT = CT 205-
CT U6 [13].

Transfection of miRNA 

Cells were cultured in a 6-well plate for 24 
hours and then transfected with miRNA. The 
miRNA transfections were performed using 
riboFECTTM CP Reagent, according to the manu-
facturer’s instructions. 

Western blotting

Cells were lysed in 1 mL of RIPA buffer (KeyGen 
Biotech Co., Ltd. Nanjing, China) supplemented 
with 10 μL phenyl methane sulfonyl fluoride 
(KeyGen Biotech Co., Ltd. Nanjing, China) and 
10 μL of phosphatase inhibitor cocktail (KeyGen 
Biotech Co., Ltd. Nanjing, China) to obtain all 
cellular protein. Protein concentrations were 
determined using a BCA Protein Assay Kit 
(Beyotime. Shanghai, China) and subsequently 
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boiled for 10 min at 100°C. Samples contain-
ing equal protein concentrations were separat-
ed by 10% SDS-PAGE gels and then transferred 
onto polyvinylidene difluoride membranes 
(Millipore, USA). Finally, protein band intensities 
were evaluated using a FUSION FX5 Gel Imaging 
System (VILBER, France) using Western Bright 
Sirius ECL kit (Advansta, Menlo Park, CA, USA) 
and normalized to corresponding GAPDH 
bands. All experiments were performed at least 
three times.

Animal studies

Only male nude (nu/nu) mice (4-6 weeks old) 
were used, and all animal experiments were 
performed in the SPF Laboratory Animal Center 
at Dalian Medical University. All animal mainte-
nance and procedures were carried out in strict 
accordance with the guidelines of the U.S. 
National Institutes of Health Guide for the Care 
and Use of Laboratory Animals as well as the 
recommendations established by the Animal 
Care and Ethics Committee of Dalian Medical 
University. The protocol was also approved by 
the Animal Care and Ethics Committee of Dalian 
Medical University.

Bel-7402/5-Fu cells (1-5 × 106 in 100 μL of 
phosphate buffered saline) were injected sub-
cutaneously into the left armpit of the nude 
mice. After two weeks, when the tumor diame-
ters had reached 4-5 mm, mice were randomly 
divided into four groups (n = 5 mice/group) 

which received the following treatments: un-
treated (“NS” group), injections of 30 mg/kg 
5-Fu in saline buffer (“5-Fu” group), injections 
of 10 nmol of antagomiR-205-5p (an inhibitor 
of miR205-5p) in 50 μL of saline buffer (“miR” 
group), or simultaneous injections of both 
antagomiR-205-5p and 5-Fu (“5-Fu+miR” 
group). Tumors were measured with a vernier 
caliper every four days, and tumor volume was 
calculated using the formula V = 1/2 a2 × b 
(where a is the length and b is the width). Five 
weeks after tumor cell inoculation, all mice 
were terminated with ether anesthesia and the 
total weight of the tumors in each mouse was 
determined. 

Statistical analysis

All experiments were repeated three times. The 
student’s t-test and one-way analysis of vari-
ance (ANOVA) were performed, and a p-value of 
<0.05 was defined as statistical significance. 
SPSS 20.0 software was used for all statistical 
analyses. 

Results

Expression of miR-205-5p in hepatoma cells

Decreased expression of miR-205-5p was 
observed in all lines of HCC cells (HCCLM3, 
MHCC97-H, MHCC97-L, Huh-7, Bel-7402, SM- 
MC-7721 cells) compared with the normal liver 
cell line, LO2 (Figure 1). The IC50 of 5-Fu was 
determined in the HCC cell line Bel and the mul-
tidrug-resistant cell line Bel/Fu and found to be 
5.498 μg/mL and 1073 μg/mL, respectively 
(Figure 2A, 2B). Interestingly, miR-205-5p expre- 
ssion was increased in Bel/Fu cells compared 
with normal Bel cells (Figure 2C).

Chemotherapeutic resistance is regulated by 
miR-205-5p expression in vitro

Treatment with 5-Fu increase the expression of 
miR-205-5p in Bel cells in a dose-dependent 
manner (Figure 2D). Bel cells were transfected 
with hsa-miR-205-5p, which mimics mature 
endogenous miR205-5p. Transfection with the 
miR-205-5p mimic increased the resistance of 
Bel cells to 5-Fu, at all doses tested (Figure 2E, 
2F). Conversely, transfection of multidrug-resis-
tant Bel/Fu cells with a miR-205-5p inhibitor 
reversed the chemotherapeutic resistance of 
these cells to 5-Fu (Figure 2G, 2H).

Figure 1. Expression of miR-205-5p was detected 
in multiple hepatocellular carcinoma cell lines us-
ing RT-qPCR and normalized to expression levels in 
normal liver cells (LO2). The data are presented as 
the mean ± SD of three independent experiments 
*p<0.01.
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Figure 2. Expression of miR-205-5p regulates chemotherapeutic resistance. The IC50 of 5-Fu was determined using a CCK-8 cell viability assay in Bel cells and multi-
drug-resistant Bel/Fu cells (A, B). The expression of miR-205-5p was determined in Bel/Fu cells using RT-qPCR and compared with that of Bel cells (C). Expression of 
miR-205-5p was reduced in Bel cells by 5-Fu treatment, in a dose-dependent manner (D). Bel cells were transfected with hsa-miR-205-5p, a small double-stranded 
RNA molecule that mimics mature endogenous miR-205-5p, and the transfection efficiency is shown in (E), compared with the non-transfected control (NC). Trans-
fection with the miR-205-5p mimic increased the resistance of Bel cells to 5-Fu, at all doses tested, as determined by a cell viability assay (F). Multidrug-resistant 
Bel/Fu cells were transfected with a miR-205-5p inhibitor and the transfection efficiency is shown in (G). Transfection with the miR-205-5p inhibitor decreased the 
resistance of Bel/Fu cells to 5-Fu (H). The data are presented as the mean ± SD of three independent experiments. *p<0.01, §p<0.05.
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Inhibition of miR-205-5p reverses chemothera-
peutic resistance in vivo

Nude mice were injected with Bel/5-Fu cells to 
promote the growth of HCC xenografts. Tumor 
growth was slower in the 5-Fu+miR group (co-
treated with a miR-205-5p inhibitor and 5-Fu) 
than in the 5-Fu or miR groups alone (Figure 
3A, 3B). This finding was further corroborated 
with both tumor volume and weight (Figure 3C, 
3D).

Regulation of chemotherapeutic resistance by 
miR-205-5p occurs via the PTEN/JNK/ANXA3 
pathway.

To identify a molecular mechanism by which 
miR-205-5p elicits its effects, we investigated 
proteins in the PTEN/JNK/ANXA3 pathway 

using Western blotting. We found that the 
expression of PTEN was reduced after 5-Fu 
treatment in Bel cells. Furthermore, the expres-
sion of phosphorylated JNK, along with c-Jun, 
which is a protein downstream of JNK, was 
increased. Expression of ANXA3, a member of 
the annexin family, was also increased by 5-Fu 
treatment in Bel cells. Finally, the high expres-
sion ANXA3 enhanced the expression of HIF-1а 
and P-gp. These findings were corroborated by 
our results in Bel cells transfected with a miR-
205-5p mimic, and in Bel/Fu cells transfected 
with a miR-205-5p inhibitor (Figures 4, S1).

Discussion

Several recent studies have demonstrated that 
miR-205 functions as an oncogene or tumor 

Figure 3. Inhibition of miR-205-5p reverses chemotherapeutic resistance in vivo. Hepatocellular carcinoma xeno-
grafts were established by injecting Bel/5-Fu cells into nude mice (A). The growth of tumor xenografts was slower 
in the combined 5-Fu+miR treatment group than in either the 5-Fu or miR groups alone (B). Tumor volume (C) and 
weight (D) are shown for each treatment group over time. The data are presented as the mean ± SD of three in-
dependent experiments. (NS: control group; 5-Fu: 5-Fu treatment group; miR: antagomiR-205-5p treatment group; 
5-Fu+miR: co-treatment with 5-Fu and antagomiR-205-5p). *p<0.01, §p<0.05.
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suppressor gene in multiple cancer cell lines 
[14-18]. However, the involvement of miR-205 
in HCC remains to be elucidated [19, 20]. In our 
study, we found that expression of miR-205 
was suppressed in multiple HCC cells lines; 
specifically, Bel-7402, MHCCLM3, Huh-7, HCC- 
97-H, HCC97-L and SMMC-7721, compared 
with a normal liver cell line (LO2).

MicroRNAs have been reported to be involved 
in diverse biological processes, as well as in 
carcinogenesis by regulating gene expression. 
The present study showed that miR-205-5p 
expression was induced by 5-Fu treatment in 
Bel cells, and that Bel/Fu cells express miR-
205-5p more highly than Bel cells. Therefore, 
we speculate that miR-205-5p may play an 
important role in the regulation of the chemo-
therapeutic resistance of HCC. In addition, we 
further demonstrated that transfection with a 
miR-205-5p mimic increased the resistance of 
Bel cells to 5-Fu. Similarly, transfection of Bel/
Fu cells with a miR-205-5p inhibitor increased 
sensitivity to 5-Fu. Our findings in vitro were in 
agreement with our in vivo experiments, which 
showed that tumor growth was slower in mice 
treated with both antagamiR-205-5p and 5-Fu, 
compared to either treatment alone. Taken 
together, our findings show that miR-205-5p is 

Bel cells, by liquid chromatography-mass spec-
trometry (MS)/MS [28], a high-throughput pro-
teomic technology. Furthermore, ANXA3 pro-
motes resistance to chemotherapy in HCC 
mainly by enhancing the expression of HIF-1 
[29]. In our study, we verified that PTEN expres-
sion was reduced, and the expressions of phos-
phorylated JNK, c-Jun, ANXA3, HIF-1а and p-gp 
were increased, by 5-Fu treatment in Bel cells. 
These findings corresponded to our findings in 
Bel cells following transfection with the miR-
205-5p, as well as those in Bel/Fu cells follow-
ing miR-205-5p inhibitor transfection. Taken 
together, these results suggest that the PTEN/
JNK/ANXA3 pathway may be involved in the 
regulation of chemotherapeutic resistance in 
HCC cells.

In conclusion, the present study provides 
experimental evidence that inhibition of miR-
205-5p improves the responsiveness of Bel/Fu 
cells to 5-Fu treatment. In addition, miR-205-
5p may be a novel therapeutic target for HCC.
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Figure 4. Expression of proteins in the PTEN/JNK/ANXA3 pathway. Protein 
levels were analyzed by Western botting in Bel cells with the indicated doses 
of 5-Fu treatment, in Bel cells following transfection of a miR-205-5p mimic, 
and in Bel/Fu cells following transfection of a miR-205-5p inhibitor. All protein 
band intensities were normalized to the corresponding GAPDH band. NC: non-
transfected control; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; 
JNK: c-Jun N-terminal kinase; P-JNK: phosphorylated JNK; ANXA3: annexin 3; 
HIF-1: hypoxia-inducible factor 1; P-gp: P-glycoprotein.

involved in the regulation of 
chemotherapeutic resistan- 
ce in HCC.

Previous studies have dem-
onstrated that PTEN is a 
direct target of miR-205-5p 
[21-24], which regulates the 
expression of PTEN by bin- 
ding to the 3’ untranslated 
region in multiple cancers. 
The JNK/c-Jun pathway has 
also been shown to be 
involved in the chemoresis-
tance of HCC [25], and phos-
phorylation of JNK may be 
associated with PTEN [26]. 
The protein ANXA3, a mem-
ber of the annexin family, is 
downstream of the JNK/c-
Jun pathway [27]. A previous 
study revealed that ANXA3 
expression is increased in 
Bel/Fu cells, compared with 
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Supplemental Data

All protein levels of PTEN/JNK/ANXA3 pathway were analyzed by western bot. In order to provide all 
original western images more clearly, we numbered all western protein bands from 1 to 24 in the Figure 
4. Then, the selected protein bands showed in the Figure S1 were signed in the red. 

Figure S1. Deregulation of PTEN/JNK/ANXA3 pathway. All protein levels were analyzed by western bot in Bel cells 
with 5-Fu treatment, in Bel cells with transfection of miR-205-5p mimic and Bel/Fu cells with transfection of miR-
205-5p inhibitor. The protein band intensities are normalized to GAPDH.


