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Abstract: Background: Sorafenib is one of the most commonly used systemic therapies for hepatocellular carci-
noma (HCC), but the acquired resistance towards sorafenib found in HCC patients usually led to failure of treatment 
and poor prognosis. Therefore, there is an urgent need to study the molecular mechanism caused by the acquired 
resistance. Previous studies demonstrated that P62 plays an important role in tumor cell resistance towards sys-
temic therapies including chemotherapy and targeted therapy. However, the role of P62 in acquired resistance to 
sorafenib in HCC has not been clearly investigated. Materials and methods: In this study we screened the most 
sensitive HCC cell lines towards sorafenib using CCK8. Then on this cell line, we analyzed the relationship between 
P62 expression level and the sensitivity towards sorafenib by western blot and CCK8. After knockdown and over-
expression of P62 in HCC cells, cells were then treated with sorafenib. After that, we detect changes of sensitivity 
towards sorafenib. HCC samples were used to investigate the expression of P62 and their survival time. Results: 
Among four HCC cell lines in our lab, HepG2 cell line with the highest sensitivity to sorafenib was screened and se-
lected. After treatment with sorafenib, the expression of P62 was significantly increased. In HCC cells, we found that 
significant up-regulation of P62 was correlated with the reduction of sorafenib sensitivity. In HCC samples, we found 
that the expression of P62 was associated with sorafenib resistance and a shorter survival time. Conclusion: The 
up-regulation of P62 could reduce the sensitivity of HCC towards sorafenib. Thus, P62 could be therapeutic target 
to overcome sorafenib acquired resistance in the future. 
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Introduction 

Hepatocellular carcinoma (HCC) is the third 
most common cause of cancer-related deaths 
worldwide, leading to over 600,000 deaths 
annually [1]. Only a minority of patients with 
HCC are amenable to liver resection because 
most patients are diagnosed with advanced 
stage and no longer suitable for surgery. Tre- 
atment for advanced HCC patients includes 
chemotherapy, transcatheter arterial chemo-
embolization (TACE), and radiofrequency abla-
tion. Sorafenib has been used as the only stan-
dard systemic treatment for advanced HCC at 
the current stage as it can target multiple 
kinases required for tumor growth, angiogene-
sis, and metastasis [2]. Although sorafenib de- 
monstrated survival benefit, the prognosis of 

HCC was still not satisfactory [3]. The poor prog-
nosis was partly caused by drug resistance, 
which resulted in a curative effect reduction 
and therefore, led to chemotherapy treatment 
failure [4]. The intricate mechanism of antican-
cer drug resistance has been broadly explored 
in recent years and has yet to be fully elu- 
cidated. 

Some studies showed that sustained sorafenib 
therapy leads to increased intratumor hypoxia, 
which has been associated with reduced sora- 
fenib sensitivity through HIF stabilization in 
HCC [5]. Thus, targeting HIF can improve sora- 
fenib efficacy. Some other reports showed that 
the activation of downstream signaling path-
ways contributed to the resistance to sorafe- 
nib. A study by Chen et al. demonstrated that 
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sorafenib-resistant HCC cells had an increased 
expression of pAkt and p85 when compared 
with the parental sensitive cells and the resis-
tance to sorafenib could be reversed by gene 
knockdown of Akt and Akt inhibitor MK-2206 
[6]. Another study by Chen et al. showed that 
increased phosphorylation of Jak2 and Stat3 
was detected in LX2 co-cultured Huh7 cells. 
The Jak inhibitor tofacitinib reversed sorafenib 
resistance by blocking Jak2 and Stat3 activa-
tion [7]. However, the underlying mechanism  
of sorafenib resistance has not been fully 
investigated. 

P62 (also known as SQSTM1) is a multifunc-
tional stress-induced scaffold protein involved 
in a variety of cellular processes. Its functions 
are strictly regulated by a wide range of post-
translational modifications. Previous studies 
have found that P62 may play an important role 
in drug resistance in melanoma, non-small cell 
lung cancer, liver cancer, and other type of can-
cers [8-10]. In lung cancers, glioma, breast can-
cer, prostate cancer, and other cancers, P62 
has found to play the role as onco-genes [11-
13]. However, its role in HCC has been rarely 
reported and the underlying role in drug resis-
tance towards sorafenib remains unclear.

Here, we propose that the over-expression of 
P62 would alleviate the sensitivity of hepatocel-
lular carcinoma cells to sorafenib in HCC cells.

Materials and methods 

Patients

From the year 2011 to 2013, 30 cases of 
advanced HCC who were diagnosed by patho-
logical biopsy and immunohistochemistry in 
Nanjing Drum Tower Hospital Affiliated to the 
Medical College of Nanjing University were 
included. All patients had oral sorafenib as the 
first-line treatment. The formalin fixed tissue 
and fresh tissue solidified in liquid nitrogen 
were studied in this study. Survival information 
was obtained through active follow-up on the 
basis of identifying the patient’s life state. 
Overall survival rate (OS) is defined as the time 
between the start of treatment and death or 
the last follow-up to March 1, 2018. This study 
was conducted in accordance with the ethical 
standards approved by the ethics committee  
of our hospital and informed consent of all par-
ticipants was obtained.

Cell culture and cell treatment

All the cell lines were obtained from the 
Hepatobiliary Research Institute of Nanjing 
Drum Tower Hospital affiliated to the Medical 
College of Nanjing University (Jiangsu, China). 
The cell lines HepG2, Huh7, Hep3B, and 7402 
were banked upon receipt and passaged for 
fewer than 6 months before use without further 
authentication. All the cells were cultured in 
Dulbecco’s modified Eagle Medium (DMEM) 
containing 10% fetal bovine serum (FBS) at 
37°C with a humidified atmosphere of 5% CO2. 

Screening sensitive cell lines

HCC cell lines HepG2, Huh7, Hep3B, and 7402 
were implanted into 96-well plates and treated 
with sorafenib (concentrations of 5, 10, 15, 20, 
25, 50, 100 and 200 ug/ml, respectively) for 
24 h, 48 h and 72 h. Cell viability was assessed 
using the Cell Counting Kit 8 (CCK-8). In brief, 
the cells were seeded into the 96-well plates 
with an initial density of 5 × 103 cells/well for 
1-3 days. Afterwards, 90 ul of fresh serum-free 
medium and 10 ul of CCK-8 reagent (Tongren 
Chemistry, Japan) were added to each well 
after decanting the previous medium, and the 
culture was continued at 37°C for 1 h. The opti-
cal density was determined using a microplate 
reader (Promega, Madison, WI, USA) at 450 
nm. IC50 values were calculated.

Cell growth measurements and viability assays

A sensitive HCC cell line was planted on a 
24-well plate, treated with sorafenib (appropri-
ate concentration according to the above men-
tioned condition) for 24 h, 48 h and 72 h, and 
the proliferation rate of cancer cells was detect-
ed by EDU kit (Invitrogen, USA). Cell viability 
was expressed as a percentage of the absor-
bance measured in the control cells. All experi-
ments were performed in duplicate and repeat-
ed three times.

Immunohistochemistry 

Immunohistochemistry was performed accord-
ing to the standard protocols. Briefly, paraffin 
sections were deparaffinised in xylene and 
transferred through two changes of 100% etha-
nol. Heat-induced antigen retrieval was per-
formed in 10 mM citrate buffer at 100°C  
for 2 min and cooled for 30 min at room tem-
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perature. Endogenous peroxidase activity was 
blocked with peroxidase-blocking reagent con-
taining 3% hydrogen peroxide and serum. After 
incubation, the slides were washed in PBS 3 
times. Then, slides were incubated with P62 
polyclonal antibody (1:100; Proteintech Inc., 
USA) overnight at 4°C. After being washed, the 
sections were incubated with biotin-goat anti-
rabbit antibody at room temperature. The per-
oxidase reaction was developed with 3,3’-diami-
nobenzidine (DAB) chromogen solution in DAB 
buffer substrate. The sections were counter-
stained with hematoxylin, mounted in neutral 
gum, and analyzed using a bright field micro-
scope (Olympus IX71, Tokyo, Japan). The immu-
nostaining was microscopically evaluated by 
two independent pathologists. A semiquantita-
tive scoring system was based on the staining 
intensity and proportion of positive cells.

Western blotting assay

Cell proteins were prepared using cell lysis buf-
fer. Equal amounts of protein (50 mg) were 
separated by 10% sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis and then trans-
ferred to nitrocellulose membranes (Merck 
Millipore) by electro-blotting. The membranes 
were blocked with 5% nonfat dry milk in TBST 
for 1 h, and then incubated with primary anti-
bodies overnight at 4°C before subsequent in- 
cubation with second antibodies (Cell Signaling 
Technology) for 1 h at 37°C. Protein bands were 
visualized with ECL plus chemiluminescence kit 
(Millipore, Bedford, MA, USA).

Quantitative real-time PCR

Total RNA from cells was extracted using TRIzol 
Reagent (Invitrogen, Carlsbad, CA, USA). After 
total RNA was extracted, cDNA was synthesized 
using the Primer-Script™ One Step RT-PCR Kit 
(TaKaRa, Dalian, China). The cDNA template 
was amplified by real time-qPCR using the 
SYBR® Premix Dimmer Eraser kit (TaKaRa, 
Dalian, China) carried out on ABI 7500 system 
(Applied Biosystems, CA, USA) using a SYBR 
Premix Ex Taq II kit (TaKaRa) according to the 
manufacturer’s instructions. GAPDH was mea-
sured as an internal control, and mRNA values 
were normalized to GAPDH. The relative expres-
sion fold change of mRNAs was calculated by 
the 2 -ΔΔCt method.

Statistical analysis

All statistical analyses were carried out using 
the SPSS 16.0 statistical software package 
(Chicago, IL, USA). Comparisons between gro- 
ups for statistical significance were performed 
with a Student’s t-test. Survival curve was plot-
ted using the Kaplan-Meier method and com-
pared by the log-rank test. P < 0.05 was consid-
ered statistically significant in all cases.

Results

Relationship between the expression of P62 
and the treatment sensitivity of sorafenib and 
its clinical significance

First, we compared the expression of p62 in 
HCC samples with adjacent normal tissues.  
As the Figure 1A showed that, compared with 
normal tissue, the expression of P62 was sig-
nificantly higher in HCC samples. We also did 
the IHC to show the protein expression of P62 
on HCC samples and normal tissues. Consistent 
with the mRNA expression, P62+ was found in 
more HCC samples, compared with adjacent 
normal tissues. Then we analyzed the relation-
ship between expression of P62 and overall 
survival time. As Figure 1C showed that over- 
expression of P62 was correlated with shorter 
survival and the difference was statistically 
significant. 

Sensitivity of different HCC cell lines to 
sorafenib

Then, we performed the in vitro screening of 
four cell lines, HepG2, 7402, huh7 and hep3B 
sensitivity to sorafenib. CCK-8 test was per-
formed. As Figure 2A. showed that sorafenib 
(from 0-200 ug/ml) was used to intervene for 
24 h, 48 h and 72 h. The cell viability was the 
lowest when the concentration of sorafenib 
reached to 100 ug/ml. The HepG2 cell viability 
reduced to approximately 0 when the concen-
tration of sorafenib was 100 ug/ml, while the 
other 3 cell lines kept 50% of cell viability. 
These results suggested that for four cell lines 
in our lab, HepG2 was the most sensitive to 
sorafenib. The immunofluorescence results of 
cells (Figure 2B) showed that sorafenib can 
also significantly inhibit the proliferation of 
HepG2 cells. 
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P62 was significantly up-regulated after treat-
ed with sorafenib, Real-time PCR and Western 
Blot were used to detect the expression levels 
of P62 genes and proteins in HCC cells after 
treated with sorafenib. As Figure 3A showed 
that after treated with sorafenib for 24 hours, 
P62 was significantly up-regulated compared 
with treating with control in four cell lines, but 
in HepG2, P62 was more significantly increa- 
sed. Consistent with the mRNA expression, the 
protein level was also increased significantly  
in HepG2 as Figure 3 showed. 

Changes in the sensitivity of HCC cell lines 
towards sorafenib treatment after P62 inter-
vention 

Based on the above mentioned results, HepG2 
was the most sensitive cell line to sorafenib 
and P62 was the most significantly increased 
when treated with sorafenib. We then used 
HepG2 as the cell line for further experiments. 
Next, we over-expressed or down-regulated the 
expression of P62. The CCK-8 test showed that 
in HepG2 cell lines with sorafenib treatment  
for 24 h, the knockdown of P62 significantly 
reduced the sensitivity of HepG2 cells, while 
the overexpression of P62 significantly in- 
creased the sensitivity of HepG2 cells (Figure 

4A). The EDU test showed that the knockdown 
of P62 significantly reduced the proliferation 
ability of HepG2 cells and the overexpression of 
P62 significantly increased the proliferation 
ability of HepG2 cells (Figure 4B). Flow cytom-
etry (Figure 4C) also showed that the knock-
down of P62 significantly increased the apopto-
sis level of HepG2 cells, and the overexpression 
of P62 significantly reduced the apoptosis level 
of cancer cells.

Discussion

Sorafenib is the only standard molecular tar-
geted therapy for patients with advanced HCC 
at this current stage. Sorafenib is anti-angio-
genic and anti-proliferative by inhibiting kinas-
es such as Raf kinase, vascular endothelial 
growth factor receptor (VEGFR), and platelet 
derived growth factor receptor (PDGFR)-β tyro-
sine kinase [14]. Although sorafenib has 
improved the survival of patients with HCC, no 
significant difference in overall survival has 
been reported. Resistance to sorafenib has 
become one of the major obstacles to improv-
ing its efficacy.

The primary resistance of HCC to sorafenib, 
which because of drug resistance factors exist-

Figure 1. Increased expression of P62 in HCC is associated with patients’ survival. A. The normalized relative ex-
pression of P62 in the tumor and adjacent normal tissues (30 cases) of HCC by qRT-PCR analysis. B. The normalized 
relative expression of P62 in the tumor and adjacent normal tissues analyzed by Immunohistochemistry. C. High 
expression of P62 in HCC is associated with poor patients’ survival.
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ing in tumor tissues or HCC cells of patients 
before drug treatment, is mainly due to genetic 
heterogeneity. The acquired/secondary resis-
tance is caused by resistance factors devel-
oped during sorafenib treatment. The mecha-
nisms of sorafenib resistance may include the 
following aspects. Autophagy is a large number 
of cellular degradation processes that can 
guide cells to digest damaged proteins and/or 
dysfunctional organelles. In HCC, experimental 
and clinical studies have found the effect of 
sorafenib on autophagy induction [15]. So- 
rafenib therapy increases the expression of 
autophagosome formation and autophagy re- 
lated genes (ATGs). In one study, ATG7 knock-
out or combination with the pharmacological 
autophagy inhibitor chloroquine significantly 

important roles in inducing sorafenib resis-
tance, the surviving tumor cells become more 
deteriorated and resistant to chemotherapy 
[19]. Apart from these factors, Epithelial-me- 
senchymal transformation (EMT) is a critical 
cellular process that contributes not only to cell 
migration, but also to drug resistance [20]. 

P62/SQSTM1, as the center of many signaling 
pathways regulating cell life activities, is closely 
related to the occurrence and development of 
tumors in abnormal expression and regulation. 
P62 structures containing important interact-
ing domains demonstrated the ability of this 
protein to regulate the activation of these  
signaling pathways during tumorigenesis and 
transmission. P62 also acts as a molecular 

Figure 2. Sensitivity of different HCC cell lines towards sorafenib. A. Cell 
viability declined to approximately 0 after 72 hours cultured with sorafenib 
at a concentration of 100 um in HepG2 cell line. B. Cell viability was ap-
proximately 70% of previous after 72 hours cultured with sorafenib at a 
concentration of 100 um in 7402 cell line. C. Cell viability decreased to 
50% of previous after 72 hours cultured with sorafenib at a concentration 
of 100 um in huh7 cell line. D. Cell viability was down to 40% after 72 hours 
cultured with sorafenib at a concentration of 100 um in hep3B cell line.

enhanced sorafenib-induced 
apoptosis [16]. These studies 
suggest that sorafenib-induced 
autophagy is a cellular protec-
tive mechanism. However, Be- 
clin1 silencing weakened the 
inhibitory effect of sorafenib 
derivatives on cell viability and 
the expression of autophagy 
markers such as LC3, ATG5, 
VPS34, and Beclin1 in sora- 
fenib resistant cells was de- 
creased, so the opposite con-
clusion was drawn. Also, the 
promotion of c-jun in sorafenib 
resistance was reported in two 
molecular studies. C-jun ex- 
pression was activated in HCC 
cells treated with sorafenib 
and the inhibition of c-jun 
enhanced the apoptosis of 
HCC cells induced by sorafenib 
[17]. Furthermore, a member 
of the receptor tyrosine kinase 
(RTKs) family, epidermal grow- 
th factor receptor (EGFR) has 
been proven to be a potential 
predictor of sorafenib resis-
tance in HCC cells. Down-
regulation of EGFR expression 
or inhibition of EGFR kinase 
activity can help increase the 
sensitivity of EGFR-positive ce- 
lls to sorafenib [18]. Other stu- 
dies indicated that the hypo- 
xic microenvironment may play 
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adapter between the autophagy mechanism 
and its substrate [21]. According to most stud-
ies, the expression of P62 in lung cancer, pros-
tate cancer, gastric cancer, colorectal cancer, 
pancreatic cancer, diffuse large b-cell lympho-
ma, skin melanoma, and some other tumors is 
significantly higher than that in corresponding 
normal tissues. two authors reported that P62 
protein levels in colorectal cancer and gastric 
cancer were lower than those in corresponding 
normal tissues. In addition to direct survival 
analysis, P62 expression was associated with 
lymph node status, distant metastasis, disease 
recurrence, and drug resistance [22]. High lev-
els of P62 also allowed cancer cells to escape 
apoptosis and exacerbate cancer by activating 
the NF-κB/NRF2 signaling pathway [23].

After the treatment of the HepG2 cell line with 
sorafenib, we found that the expression of P62 
significantly increased. Previous literatures ha- 

The activation of NF-κB further increased the 
expression of P62 gene. Knockdown of P62 
gene or inhibition of NF-κB made tumor cells 
sensitive to CQ, leading to increased apoptotic 
cell death after treatment [16].

To overcome the low efficacy of sorafenib in the 
treatment of advanced HCC, the applicability of 
different types of small molecules as a combi-
nation therapy with sorafenib was tested. For 
example, Chen et al. reported that 0.5 mg/kg 
bortezomib synergistically suppressed xeno-
grafted PLC/PRF/5 tumors when treated in 
combination with 5 mg/kg sorafenib by approx-
imately 50% compared with 5 mg/kg sorafenib 
treatment alone [24]. Huynh et al. observed the 
sensitizing efficacy of rapamycin (1 mg/kg) in 
combination with 50 mg/kg sorafenib on the 
suppression of xenografted patient-derived 
HCC [25]. In addition, the selective MEK inhibi-
tor AZD6244 (25 mg/kg) showed about 30- 

Figure 3. P62 was significantly up-regulated after treated with sorafenib. 
A. The expression of P62 all significantly increased when treated with 
sorafenib after 72 h, but in HepG2 cell line, P62 was not as significantly 
increased compared with the other three cell lines analyzed by qRT-PCR. B. 
Consistent with the mRNA expression, the protein expression of P62 was 
also significantly increased when cultured with sorafenib, and P62 was the 
less significantly increased compared with the other three cell lines. 

ve reported that P62 plays the 
role of oncogene in tumors and 
is also highly expressed in liver 
cancer. In addition, the knock-
down of P62 led to apoptosis 
of HepG2 cells treated with 
sorafenib, suggesting that P62 
may reduce the sensitivity of 
HepG2 cells to sorafenib. The 
mechanism by which P62 may 
participate in drug resistance 
was proposed by some stud-
ies. Shimizu et al. found that 
sorafenib treatment led to the 
accumulation of autophago-
some and the activation of 
autophagy flux, which could be 
proved by increasing LC3 lipid 
and Huh7 and significantly 
decreasing the autophagy sub-
strate P62 in HLF and PLC/
PRF/5 cells, thereby promoting 
the survival of HCC cells and 
limiting the efficiency of so- 
rafenib. In squamous cell carci-
noma cells and melanoma 
tumor cells, chloroquine in- 
duced the activation of NF- 
κB and the expression of its 
target genes HIF-1α, IL-8, BCL-
2, and BCL-xl through the accu-
mulation of autophagosomes. 
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40% higher anti-cancer efficacy with sorafenib 
(25 mg/kg) compared with the sorafenib-treat-
ed group in patient-derived xenograft models 
[26]. 

The results of our study provide a strong theo-
retical basis for finding a new therapeutic tar-
get to overcome sorafenib resistance in HCC.
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