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Abstract. Secretory clusterin (sCLU) is overexpressed in 
cancer and is associated with resistance to chemotherapy 
in several types of cancer, including hepatocellular carci-
noma (HCC). Sorafenib (SOR), a multikinase inhibitor of 
Raf/mitogen‑activated protein kinase kinase/extracellular 
signal‑regulated kinase (ERK) signaling and the receptor 
tyrosine kinase, is recognized as the standard therapeutic 
strategy for patients with advanced HCC. However, the role 
of sCLU in the resistance of HCC to SOR remains to be fully 
elucidated. In the present study, sCLU was silenced by CLU 
short hairpin (sh)RNA in Bel‑7402 and SMMC‑7721 cell 
lines, following which the cells were treated with SOR. Cell 
proliferation was determined using a CCK‑8 assay. Apoptosis 
was quantified using flow cytometry. The production of sCLU, 
B‑cell lymphoma 2 (Bcl‑2), Bcl‑2‑associated X sprotein and 
phosphorylated (p)ERK1/2 was analyzed using western blot 
analysis. The results showed that sCLU was overexpressed 
in three HCC cell lines. The downregulation of sCLU by 
CLU shRNA synergistically increased SOR sensitivity in the 
Bel‑7402 and SMMC‑7721 cells, and potentiated SOR‑induced 
cell apoptosis. In addition, silencing sCLU or combination with 
PD98059 decreased the SOR‑induced activation of pERK1/2. 
These findings indicate a novel treatment strategy for HCC.

Introduction

Hepatocellular carcinoma (HCC) ranks as the sixth most 
common type of malignancy in the world and is the second 
leading cause of cancer‑associated mortality (1). The devel-
opment and progression of HCC is affected by various 
factors. Hepatitis virus infection (hepatitis B or C viruses), 
alcohol‑related liver cirrhosis, and non‑alcoholic steatohepa-
titis are the major risk factors for developing HCC (2). Surgery 
is the most effective treatment for HCC, although the cura-
tive resection ratio is low and the rate of recurrent metastasis 
remains high. Other treatment strategies depend on the tumor 
stage, and suitable candidates include radiofrequency ablation, 
transarterial chemoembolization and target therapy (3).

Molecule‑targeted therapy, which aims to investigate carci-
nogenic mechanisms and molecular biology provides a novel 
approach in HCC treatment, particularly for patients with 
advanced HCC. Sorafenib (SOR), an oral multikinase inhibitor, 
was the first approved by the Food and Drug Administration 
for the treatment of ‘unresectable’ HCC, and has been 
considered as a novel molecular‑targeted therapy for HCC as it 
prolongs survival rates by 2‑3 months in cases of advanced and 
inoperable HCC (4,5). SOR can inhibit tumor angiogenesis 
and growth by suppressing the RAS/RAF/mitogen‑activated 
protein kinase (MAPK) signaling pathway and other extracel-
lular receptor tyrosine kinases, including vascular endothelial 
growth factor receptor (6). However, clinical results have been 
disappointing; they have demonstrated that the prognosis of 
patients with HCC treated with SOR remained less than satis-
factory (7). Therefore, it is urgent and necessary to identify the 
molecular mechanisms underlying hepatocarcinogenesis, and 
investigate novel therapeutic approaches to combat HCC.

Clusterin (CLU), a conserved heterodimeric disulfide‑ 
linked glycoprotein, is widely distributed in tissues and body 
fluids, and is crucial in tissue remodeling, reproduction, 
lipid transport, complement regulation and apoptosis (8‑10). 
CLU appears to have two main isoforms, which result from 
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alternative splicing. The secreted form of the CLU protein 
(sCLU) starts as a precursor peptide of ~60 kDa, which repre-
sents the predominant translation product of the CLU gene. 
Nuclear clusterin is translated from an alternatively spliced 
CLU transcript, which bypasses the endoplasmic reticulum 
signal peptide  (11,12). sCLU has been recognized as an 
important contributor to chemoresistance against anticancer 
agents (13,14). Our previous studies also demonstrated that 
sCLU contributes to oxaliplatin‑resistance by activating the 
Akt pathway in HCC (15) and that downregulating sCLU 
enhance the sensitivity of HCC cells to gemcitabine via 
activating the intrinsic apoptotic pathway (16). However, the 
effect of sCLU on SOR in the treatment of HCC remains to 
be fully elucidated. Therefore, the present study tested the 
hypothesis that inhibiting sCLU enhances the sensitivity 
of HCC cells to SOR, and aimed to investigate the role and 
potential downstream pathways of sCLU in SOR‑induced 
cytotoxicity in human HCC cells.

Materials and methods

Cell culture. The human HepG2, Bel‑7402 and Bel‑7404 HCC 
cell lines were obtained from the American Type Culture 
Collection (Rockville, MD, USA). The SMMC‑7721 and Huh‑7 
cell lines were purchased from the Type Culture Collection Cell 
Bank, Chinese Academy of Science (Shanghai, China). The 
cells were cultured in RPMI‑1640 medium (Gibco; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA)/Dulbecco's modi-
fied Eagle's medium (DMEM; HyClone; GE Healthcare Life 
Sciences, Logan, UT, USA) containing 10% fetal bovine 
serum (FBS; Gibco; Thermo Fisher Scientific, Inc.), 100 U/ml 
penicillin and 100 µg/ml streptomycin (Gibco; Thermo Fisher 
Scientific, Inc.) at 37˚C in 95% air and 5% CO2.

Reagents and antibodies. SOR tosylate was purchased from 
Bayer AG (Berlin, Germany). The SOR was dissolved in 100% 
dimethyl sulfoxide (DMSO) to produce a stock solution and 
was diluted with RPMI‑1640/DMEM to the desired concentra-
tions with a final DMSO concentration of 0.1% for the in vitro 
assays. PD98059, a specific inhibitor of ERK kinase, was 
obtained from Sigma‑Aldrich; Merck Millipore (Darmstadt, 
Germany). Primary antibodies targeting B‑cell lymphoma 2 
(Bcl‑2; cat. no. 2872) and Bcl‑2‑associated X protein (Bax; 
cat. no. 2772) were obtained from Cell Signaling Technology, 
Inc. (Danvers, MA, USA) and anti‑GAPDH antibody 
(cat. no. ab37168) was obtained from Abcam (Cambridge, UK). 
Antibodies targeting sCLU (cat. no. sc‑5289) and anti‑ERK1/2 
(Phospho‑Thr202/Tyr204) (cat. no. sc‑136521) antibodies were 
purchased from Santa Cruz Biotechnology, Inc. (Dallas, TX, 
USA).

Cell viability, apoptosis and western blot analysis. These 
methods were as previously described (17,18). Briefly, cell 
viability assays were performed using the Cell Counting Kit‑8 
(CCK‑8; Dojindo Molecular Technologies, Inc., Kumamoto, 
Japan). Cells (5x103/well) were seeded onto 96‑well plates and 
incubated in DMEM (HyClone; GE Healthcare Life Sciences, 
Logan, UT, USA) supplemented with 10% FBS (Gibco; 
Thermo Fisher Scientific, Inc.), 100  U/ml penicillin and 
100 µg/ml streptomycin (Gibco; Thermo Fisher Scientific, Inc.) 

at 37˚C for 24 h. Following adaptation, cells were treated with 
different concentrations of SOR (0, 2.5, 5, 7.5, 10 and 12.5 µM) 
for 48 h. Finally, cells were incubated with DMEM (HyClone; 
GE Healthcare Life Sciences, Logan, UT, USA) supplemented 
with 10% FBS (Gibco; Thermo Fisher Scientific, Inc.), 100 U/ml 
penicillin and 100 µg/ml streptomycin (Gibco; Thermo Fisher 
Scientific, Inc.) containing 10 µl CCK‑8 solution at 37˚C for 
4 h, and the optical density (OD) was measured at 450 nm using 
a Spectra Max 190 (Molecular Devices, LLC, Sunnyvale, CA, 
USA). For the apoptotic assay, the cells were incubated with 
5 µl of Annexin V and 5 µl of propidium iodide for 15 min at 
room temperature in the dark, according to the manufacturer's 
protocol (BD Biosciences, San Jose, CA, USA), and were 
then subjected to flow cytometry to measure the apoptotic 
rate (%). For the western blot analysis, cells were treated with 
either SOR (0, 2.5, 5, 7.5 and 10 µM) alone, PD98059 (5 µM) 
alone, or in combination (10 µM SOR and 5 µM PD98059) 
for 3‑24 h, and then lysed in cold radioimmunoprecipitation 
assay lysis buffer with 1 nM phenylmethylsufonyl fluoride, 
followed by centrifugation at 12,000 x g for 10 min at 4˚C. 
The protein concentrations in cell extracts were determined 
using a bicinchoninic acid assay (Bio‑Rad Laboratories, Inc., 
Hercules, CA, USA). Total proteins (20‑40 µg) were separated 
using SDS‑PAGE (10‑12% gel) and electrotransferred to poly-
vinylidene fluoride membranes (EMD Millipore, Billerica, 
MA, USA). Membranes were blocked using 5% skimmed 
milk in Tris‑buffered saline (T5912, pH 7.4; Sigma‑Aldrich; 
Merck  Millipore) containing 0.05% Tween 20 (P1379; 
Sigma‑Aldrich; Merck Millipore) and were incubated with 
primary antibodies overnight at 4˚C (1:1,000 for sCLU, Bcl‑2, 
Bax and pERK1/2). Membranes were then incubated with 
horseradish peroxidase‑conjugated secondary antibodies 
(cat. no. 7074/7076; 1:2,000; Cell Signaling Technology, Inc.) 
for 1 h at room temperature followed by visualization with 
enhanced chemiluminescence immunoblotting detection 
reagents (Merck Millipore). The levels of protein band intensi-
ties were quantified using ImageJ software (version 1.6.0_20; 
National Institutes of Health, Bethesda, MD, USA).

Knockdown of sCLU using short hairpin (sh)RNA. Four 
pMAGic7.1‑based shRNA vectors (CLU1, CLU2, CLU3 and 
CLU4), a scrambled shRNA vector (Table I) and a full‑length 
human CLU cDNA (NM_203339; GenBank, National 
Institutes of Health) were provided by Shanghai Sunbio 
Biotechnology Co., Ltd. (Shanghai, China) (15). Transfection 
of cells was performed using GenJet DNA in vitro transfection 
reagent (SignaGen, Rockville, MD, USA).

Statistical analysis. Data are presented as the mean ± stan-
dard deviation and were analyzed using one‑way analysis 
of variance followed by Dunnett's test using SPSS software 
(version 17.0; SPSS, Inc., Chicago, IL, USA). P<0.05 was 
considered to indicate a statistically significant difference.

Results

HCC cells express sCLU and respond to SOR treatment. The 
present study first examined the protein expression of sCLU 
using western blot analysis. As shown in Fig. 1A and B, the 
HCC cell lines expressed different protein levels of sCLU, 
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and the Bel‑7402, SMMC‑7721 and HepG2 cells exhibited 
high expression levels of sCLU. However, the Huh‑7 and 
Bel‑7404 cells exhibited weak expression of sCLU. Therefore, 
the Bel‑7402, SMMC‑7721 and HepG2 cells were selected for 
examining the inhibitory effects of SOR on the viability of 
cells. The cells were treated with different concentrations of 
SOR (0‑12.5 µM) for 48 h, and the inhibition of cell prolif-
eration rates was assessed using a CCK‑8 assay. The results 
showed that all three HCC cell lines exhibited resistance to 
SOR treatment at different levels, particularly in the Bel‑7402 
cells (Fig. 1C). These results suggested that intrinsic level of 
sCLU in HCC cells was correlated with sensitivity to SOR.

SOR treatment upregulates sCLU in HCC cells in vitro. To 
examine whether the upregulation observed in the expression 
of sCLU is associated with SOR‑induced resistance, Bel‑7402 
and SMMC‑7721 cells were exposed to 10 µM of SOR for 
3‑24 h, or with concentrations of 2.5‑10 µM for 24 h. As shown 
in Fig. 2A‑D, SOR significantly increased the expression of 
sCLU in a time‑ and concentration‑dependent manner. These 
data supported the hypothesis that the expression of sCLU 
may be altered in response to SOR treatment.

Silencing of sCLU enhances SOR‑induced cytotoxicity in HCC 
cells in vitro. Chemoresistance is one of the main factors limiting 
effective cancer therapy. In the present study, to investigate 
whether the suppression of sCLU enhanced SOR‑induced 
cytotoxicity, the cell viability of HCC cells transfected with 
CLU shRNA was determined. In our previous study (15), four 
pMAGic7.1‑based shRNA vectors (CLU1, CLU2, CLU3 and 
CLU4) were designed to knock down the expression of sCLU 

Table I. Sequences of oligonucleotides used as CLU RNAi primers.

Construct	 Position	 Sequence	 Target sequence

CLU1	 Upstream	 5'‑CCGGGCTCCAGGAAATGTCCAATttcaagagaAT	 GCTCCAGGAAATGTCCAAT
		  TGGACATTTCCTGGAGCTTTTTTg‑3'
	D ownstream	 5'‑AATTCAAAAAAGCTCCAGGAAATGTCCAAT
		  tctcttgaaATTGGACATTTCCTGGAGC‑3'
CLU2	 Upstream	 5'‑CCGGGGTTGACCAGGAAATACAAttcaagaga	 GGTTGACCAGGAAATACAA
		  TTGTATTTCCTGGTCAACCTTTTTTg‑3'
	D ownstream	 5'‑AATTCAAAAAAGGTTGACCAGGAAATACAA
		  tctcttgaaTTGTATTTCCTGGTCAACC‑3'
CLU3	 Upstream	 5'‑CCGGGGGATATGATGACAAGGTTctcaagagaAA	 GGGATATGATGACAAGGTT
		CC  TTGTCATCATATCCC TTTTTTg‑3'
	D ownstream	 5'‑AATTCAAAAAAGGGATATGATGACAAGGTTtc
		  tcttgagAACCTTGTCATCATATCCC‑3'
CLU4	 Upstream	 5'‑CCGGCAGGGAAGTAAGTACGTCAATctcgagAT	C AGGGAAGT AAGTACGTCAAT
		  TGACGTACTTACTTCCCTGTTTTTTg‑3'
	D ownstream	 5'‑AATTCAAAAAACAGGGAAGTAAGTACGTCA
		  ATctcgagATTGACGTACTTACTTCCCTG‑3'
Scramble	 Upstream	 5'‑CCGGTTCTCCGAACGTGTCACGTttcaagagaTT	 TTCTCCGAACGTGTCACGT
		C  TCCGAACGTGTCACGTTTTTTTg‑3'
	D ownstream	 5'‑AATTCAAAAAATTCTCCGAACGTGTCACGTtc
		  tcttgaaTTCTCCGAACGTGTCACGT‑3'

Figure 1. Expression of sCLU in HCC cells and SOR‑induced reduction of cell 
viability in vitro. (A) Expression of sCLU in Huh‑7, Bel‑7402, SMMC‑7721, 
HepG2, and Bel‑7404 HCC cell lines was detected using western blot anal-
ysis. Levels of GAPDH served as a loading control. (B) Density of each band 
was measured and normalized to that of GAPDH, respectively. **P<0.01, vs. 
Huh‑7. (C) Three HCC cell lines were incubated with SOR at various concen-
trations (0‑12.5 µM) for 48 h and cell viability was then determined using 
a CCK‑8 assay. Data are representative of three independent experiments 
and are expressed as the mean ± standard deviation. HCC, hepatocellular 
carcinoma; sCLU, secretory clusterin; SOR, sorafenib.
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Figure 3. Silencing of sCLU enhances SOR‑induced cytotoxicity in HCC cells in vitro. (A) Bel‑7402 or (B) SMMC‑7721 cells only (control) or transfected with 
scramble shRNA or the CLU4 shRNA vector, were cultured for 48 h, and cell viability was measured using a CCK‑8 assay. (C) Bel‑7402 and (D) SMMC‑7721 
cells only or transfected with the CLU4 shRNA vector were cultured in medium with 10 µM SOR for 48 h, and cell viability was measured using a CCK‑8 
assay. **P<0.01. Data are representative of three independent experiments and are expressed as the mean ± standard deviation. HCC, hepatocellular carcinoma; 
sCLU, secretory clusterin; SOR, sorafenib; shRNA, short hairpin RNA.

Figure 2. SOR treatment induces sCLU in a time‑ and concentration‑dependent manner in hepatocellular carcinoma cells in vitro. Western blot analysis 
demonstrating the expression of sCLU in cell extracts of (A) Bel‑7402 and (B) SMMC‑7721 cells following treatment with 10 µM SOR for 3‑24 h. Levels 
of GAPDH served as a loading control. The density of each band was measured and normalized to that of GAPDH, respectively. *P<0.05; **P<0.01. Western 
blot analysis of the expression of sCLU in cell extracts of (C) Bel‑7402 and (D) SMMC‑7721 cells following treatment with 2.5‑10 µM SOR for 24 h. Levels 
of GAPDH served as a loading control. The density of each band was measured and normalized to that of GAPDH, respectively. *P<0.05; **P<0.01. The data 
presented are representative of three independent experiments. sCLU, secretory clusterin; SOR, sorafenib.
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in HCC cell lines, and the results showed that CLU4 shRNA 
exhibited the most marked gene‑silencing ability. Therefore, 
CLU4 shRNA was used in the present study. As shown in 
Fig.  3A  and  B, Bel‑7402 and SMMC‑7721 cell viabilities 
were only marginally altered by sCLU‑knockdown. However, 
as shown in Fig. 3C and D, transfection with CLU4 shRNA 
notably reduced the viability of the Bel‑7402 and SMMC‑7721 
cells treated with SOR. The SOR‑induced expression of sCLU 
suggested the potential association between the expression of 
sCLU and apoptosis in Bel‑7402 and SMMC‑7721 cells. To 
clarify this, the role of sCLU in SOR‑induced apoptosis of HCC 

cells was we examined. Transfection of the cells with CLU4 
shRNA, which reduced the extent of sCLU, notably enhanced 
increase of cell apoptosis (Fig. 4A) and expression of Bax, and 
downregulated the expression of Bcl‑2 (Fig. 4B and C) in the 
SOR (10 µM)‑treated Bel‑7402 and SMMC‑7721 cells. These 
data suggested that the expression of sCLU may be correlated 
to the chemoresistance of human HCC cells to SOR.

SOR treatment induces the sCLU‑dependent upregulation 
of pERK1/2 in human HCC cells in vitro. The activation of 
ERK1/2 leads to the phosphorylation of several intracellular 

Figure 4. Combination effects of SOR and sCLU‑knockdown on the apoptosis of hepatocellular carcinoma cells in vitro. (A) Bel‑7402 and SMMC‑7721 cells 
only (control), and the cells transfected with the CLU4 shRNA vector were incubated in the absence or presence of SOR (10 µM) for 24 h, and then cell apop-
tosis was determined using flow cytometry with Annexin V‑FITC and propidium iodide. Quantitative analysis of the total apoptosis (early and late) population 
is presented. Data are presented as the mean ± standard deviation of three independent experiments. **P<0.01. (B) Bel‑7402 and (C) SMMC‑7721 cells alone or 
the cells transfected with CLU4 shRNA vectors were incubated in the absence or presence of 10 µM SOR for 24 h. Cell lysates were harvested and analyzed 
using western blot analysis with specific antibodies against sCLU, Bax and Bcl‑2. Levels of GAPDH served as a loading control. *P<0.05 and **P<0.01, vs. 
control; ##P<0.01, vs. SOR. The data shown are representative of three independent experiments. sCLU, secretory clusterin; SOR, sorafenib; shRNA, short 
hairpin RNA; Bcl‑2, B‑cell lymphoma 2; Bax, Bcl‑2‑associated X factor.
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proteins, and is crucial in regulating cell growth, prolif-
eration, invasion/migration, survival and motility (19‑22). In 
the present study, the Bel‑7402 and SMMC‑7721 cells were 
treated with different concentrations of SOR (0 and 10 µM) 
for 24 h. The protein expression levels were evaluated using 
western blot analysis. As shown in Fig.  5A  and  B, SOR 
significantly enhanced the expression of sCLU and pERK1/2 
in a concentration‑dependent manner. To investigate whether 
the protein expression of pERK1/2 was sCLU‑dependent, 
the Bel‑7402 and SMMC‑7721 cells were transfected with 
CLU4 shRNA and then treated with SOR. As demon-
strated in Fig. 5C, the combination treatment of SOR and 
CLU4 shRNA significantly decreased the activation of 
pERK1/2 in the two cell lines. These data suggested that 
SOR induced the sCLU‑dependent activation of pERK1/2 in 
HCC cells.

Inactivated ERK1/2 sensitizes HCC cells to SOR treat‑
ment. The Bel‑7402 and SMMC‑7721 cells were treated 
with PD98059, an ERK‑specific inhibitor, and then treated 
with different concentrations of SOR (0 and 10  µM) for 
24 h. As shown in Fig. 6A and B, co‑administration with 
PD98059 markedly abrogated the expression of pERK1/2 in 
the SOR‑treated Bel‑7402 and SMMC‑7721 cells. To further 
examine whether the ERK1/2 signaling pathway protects HCC 
cells from SOR‑induced cell death, PD98059 was used to 
inhibit pERK1/2. As expected, the Bel‑7402 and SMMC‑7721 

cells were significantly more sensitive to SOR‑induced 
apoptosis, compared with the cells treated with SOR in the 
absence of PD98059 (Fig. 6C). These results revealed that the 
inactivation of ERK1/2 is important in the potentiation of SOR 
lethality.

Discussion

Systemic chemotherapy is the only method capable of 
improving survival rates in patients with advanced HCC. 
However, the treatment of HCC using cytotoxic chemotherapy 
has reached a therapeutic bottleneck. Therefore, novel treat-
ment modalities to treat HCC are urgently required. SOR, a 
multikinase inhibitor of Raf/MAPK kinase/ERK signaling 
and the receptor tyrosine kinase, has been recognized as the 
standard therapeutic strategy for patients with advanced HCC. 
However, the detailed mechanism of tumor lethality regulated 
by SOR and the precise mechanism of drug resistance have not 
been fully elucidated. In the present study, the results showed 
that SOR was capable of upregulating the expression of 
sCLU in human HCC cells. sCLU‑knockdown using shRNA 
(CLU4 shRNA) or the ERK‑inhibitor (PD98059) significantly 
potentiated the SOR‑induced HCC cell apoptosis.

sCLU, also known as testosterone‑repressed prostate 
message‑2, apolipoprotein J, or sulphated glycoprotein‑2, is 
an ATP‑independent and cytoprotective chaperone, which 
consists of two chains of ~40 kDa linked by five disulfide 

Figure 5. Regulation of the SOR‑induced upregulation of pERK1/2 by sCLU. (A) Bel‑7402 and (B) SMMC‑7721 cells were treated with SOR (0‑10 µM) for 
24 h. Cell lysates were harvested and analyzed using western blot analysis with specific antibodies against sCLU and pERK1/2. Levels of GAPDH served as 
a loading control. *P<0.05 and **P<0.01, vs. control. #P<0.05, vs. SOR (5 µM). (C) Bel‑7402 and SMMC‑7721 cells only, or the cells transfected with CLU4 
shRNA vectors were incubated in the absence or presence of 10 µM SOR for 24 h. Cell lysates were harvested and analyzed using western blot analysis with 
specific antibodies against pERK1/2. Levels of GAPDH served as a loading control. *P<0.05 and **P<0.01, vs. control. ##P<0.01, vs. SOR. The data shown are 
representative of three independent experiments. sCLU, secretory clusterin; SOR, sorafenib; shRNA, short hairpin RNA; pERK, phosphorylated extracellular 
signal‑regulated kinase.
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bonds (23,24). sCLU is key in stabilizing the conformations 
of proteins during cellular stress, suppressing protein aggre-
gation and precipitation, and protecting cells from numerous 
therapeutic factors (25‑27). Accumulating evidence has also 
revealed that sCLU exerts inhibitory effects against cyto-
toxic chemotherapy in several types of cancer (28‑31). The 
constitutive overexpression of sCLU has been recognized 
to confer drug‑resistance in cancer therapy, whereas the 
downregulation of sCLU by RNA interference or chemical 
inhibition can enhance chemosensitivity  (13,32‑35). Our 
previous studies demonstrated that targeting sCLU enhances 
oxaliplatin or gemcitabine lethality in HCC via activating 
the Akt pathway or the intrinsic apoptotic pathway. However, 
the overexpression of sCLU significantly abrogates the inhi-
bition of cell growth and the induction of cell apoptosis by 
oxaliplatin (15,16). Chemoresistance remains one of the major 
factors leading to poor survival rates in patients with HCC. 
Identifying mechanisms of chemoresistance are important in 

the treatment of HCC. For the present study, it was hypoth-
esized that sCLU is involved in the resistance of HCC to SOR. 
The results demonstrated that the treatment of Bel‑7402 and 
SMMC‑7721 cells with SOR induced the upregulation of sCLU. 
sCLU‑knockdown using shRNA (CLU4 shRNA) significantly 
potentiated the cytotoxic and apoptotic effect of SOR in HCC 
cells. Taken together, thee results revealed the importance of 
sCLU in protecting cancer cells from SOR‑induced apoptosis. 
Targeting sCLU in the two HCC cell lines examined distinctly 
increased their sensitivity to SOR.

The activation of ERK1/2 is important in regulating various 
cellular functions, ranging from proliferation to differentia-
tion (36,37). Several studies have reported that ERKs can also 
be activated in response to chemotherapeutic drugs (38,39). 
In the present study, the data demonstrated that pERK1/2 was 
crucial in the resistance of Bel‑7402 and SMMC‑7721 cells to 
SOR. In addition, it was found that the inhibition of ERK1/2 
by the ERK inhibitor (PD98059) significantly potentiated 
the chemotherapeutic potential of SOR in HCC cells in vitro. 
Several studies have demonstrated that sCLU is important in 
regulating the ERK1/2 signaling pathway (40,41). Therefore, 
the present study investigated whether the downregulation 
of sCLU sensitizes Bel‑7402 and SMMC‑7721 cells to SOR 
chemotherapy via the ERK1/2 signaling pathway. The data 
revealed that the knockdown of sCLU by CLU4 shRNA 
sensitized HCC cells to SOR treatment through inhibiting 
the activation of pERK1/2. These results suggested that the 
downregulation of sCLU sensitized HCC cell lines to SOR via 
the pERK1/2‑dependent signaling pathway.

In conclusion, SOR may affect the behavior of HCC 
cell lines through the upregulation of sCLU, which may be 
important in the effect of SOR. The downregulation of sCLU or 
exposure to the ERK inhibitor (PD98059) further potentiated 
SOR‑induced HCC cell apoptosis. These findings indicate a 
potent strategy for the treatment against HCC.
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