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Abstract. Liver cancer is one of the most malignant cancer,
with poor outcomes and a high incidence rate, and current
treatment approaches to prevent tumor progression and
development remain unsatisfactory. Therefore, it is urgent to
explore novel methods to inhibit tumor growth and metas‑
tasis. Autophagy is a highly conserved process associated
with metastasis and drug resistance. Lipids are selectively
recognized and degraded via autophagy; thus, autophagy is a
crucial process to maintain tumor self‑protection. MicroRNA
(miR)‑425 is a tumor‑associated gene involved in liver cancer
development that can induce cell proliferation and drug resis‑
tance. Using Cell Counting Kit‑8 assays, western blot analysis
and immunofluorescence assays, the present study revealed
that inhibition of miR‑425 promoted lipophagy by medi‑
ating the autophagy process, which in turn helps to promote
sorafenib resistance. Using a bioinformatics website, it was
revealed that autophagy promoted lipophagy by targeting
silent information regulator 2 homolog 1 (SIRT1). The results
of luciferase reporter assays supported this finding, and rescue
experiments provided additional evidence. Overall, the current
results suggested that inhibition of miR‑425 expression
increased SIRT1 expression to promote lipophagy, leading to
the inhibition of liver cancer cell proliferation.
Introduction
Liver cancer has the third highest rate of cancer‑associated
death worldwide (1). Hepatitis B virus infection is associ‑
ated with most cases of liver cancer in China, accounting for
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~85% of cases (2). Currently, the treatment of liver cancer
mainly involves surgery, radiotherapy and chemotherapy.
Although sorafenib has been established as an effective drug
for advanced liver cancer, renal cell carcinoma and thyroid
cancer, the number of patients with liver cancer exhibiting
a complete response to sorafenib is small (3). In view of the
emerging crisis of sorafenib resistance in hepatocellular carci‑
noma, further research on drug resistance is urgently required.
Autophagy is a cellular metabolic process in which cells
degrade their own components through lysosomes or vacuoles
to maintain normal physiological activities and homeostasis (4).
In the process of tumor development, autophagy can allow the
growth requirements of tumor cells to be met by degrading
organelles and proteins (4). Altering the autophagy level in
tumor cells is a new proposed approach for tumor therapy (5).
Recently, a type of selective autophagy called lipophagy,
through which lipids are selectively recognized and degraded,
has been identified (6). Lipophagy serves an important role
in regulating lipid metabolism and maintaining intracellular
lipid homeostasis (6). Lipophagy is directly or indirectly regu‑
lated by genes, enzymes, transcription regulators and other
factors (7,8). Several studies support the idea that de novo
lipogenesis in cancer cells is associated with chemoresistance
at multiple levels (6,7,9). The ability of lipophagy to respond to
changes in nutrient supply allows the cell to alter lipid droplet
(LD) metabolism to meet the cell's energy demands (10).
Activation of lipophagy combined with standard chemo‑
therapy can effectively decrease the LDs leading to improved
chemotherapy efficiency (11). Consequently, targeting lipo‑
phagy to mediate LDs degradation may be a novel strategy to
treat tumors and overcome drug resistance.
Non‑coding RNAs (ncRNAs) have recently become
recognized as important regulators in signaling pathways
associated with drug resistance in liver cancer (12). Therefore,
pharmacological targeting of these ncRNAs may constitute
a novel strategy for reversing drug resistance (13). As an
important protein involved in the nutrient‑sensing pathway,
along with the mammalian target of rapamycin protein and
AMP‑activated kinase in mammals, silent information
regulator 2 homolog 1 (SIRT1) directly induces autophagy
by deacetylating autophagy‑related gene (ATG)5, ATG7 and
LC3 (14). SIRT1 can also deacetylate FOXO to regulate the
expression of autophagy regulatory molecules and modulate
lipophagy (15,16). However, the role of ncRNAs in regulating
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lipophagy in the context of drug resistance has not been
reported. MicroRNA (miR/miRNA)‑425 is an oncogene that
serves an important role in tumor progression and develop‑
ment (13); however, it has no clear mechanism in HCC drug
resistance. The present study aimed to explore the mechanism
by which miR‑425 regulates lipophagy and the effect of
miR‑425 on sorafenib resistance.
Materials and methods
Chemicals and materials. miR‑425 mimics and miR‑425
inhibitor were purchased from Shanghai GenePharma Co.,
Ltd. Anti‑LC3 (cat. no. 13394; Cell Signaling Technology,
Inc.; 1:1,000) and anti‑β‑actin antibodies were purchased from
Abcam (cat. no. ab8226; 1;1,000). Bafilomycin A (BafA1;
25 nM; Beyotime Institute of Biotechnology) was used for
treatment for 6 h at 37˚C.
Cell culture. HepG2 (CoBioer Biosciences Co., Ltd.;
cat. no. CBP60199), Hep3B (CoBioer Biosciences Co., Ltd.;
cat. no. CBP60197), PLC (CoBioer Biosciences Co., Ltd.;
cat. no. CBP60223), Huh7 (CoBioer Biosciences Co., Ltd.;
cat. no. CBP60202) and MIHA (Hunan Fenghui Biotechnology
Co., Ltd.; cat. no. CL0469) cells were cultured in DMEM
(cat. no. 12430104; Invitrogen; Thermo Fisher Scientific,
Inc.) supplemented with 10% FBS (cat. no. 10091148;
HyClone; Cytiva) and 1% penicillin‑streptomycin solution
(cat. no. 15140163; Gibco; Thermo Fisher Scientific, Inc.; ratio
9:1:1) at 37˚C and 5% CO2. Cross‑contamination of the cell
lines was excluded by short tandem repeat profiling (17,18).
BODIPY staining. Cells were fixed with 4% paraformaldehyde
for 10 min at room temperature and stained with 1 µg/ml
BODIPY (cat. no. 493/503; Sigma‑Aldrich; Merck KGaA)
in PBS for 10 min at room temperature (11). After staining,
coverslips were washed with PBS and mounted in a slide with
Prolong Gold Antifade Reagent (Invitrogen; Thermo Fisher
Scientific, Inc.). BODIPY stained cells were examined under
an inverted confocal fluorescence microscope (Zeiss AG;
magnification x400).
Cell transfection. miR‑425 mimics (5'‑GUCA AAA AUGUC
GAUAUGUCAUU‑3'; 25 µM) and miR‑425 inhibitor (5'‑GGG
GAGT TAG GAT TAG GTC‑3'; 50 µM) were purchased from
Shanghai GenePharma Co., Ltd. Liver cancer cells were
seeded in 6‑well plates at 5x105 cells/well. When the cells
were 70% confluent, Lipofectamine® 3000 (cat. no. L3000015;
Invitrogen; Thermo Fisher Scientific, Inc.) was used for trans‑
fection with the miR‑425 mimics, miR‑425 inhibitor or the
corresponding negative control (miR‑NC 5'‑CTCG CTTCG
GCAGCACA‑3' and si‑NC: 5'‑AACGCTTCACGAATTTGC
GT‑3') at 37˚C and 5% CO2. The culture medium was changed
after 6 h, and cells were harvested for PCR analysis after 48 h,
while western blotting was performed after 72 h.
Immunofluorescence. Liver cancer cells were stained with
anti‑LC3 antibody (abcam; cat. no. ab225383) for 48 h and
were then treated with miR‑425 inhibitors and stained with
1 µg/ml BODIPY (cat. no. 493/503; Sigma‑Aldrich; Merck
KGaA) in PBS for 10 min at room temperature. After

induction of autophagy by miR‑425 inhibitors, the number
of mCherry‑positive cells was increased compared with that
of untreated cells. Red fluorescent protein expression was
quantitatively analyzed by ImageJ (v1.52) software. Cells were
grown overnight on cover glasses, fixed with 4% paraformal‑
dehyde (37˚C and 5% CO2) and sealed with PBS containing
1% bovine serum albumin (BSA; cat. no. ST023; Beyotime
Institute of Biotechnology) for 1.5 h at room temperature.
Stained samples were visualized using a Zeiss‑LSM 510
fluorescence microscope (Zeiss AG; magnification, x400).
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Reverse transcription‑quantitative (RT‑q)PCR. All detec‑ 72
tion of miRNA expression was performed by RT‑qPCR. 73
TRIzol® reagent (cat. no. 15596026; Invitrogen; Thermo 74
Fisher Scientific, Inc.) was used to lyse cells for extraction of 75
total RNA. Total RNA (2 µg) was reverse transcribed using 76
a microRNA kit according to the manufacturer's protocol 77
(cat. no. 4366596; Invitrogen; Thermo Fisher Scientific, Inc.). 78
A 20‑µl final reaction mixture was used for qPCR amplifica‑ 79
tion using SYBR Green PCR Master Mix (cat. no. 4309155; 80
Thermo Fisher Scientific, Inc.). Pre‑denaturation at 95˚C for 81
3 min, denaturation at 95˚C for 30 sec, annealing at 55˚C for 82
30 sec, extension at 72˚C for 60 sec, for a total of 30 cycles, and 83
after completion of the cycle, extension at 72˚C for 5 min. The 84
target mRNA expression levels were normalized to the levels 85
of β‑actin, U6 was used as an reaction internal reference. All 86
samples were repeated for 3 wells. RNA expression levels were 87
calculated using the 2‑ΔΔCq method (19). The primer sequences 88
used were as follows: MiR‑425 forward, 5'‑TGCG CTCAG 89
CAAACAT TTATTG‑3' and reverse, 5'‑CCAGTGCAGG GT 90
CCGAGGTATT‑3'; U6 forward, 5'‑CTCGCTTCGGCAGCA 91
CA‑3' and reverse, 5'‑AACG CTTCACGAATTTGCGT‑3'; 92
SIRT1 forward, 5'‑GTGCAGGTAGTTCCTCGGTG‑3' and 93
reverse, 5'‑CACAACTCACAGCATGCACAA‑3'; and β‑actin 94
forward, 5'‑AGCGAGCATCCCCCAA AGT T‑3' and reverse, 95
5'‑GGGCACGAAG GCT CAT CAT T‑3'; ATGL forward, 96
5'‑GTGTCAGACG GCGAGA ATG ‑3', reverse, 5'‑TGGAGG 97
GAGGGAGGGATG‑3'
98
99
Western blot analysis. Cells were lysed in RIPA buffer 100
(cat. no. P0013B; Beyotime Institute of Biotechnology) at 4˚C 101
for 2 h. Supernatants were collected and the protein concentra‑ 102
tions were quantified by bicinchoninic acid (BCA) via using a 103
BCA protein assay kit (Beyotime Institute of Biotechnology). 104
Proteins (30 µg/lane) were separated via 10% SDS‑PAGE and 105
were then transferred onto PVDF membranes (cat. no. 88585; 106
Thermo Fisher Scientific, Inc.). Subsequently, membranes were 107
blocked in 5% BSA for 2 h at 37˚C and incubated with anti‑LC3 108
(1:1,000), anti‑ATGL (1:1,000) (Abcam; cat. no. ab207799) 109
or anti‑ β ‑actin (1:1,000; cat. no. ab8226; Abcam) primary 110
antibodies overnight at 4˚C. After primary antibody incu‑ 111
bation, membranes were incubated with HRP‑conjugated 112
secondary antibodies (cat. no. sc‑2357; 1:5,000; Santa Cruz 113
Biotechnology, Inc). The proteins were visualized using an 114
enhanced chemiluminescence detection kit (Amersham; 115
Cytiva). The gray values of the protein bands were measured 116
using ImageJ (v1.52) software (National Institutes of Health). 117
118
Luciferase reporter assay. The SIRT1 3'UTR containing the 119
specific binding site for miR‑425 was amplified by PCR. The 120
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3'UTR sequence containing a mutation in the specific binding
site was also amplified, and then the sequences were inserted
into the pre‑miR‑RB‑REPORT vector and transfection into
cells (Thermo Fisher Scientific, Inc.). Lipofectamine 3000 was
used to transfection (Lipofectamine® 3000; cat. no. L3000015;
Invitrogen; Thermo Fisher Scientific, Inc.). After 24 h of trans‑
fection with mimic‑NC and miR‑425 mimics, a luciferase
assay system (cat. no. 16170; Thermo Fisher Scientific, Inc.)
was used to perform the assay, and Renilla luciferase activity
was used for normalization.
Cell Counting Kit‑8 (CCK‑8) assay. Cells (2,000 cells/well)
were seeded in 96‑well plates (Corning, Inc.) in DMEM with
10% FBS (cat. no. 10091148; HyClone; Cytiva). Cells were
then treated with sorafenib (10 µM, 37˚C and 5% CO2). After
culturing the cells for 48 h, CCK‑8 solution (cat. no. C0037;
Beyotime Institute of Biotechnology) was added to the cells for
30 min at room temperature. The absorbance was measured
with an ELISA plate reader (Varioskan Flash; Thermo Fisher
Scientific, Inc.) at 450 nm.
Bioinformatic analysis. The Cancer Genome Atlas (TCGA) liver
cancer datasets were obtained from https://portal.gdc.cancer.
gov/. Gene Expression Omnibus (GEO) datasets (dataset nos.
GSE93595 and GSE94550) (20,21) were obtained from https://
www.ncbi.nlm.nih.gov/geo/. The gene expression matrix for the
TCGA datasets was analyzed using R software v4.0.2 (limma
package v3.44.3) (22,23) using log fold‑change (FC) >0.6 or
logFC <‑0.6 and P<0.05 as the cut‑off values, and the correlation
between miR‑425 and SIRT1 expression was evaluated using
Pearson correlation analysis with SPSS (22.0; IBM, Corp.). GEO
datasets were analyzed with GEO2R (v3.2.3) (Table SI) (24,25),
and Venn diagrams were generated with VennDiagram
(v1.2.20) (24,25). The site for miR‑425 binding with SIRT1 was
predicted using StarBase 2.0 (http://starbase.sysu.edu.cn/).
Invasion and migration assays. Cells (2x104 cells/chamber)
were seeded on the upper of the transwell chambers (Thermo
Fisher Scientific, Inc.), DMEM (cat. no. 12430104; Invitrogen;
Thermo Fisher Scientific, Inc.) and FBS (10%) were plated in
the lower chamber, and invasion assays were added matrix
(4˚C, duration of precoating: 30 min), Matrigel was used to
distinguish between migration and invasion. After 48 h, cells
were fixed with 4% paraformaldehyde (37˚C and 5% CO2) for
20 min and then washed using PBS three times. Subsequently,
crystal violet (0.05% for 30 min at room temperature) was
used to stain cells. A light microscope was used to observe
migratory cells in the lower chamber (Olympus Corporation).
Statistical analysis. All data were analyzed using SPSS 22.0
(IBM, Corp.) and are presented as the mean ± SD (experi‑
ments were repeated in triplicate). One‑way ANOVA and
Bonferroni's post hoc test was used to compare differences
between multiple groups. P<0.05 was considered to indicate a
statistically significant difference.
Results
miR‑425 promotes sorafenib resistance in liver cancer. To
explore the role of miRNAs in drug resistance in liver cancer,
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TCGA database was screened for highly expressed miRNAs,
and their enrichment was analyzed in sorafenib‑resistant
samples from GEO (GSE93595 and GSE94550), there were 48
different overlapping miRNAs (Fig. 1A and Table SI). Among
the results, miR‑425 was identified to be highly expressed in
tumor tissues. In addition, miR‑425 has been found to promote
liver cancer cell proliferation and migration (4). To explore
the association between miR‑425 and clinical prognosis, the
miRBase database (http://www.mirbase.org/) (26) was used
for analysis, revealing that miR‑425 was closely associated
with poor survival and prognosis in patients with liver cancer
(Fig. 1B). Therefore, miR‑425 was chosen for further study.
miR‑425 expression in liver cancer cells was detected by
qPCR, and MIHA cells were used as the negative control. The
results indicated that miR‑425 was abnormally expressed in
liver cancer cell lines compared with in MIHA cells (P<0.05;
Fig. 1C). miR‑425‑knockdown cell lines were generated and
miR‑425 expression was detected after transfection with
miR‑425 inhibitors (Fig. 1D). To detect the effect of miR‑425
on sorafenib sensitivity, miR‑425 inhibitors plasmids were
transfected in HepG2 cells, revealing that knockdown of
miR‑425 increased the sensitivity of liver cancer cells to
sorafenib (Fig. 1E). Further experiments indicated that
miR‑425‑knockdown decreased the migration and invasion of
liver cancer cells (Fig. 1F).
Inhibition of miR‑425 promotes lipophagy by regulating
autophagy in liver cancer. Since an increase in LDs is associ‑
ated with chemotherapeutic resistance (27), the present study
evaluated whether inhibition of miR‑425 could induce fat
phagocytosis by decreasing the number of LDs. The HepG2
cell line was chosen to exclude the impact of p53 mutations,
since it is p53‑wild‑type, because p53 has reported to impact
LDs (28). The results indicated upregulation of LC3 II (a marker
of autophagy induction) after inhibition of miR‑425 in HepG2
cells (Fig. 2A). In addition, inhibition of miR‑425 significantly
decreased the number of LDs (Fig. 2B and C), indicating
that miR‑425 could regulate lipophagy. Consistent with this
observation, immunofluorescence analysis revealed that inhi‑
bition of miR‑425 significantly induced the colocalization of
LDs and LC3 (si‑NC was the negative control and miR‑425
inhibitors is the inhibitors of miR‑425; Fig. 2D and E).
Inhibition of miR‑425‑induces lipophagy reverses sorafenib
resistance. Cancer cells rich in LDs are resistant to chemother‑
apeutic drugs (27). Therefore, to understand whether lipophagy
induced by miR‑425 inhibitors is necessary for making liver
cancer cells become sensitive to sorafenib‑induced cytotox‑
icity, liver cancer cells were pretreated with BafA1 for 6 h and
cytotoxicity was evaluated. The results revealed that inhibition
of autophagy by BafA1 attenuated the synergistic cytotoxicity
of miR‑425 inhibitors in sorafenib‑resistant HepG2 cells
(Fig. 3A and B). These results suggested that autophagy
induced by miR‑425 inhibitors may promote the synergistic
effects of standard chemotherapeutic drugs in drug‑resistant
cells. To further confirm the role of miR‑425 in chemore‑
sistance, miR‑425 was transiently knocked down in liver
cancer cells, and it was confirmed that the synergistic effect
between miR‑425 inhibitors and sorafenib observed in resis‑
tant cells was dependent on autophagy (Fig. 3C and D) (11).
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Figure 1. (A) Enrichment of highly expressed miRNA genes in sorafenib‑resistant samples from the Gene Expression Omnibus database and TCGA datasets.
(B) miR‑425 expression and clinical prognosis of patients with hepatocellular carcinoma. (C) miR‑425 expression in different liver cancer cells was detected
by RT‑qPCR. (D) miR‑425 expression was detected by RT‑qPCR after transfection with miR‑425 inhibitors. (E) Cell Counting Kit‑8 assay was used to evaluate
the changes in cell proliferation after miR‑425‑knockdown. (F) Transwell assays were used to evaluate invasion and migration after miR‑425‑knockdown
(magnification, x400). *P<0.05 vs. MIHA cells or si‑NC. RT‑qPCR, reverse transcription‑quantitative PCR; miR, microRNA; si, small interfering RNA; NC,
negative control; TCGA, The Cancer Genome Atlas.

The current results indicated that pretreatment with 25 nM
BafA1 for 6 h resulted in increased resistance to sorafenib in
liver cancer cells treated with miR‑425 inhibitors compared
with the control (Fig. 3E). These results clearly indicate that
autophagy induced by miR‑425 inhibitors make liver cancer
cells sensitive to drug‑induced cytotoxicity.
miR‑425‑knockdown promotes SIRT1 expression. To further
explore the targets of miR‑425, bioinformatic analysis using
StarBase was performed. SIRT1 was identified as a potential

direct target of miR‑425 (Fig. 4A). The correlation between
SIRT1 and miR‑425 expression in liver cancer was also
analyzed using the StarBase database, revealing a negative
correlation between SIRT1 and miR‑425 expression (Fig. 4B).
To verify whether miR‑425 regulated SIRT1 expres‑
sion, miR‑425 mimics were used to overexpress miR‑425
(Fig. 4C). The RT‑qPCR results indicated that SIRT1 expres‑
sion was significantly increased after miR‑425‑knockdown
and significantly decreased after miR‑425 overexpression
(Fig. 4D), which was consistent with the western blotting
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Figure 2. (A) Western blotting was used to detect LC3 protein expression after miR‑425‑knockdown. (B and C) Immunofluorescence was used to detect the
changes in LDs after miR‑425‑knockdown. (D and E) Immunofluorescence was used to detect the co‑localization of LDs and LC3 after miR‑425‑knockdown
(magnification, x400). *P<0.05 vs. si‑NC. miR, microRNA; si, small interfering RNA; NC, negative control; LD, lipid droplet.

results (Fig. 4E). Subsequently, a luciferase reporter assay
was used to verify whether miR‑425 directly targeted
SIRT1. The results revealed that miR‑425 significantly
inhibited luciferase activity in cells transfected with the
wild‑type SIRT1‑3'UTR plasmid, but had no effect on lucif‑
erase activity in cells transfected with the mutant SIRT1‑3'
UTR plasmid (Fig. 4F). A previous study has reported that
adipose triglyceride lipase (ATGL) can regulate SIRT1 to
mediate lipophagy (16). Therefore, qPCR was performed
in the present study to evaluate ATGL mRNA expression
after transfection with miR‑425 inhibitors or mimics,
revealing that miR‑425 modulation did not impact ATGL
mRNA expression (Fig. 4G). The current results suggested
that miR‑425 regulated lipophagy independently of ATGL.
Therefore, combining the bioinformatic and experimental

results, it was hypothesized that SIRT1 may be a direct
target of miR‑425.
miR‑ 425 regulates lipophagy via SIRT1. To confirm
whether miR‑425 regulated lipophagy through SIRT1,
si‑SIRT1 was used to knock down SIRT1 expression, and
SIRT1‑knockdown was verified by RT‑qPCR and western
blot analysis (Fig. 5A and B). Subsequently, the miR‑425‑ and
SIRT1‑knockdown plasmids were co‑transfected into cells,
revealing that autophagy and lipophagy were decreased. The
level of LDs was significantly increased in co‑transfected
cells compared with that in cells with only miR‑425‑knock‑
down, indicating that LDs were not degraded by autophagy
(Fig. 5C and D). Western blot analysis of LC3 indicated that
autophagy was inhibited in the co‑transfected group compared

6

SUN et al: miR‑425 REGULATES LIPOPHAGY IN LIVER CANCER

Figure 3. (A and B) Immunofluorescence was used to detect the changes in LDs after inhibition of autophagy. (C and D) Western blotting was used to detect
LC3 protein expression after inhibition of autophagy. (E) Cell Counting Kit‑8 assay was used to evaluate the changes in cell proliferation after inhibition of
autophagy (magnification, x400). *P<0.05; ***P<0.001. miR, microRNA; si, small interfering RNA; NC, negative control; LD, lipid droplet; Baf, Bafilomycin A.

with the miR‑425‑knockdown group, which confirmed the
inhibition of lipophagy (Fig. 5E and F).
Discussion
Currently, the treatment of liver cancer mainly includes
surgical resection, radiotherapy and chemotherapy, but the
effects are unsatisfactory (1,2). Although sorafenib is an
effective drug for the treatment of advanced liver cancer,
the benefit that patients receive from sorafenib treatment
is limited due to the development of drug resistance (3).
Therefore, there is an urgent need for further research on
drug resistance. LDs are spherical organelles with phos‑
pholipid monolayer membrane structures that were initially

identified as the main components dynamically responding
to the needs of cell energy metabolism and regulating the
storage of lipid molecules, triglycerides, cholesterol esters
and small amounts of vitamins (27). In recent years, with
the in‑depth understanding of cellular lipid metabolism and
LD function, the role of LDs in drug resistance has been
increasingly recognized (11). Studies have demonstrated that
stearoyl‑CoA desaturase is highly expressed in various types
of tumors and is associated with cell membrane fluidity and
chemotherapeutic resistance (29‑32). In fact, an increase
in LDs is associated with drug resistance in tumor cells,
and this association has been confirmed in breast, pros‑
tate and ovarian cancer (11). In addition, the expression of
components of cancer stem cell marker signaling pathways
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Figure 4. (A) Bioinformatic analysis revealed the binding sites of SIRT1 and miR‑425. (B) Bioinformatic analysis revealed the correlation between SIRT1
and miR‑425 expression. (C) miR‑425 expression was detected by RT‑qPCR after transfection with miR‑425 mimics. SIRT1 expression was detected by
(D) RT‑qPCR and (E) western blotting after miR‑425‑knockdown or overexpression. (F) Relative luciferase activity was used to detect the binding between
miR‑425 and SIRT1. (G) ATGL was detected after modulation of miR‑425 expression. *P<0.05 vs. NC. miR, microRNA; si, small interfering RNA; NC,
negative control; SIRT1, silent information regulator 2 homolog 1; WT, wild‑type; MUT, mutant; RT‑qPCR, reverse transcription‑quantitative PCR.

is associated with LDs in several types of cancer, such as
glioma, colorectal cancer and HCC (33).
Autophagy serves an important role in malignant biological
behaviors, such as tumor proliferation, invasion, metastasis
and drug resistance (4). An increasing number of studies have
shown that autophagy is closely associated with the develop‑
ment of tumors (5,34). Interfering with the autophagy level in
tumor cells is a new idea for tumor therapy (5). For example,
Atg7 inhibitors and docetaxel can be used in combination
to treat breast cancer (34). In liver cancer, SIRT1 is the only
overexpressed member of the SIRT family and is considered
to be essential for all stages of liver cancer tumorigenesis (35).
In addition, SIRT1 can modulate lipophagy (16), which is the

process of autophagic degradation of LDs (35). By decom‑
posing intracellular lipids from LDs into fatty acids, lipid
phagocytosis provides energy for cells as well as regulates other
cellular processes, such as activation of carcinogenic signaling
pathways and drug resistance (11). Considering the important
role of LDs and autophagy in liver cancer, lipophagy may be a
factor promoting the process of drug resistance in liver cancer.
In the present study, mRNA sequencing data for patients
with hepatocellular carcinoma in TCGA database and for
sorafenib‑resistant samples in the GEO database were
compared to identify miR‑425, and it was revealed that
miR‑425 was associated with a poor prognosis. Therefore, a
cell line with low miR‑425 expression was generated through
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Figure 5. SIRT1 expression was detected by (A) reverse transcription‑quantitative PCR and (B) western blotting after transfection with si‑SIRT1.
(C and D) Immunofluorescence was used to detect the changes in LDs after co‑transfection with miR‑425 inhibitors and si‑SIRT1. (E and F) Western blotting
was used to detect LC3 protein expression after co‑transfection with miR‑425 inhibitors and si‑SIRT1. Scale bar, 100 µm. *P<0.05 vs. si‑NC. miR, microRNA;
si, small interfering RNA; NC, negative control; LD, lipid droplet; SIRT1, silent information regulator 2 homolog 1.

transfection and the biological function of miR‑425 was
analyzed. It has been previously found that miR‑425 regulated
the proliferation, invasion and metastasis of hepatocellular
carcinoma cells (36). These results are consistent with the
previous findings that miR‑425 can improve cell survival and
is associated with a poor outcome (37,38). Overexpression
of miR‑425 promotes cell proliferation and migration via
targeting RNF11 in HCC and it can also bind with FOXD3
to promote cell migration and invasion (36,37). These results
suggested that miR‑425 is an oncogene to promote tumor
progression. However, relatively few studies have investigated
lipophagy and sofafenib resistance in HCC. In the present
study, western blot analysis and immunofluorescence experi‑
ments were used to evaluate the level of lipophagy. The results

revealed that the level of lipophagy decreased after miR‑425
inhibition. Additionally, it was found that miR‑425 regulated
the drug resistance of liver cancer cells through lipophagy. By
further studying the mechanism by which miR‑425 regulated
drug resistance, it was revealed that SIRT1 expression, a
key protein in the process of lipophagy, was inhibited after
miR‑425 inhibition, and rescue experiments demonstrated
that miR‑425 regulated lipophagy through SIRT1. A previous
study demonstrated that SIRT1 expression was high in HCC
cell lines, including HepG2 and Hep3B cells, and its upregu‑
lation may result in increased cell proliferation (39). The
current study identified a specific mechanism of miR‑425 on
SIRT1‑associated lipophagy, miR‑425 inhibitors can increase
SIRT1 expression to induce lipophagy which is consistent with
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previous findings (16). The aforementioned results indicated
the important role and related mechanism of miR‑425 in lipo‑
phagy and drug resistance in liver cancer, and suggested that
miR‑425 may become a new target for tumor therapy.
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