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Abstract 

Purpose: Systemic therapy has often been used for patients with advanced hepatocellular carcinoma 
(HCC). However, due to drug resistance, the use of cytotoxic chemotherapy in the treatment of patients 
with advanced HCC has typically demonstrated low response rates. Secretory clusterin (sCLU) is 
expressed in aggressive late-stage tumors and associated with resistance to chemotherapy, including that 
in HCC cases. The present research aimed to investigate the biological role of sCLU in HCC. 
Methods: sCLU expression in HCC and normal tissues was examined using immunohistochemical 
staining, followed by analysis of the correlation between sCLU expression and clinical indicators. In 
addition, the role and internal mechanism of sCLU in cell proliferation and apoptosis were investigated in 
HCC cells.  
Results: sCLU expression was significantly upregulated in HCC tissues; and was associated with 
histological grade and poor overall survival. The levels of sCLU were significantly increased in Bel7402, 
SMMC7721 and resistant HCC cells (Bel7404-OR). Inhibiting the activity of sCLU enhanced the 
chemosensitivity of Bel7402 and SMMC7721 cells. Downregulation of sCLU could increase the 
expression of Gadd45a in HCC cells. Overexpression of sCLU contributed to drug resistance in Bel7402, 
SMMC7721 and Bel7404-OR cells; whereas, overexpression of Gadd45a alone overcame drug resistance 
in the cells above. No significant expression changes of sCLU and Gadd45a were observed in HCC cells 
after the interference of a selective inhibitor of the PI3K/Akt signaling pathway. However, regulation of 
the expression of Gadd45a could influence the phosphorylation level of Akt; and further regulate the 
expression of Bcl-2 and Bax proteins involved in the mitochondrial apoptosis pathways.  
Conclusions: The results demonstrate that sCLU/Gadd45a/PI3K/Akt signaling represents a novel 
pathway that could regulate drug resistance in a one-way manner in HCC cells. 
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Introduction 
It is widely known that liver cancer rates are 

decreasing in China due to reductions in HBV 
infection because of improved hygiene and 
sanitation[1]. However, liver cancer, which is known 

as HCC and occurs world-wide, is still the fourth 
most common cancer and third major reason for death 
caused by cancer in China[2]. Until very recently, no 
systemic chemotherapy was shown to be effective or 
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continuous in the treatment of HCC diagnosed at 
advanced stages or for those who progressed into an 
advanced stage after other treatments failed because 
HCC is extremely resistant to current 
chemotherapeutic drugs. Sorafenib[3], an oral 
multikinase inhibitor that suppresses tumor cell 
proliferation and angiogenesis, is the first 
FDA-approved systemic therapy for patients with 
advanced HCC. However, it offers limited survival 
benefits; and is hampered by the occurrence of drug 
resistance and tumor relapse[4]. Therefore, the 
present status of this treatment has instigated intense 
research on drug resistance and molecular 
mechanisms of HCC with the hope of developing new 
treatment strategies.  

CLU is a single-copy gene, located on 
chromosome 8p21-p12, where it is organized into nine 
exons, eight introns and a 5’-untranslated region and 
encodes three different transcriptional isoforms in 
humans[5]. Two proteins are encoded by this gene: 
secretory CLU protein (sCLU) (75-80 kDa) and 
nuclear CLU protein (nCLU) (55 kDa)[6, 7]. In many 
human tumors, sCLU, which is an endoplasmic 
reticulum (ER)-targeted 449-amino acid polypeptide, 
is considered a stress-activated, cytoprotective, and 
small heat shock chaperone that has been defined as 
an anti-apoptotic protein[8]. Despite growing 
evidence that sCLU, which is an anti-apoptotic factor, 
plays an important role in the resistance to 
chemotherapeutic drugs[9, 10], the molecular 
mechanism involved in this process remains 
unclear[11].  

Previous studies have proven that the 
constitutive activation of the PI3K/AKT/mTOR 
signaling pathway was a major determinant of tumor 
cell growth, survival and drug resistance[12]. Our 
previous results indicate that sCLU contributes to 
OXA resistance by activating the PI3K/Akt 
pathway[13]. Regulating sCLU expression could 
influence the expression of Gadd45a, which is 
considered an essential step following stressful 
growth arrest conditions and treatment with 
pro-apoptotic agents[14]. In HCC cells, whether 
Gadd45a can play an important role in the 
sensitization process of sCLU; and whether it has 
upstream and downstream control relationships with 
the PI3K/AKT signaling pathway remain unknown 
problems. Therefore, we designed the present study 
to investigate the molecular mechanisms of sCLU in 
regulating the downstream signaling pathways.  

Methods 
Cell lines and culture. Bel7402, Bel7404, and 

SMMC7721 cells (human hepatocellular carcinoma 
cell lines) were cultured in RPMI-1640 (Thermo Fisher 

Scientific, Shanghai, China) supplemented with 100 
U/ml penicillin, 100 mg/ml streptomycin, and 10% 
fetal bovine serum. The cells were obtained from the 
Type Culture Collection of the Chinese Academy of 
Sciences (Shanghai, China). All cultures were grown 
at 37°C in a humidified atmosphere containing 5% 
carbon dioxide[13]. The OXA (oxaliplatin)-resistant 
cells, termed Bel7404-OR, were established by 
incubating Bel7404 cells with OXA[13].  

Antibodies and reagents. The antibodies used in 
this study included an antibody against clusterin 
(#42143), which was obtained from Cell Signaling 
Technology (Danvers, MA, USA), and antibodies 
against GADD45a (ab180768), AKT1 (ab18206), AKT 
(ab8805), Bcl-2 (ab32124) and Bax (ab32503), which 
were obtained from Abcam (Cambridge, UK). The 
PI3-kinase inhibitor (LY294002) (ab120243) was 
purchased from Abcam (Cambridge, UK).  

IHC and histopathological analyses. Human 
hepatocellular carcinoma tissue arrays were obtained 
from Shanghai Biochip Company Ltd. (Shanghai, 
China). HCC tissues were obtained from 105 HCC 
patients undergoing complete surgical resection 
between January 2007 and November 2009. All 
patients were followed up until September 2013. 
None of the patients received radiotherapy or 
chemotherapy before surgery, and none of them had 
multiple cancers in other organs.  

The tissue microarray was deparaffinized, 
rehydrated through graded alcohol series, washed 
with Tris-buffered saline, and processed using a 
streptavidin-biotin-peroxidase complex method. The 
tissue microarray was incubated with mouse 
anti-Clusterin (1:200, Cell Signaling Technology 
Danvers, MA, USA) overnight at 4°C, followed by 
incubation with horseradish peroxidase-conjugated 
secondary antibody. Next, the tissue microarray was 
assessed by two pathologists who were blinded to the 
clinical and pathologic information. The staining 
intensity of the tumor tissues was scored as 
0(negative), 1+ (weak), 2+ (moderate) or 3+ (strong), 
while the staining extent was scored as 0 (<10%), 1+ 
(10%-25%), 2+ (26%-50%) or 3+ (>50%)[15, 16]. The 
product of staining intensity by the staining extent 
was defined as the final staining score which was 
classified as negativity (score 0-3) and positivity (score 
4-9)[17].  

Plasmid construction and transfection, cell 
viability and apoptosis assays. Bel7404 cells stably 
transfected with the pIRES2-EGFP/sCLU and 
pIRES2-EGFP vectors were termed Bel7404-sCLUhigh 
and Bel7404-vec, respectively. Bel7402 or SMMC7721 
cells stably transfected with sCLU shRNA (CLU-4) or 
Sc vectors were termed Bel7402-sCLUlow, Bel7402-vec, 
SMMC7721-sCLUlow or SMMC7721-vec. The Gadd45a 
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expression vector was constructed and termed 
pcDNA3.1-Gadd45a-His. The plasmids were 
transfected into Bel7402 and SMMC7721 cells and 
were termed as Bel7402-Gadd45a and 
SMMC7721-Gadd45a, respectively. All these methods 
were described previously[13, 14].  

Western blot analysis for protein expression. 
Whole proteins from cultured HCC cells were 
extracted using a protein extraction kit (Beyotime, 
Shanghai, China). In total, 50 µg of proteins was 
resolved on an 8% SDS-PAGE gel and was transferred 
to a PVDF membrane (Millipore). Non-specific 
binding sites in the membranes were blocked with 1% 
bovine serum albumin in TBST buffer for 2 h at room 
temperature before the addition of primary 
antibodies. Appropriate anti-rabbit, anti-mouse and 
anti-goat antibodies were used as secondary 
antibodies for 2 h at 37°C. Protein bands were 
detected by using an ECL detection kit (Millipore, 
MA, USA) and protein expression was determined 
using Quantity One software and was normalized to 
GAPDH.  

Statistical analysis. All data were expressed as 
the mean ± standard deviation (SD) and were 
analyzed by SPSS 17.0 software. Quantitative data 
were analyzed using one-way ANOVA. Survival 
curves were evaluated using the Kaplan-Meier 
method and were compared using the log-rank test. A 
value of p <0.05 was considered significant.  

Results 
Negative sCLU expression correlates with 
better survival rates in HCC 

In total, 105 HCC patients were included in this 
study, and the clinical characteristics are summarized 
in Table 1. The association between sCLU expression 
and clinicopathological characteristics of the HCC 
patients was analyzed. According to the IHC results, 
63 cases (60.0%) exhibited higher expression of sCLU 
in HCC specimens, whereas only 19 cases (18.1%) of 
the matched non-tumorous tissue samples 
demonstrated positive sCLU expression (P<0.001) 
(Fig. 1A and 1B).  

Next, we examined the prognostic value of sCLU 
for overall survival in HCC. Kaplan-Meier survival 
curves revealed that the HCC patients with low 
expression of sCLU survived significantly longer than 
those with high expression of sCLU (Fig. 1C). The 
mean survival time of patients with negative sCLU 
expression was 54.0 months, but it decreased to 18.0 
months in patients with positive sCLU expression. We 
could also find that tumor stage was a prognostic 
factor (Fig. 1D). All these results demonstrated that 

negative sCLU expression was significantly 
associated with better overall survival.  

Table 1. Correlation between the expression of sCLU and the 
clinicopathological characteristics of HCC patients 

Variables N sCLU Expression P 
Negative Positive 

Age(years)    0.322 
≤55 66 24 42  
>55 39 18 21  
Gender    0.298 
Male 94 36 58  
Female 11 6 5  
Tumor size(cm)    0.128 
≤2 14 3 11  
>2 91 39 52  
Tumor size(cm)    0.568 
≤5 41 15 26  
>5 64 27 37  
Metastasis    0.255 
Yes 9 2 7  
No 96 40 56  
HBsAg    0.255 
Positive 81 30 51  
Negative 24 12 12  
Histological 
grades 

   0.046* 

I+II 55 27 28  
III 50 15 35  
TNM stage    0.262 
I+II 58 26 32  
III+IV 47 16 31  
*Statistically significant of P<0.05 

 

Relationship between sCLU expression and 
Gadd45a expression in HCC cells.  

Our previous study has demonstrated that 
down-regulated expression of sCLU results in a 
significant increase in Gadd45a protein levels[13, 14]. 
However, the role of Gadd45a and its downstream 
signaling pathways in the chemosensitization of 
sCLU require further research. Hence, we 
investigated the expression of sCLU and Gadd45a by 
Western blotting in HCC cells. As shown in Fig. 2A, 
compared with Bel7404 cells, which showed a low 
expression of sCLU protein, there was a low level 
Gadd45a expression in Bel7402 and SMMC7721 cells 
with high expression of sCLU protein. 

 To analyze the expression of Gadd45a, we 
silenced the sCLU gene using shRNA in Bel7402 and 
SMMC7721 cells and increased the expression of 
sCLU using the pIRES2-EGFP/sCLU in Bel7404 cells. 
As shown in Fig. 2C and 2E, compared with the 
Bel7402-vec and SMMC7721-vec cells, the Gadd45a 
protein expression levels were increased in 
SMMC7721-sCLUlow and Bel7402-sCLUlow cells. 
However, there were no obvious differences in 
Gadd45a expression in Bel7404-sCLUhigh and 
Bel7404-vec cells (Fig. 2G and 2H).  
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Fig. 1. sCLU expression is elevated and correlated with a poor prognosis in HCC. A. Immunohistochemical analysis of sCLU expression in HCC tissues and adjacent 
nontumor liver tissues (50× and 200×). (a, b) Negative expression of sCLU in normal tissues; (c, d) Negative expression of sCLU in HCC tissues; (e, f) Positive expression of sCLU 
in HCC tissues. B. Percentage of sCLU immunostaining in HCC and normal tissues. C. Kaplan-Meier curves according to the sCLU expression status in HCC. D. Kaplan-Meier 
curves according to TNM stage in HCC. Patients at stage III+IV have shorter overall survival time than those at stage I+II. 

 

Regulation of the expression of sCLU and 
Gadd45a increases the sensitivity of Bel7402 
and SMMC7721 cells to OXA 

Our previous research showed that there was 
significant overexpression of sCLU in Bel7402 and 
SMMC7721 cells, as well as a downregulation of sCLU 
expression that increased the sensitivity of HCC cells 
to OXA. However, the role of Gadd45a in the process 
remains unclear. The overexpression effect was 
confirmed by Western blotting in Bel7402 and 
SMMC7721 cells. Fig. 3A shows that the expression 
level of Gadd45a was significantly increased in 
Bel7402-Gadd45a and SMMC7721-Gadd45a cells 
compared with that in control transfectants.  

Next, the dose at which OXA cytotoxicity 
develops, in the period of 24 h or 48 h in Bel7402 and 
SMMC7721 cells was determined. Cell viability was 
significantly decreased by OXA in a dose-dependent 
manner (Fig. 3C and 3D). Fig. 3E and 3F shows that 
the depletion of sCLU or overexpression of Gadd45a 
could reduce the viability of Bel7402 and SMMC7721 
cells treated with OXA (16 µM), compared with the 
cells treated with OXA alone. Depletion of sCLU and 
overexpression of Gadd45a induced the apoptosis of 
Bel7402 cells at rates of 2.2% and 2.5%, respectively. 
Oxaliplatin induced apoptosis at a rate of 8.8%, which 

was significantly higher than that of untreated 
Bel7402 cells (0.7%). Bel7402-sCLUhigh and 
Bel7402-Gadd45a cells treated with OXA had even 
higher apoptosis rates (Fig. 3G), while similar results 
were also obtained with SMMC7721 cells (Fig. 3H).  

Overexpression of Gadd45a increases the 
chemotherapy sensitivity of Bel7404-OR cells 
to OXA 

After evaluating the effect of sCLU gene 
suppression and Gadd45a overexpression in Bel7402 
and SMMC7721 cells on tumor cell chemosensitivity, 
we next investigated the expression of sCLU and 
Gadd45a by Western blotting in the drug-resistant 
HCC cells (Bel7404-OR and Bel7404-OR-Gadd45a) 
and HCC cells with sCLU overexpression 
(Bel7404-sCLUhigh). As shown in Fig. 4A, compared 
with Bel7404 cells, sCLU expression was significantly 
upregulated in Bel7404-OR cells and 
Bel7404-OR-Gadd45a cells, with the highest 
expression level in Bel7404-sCLUhigh cells. After 
transfection with pIRES2-EGFP/Gadd45a in 
Bel7404-OR cells, these cells were expressed at 
distinctly higher levels of Gadd45a than parental cells. 
With the increased expression of sCLU in Bel7404-OR 
cells, we found that the expression of Gadd45a was 
decreased compared with that in the parental cells.  
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Fig. 2. Expression of sCLU and Gadd45a in HCC cells. Cell lysates (A) from SMMC7721, Bel7402 and Bel7404 cells were subjected to Western blot analysis. Parental 
Bel7402, SMMC7721 cells (Control), or Bel7402, SMMC7721 cells transfected with Sc or CLU-4 shRNA vectors were subjected to Western blot analysis (C and E). Parental 
Bel7404, or Bel7404 cells transfected with Sc or pIRES2-EGFP/sCLU vectors were subjected to Western blot analysis (G). (B, D F and H) The density of each band in (A, C, E 
and G) was measured and normalized to that of GAPDH, respectively. A significant (P<0.05) difference of Gadd45a expression from the respective control is denoted by “*”, and 
sCLU expression is denoted by “**”. 

 
According to Fig. 4C, with increasing 

concentrations of OXA, we found that the cell 
viability was higher in OXA-resistant Bel7404 cells 
(Bel7404-OR) than in parental Bel7404 cells. We also 

found the same results in Bel7404-sCLU cells. 
However, compared with Bel7404-OR cells, cell 
viability was significantly reduced in Bel7404-OR- 
Gadd45a cells (Fig. 4D).  
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Fig. 3. Regulation of the expression of sCLU and Gadd45a increases the sensitivity of HCC cells to OXA. (A) Parental SMMC7721 and Bel7402 cells (Control), or 
cells transfected with Sc or pcDNA3.1-Gadd45a-His vectors were subjected to Western blot analysis. (B) The density of each band in (A) was measured and normalized to that 
of GAPDH. (C and D) Parental Bel7402 or SMMC7721 cells were seeded in a 96-well plate and were allowed to grow overnight. The next day, the media were replaced with the 
same media containing various concentrations of oxaliplatin. The cell viability was measured using the CCK-8 assay after incubation for 24 and 48h. (E, F) Parental Bel7402 or 
SMMC7721 cells, cells transfected with CLU-4 shRNA vector, or cells transfected with pcDNA3.1-Gadd45a-His vectors were cultured in medium with 16nM OXA for 48 h, and 
then the cell viability was measured. (G, H) Parental Bel7402 or SMMC7721 cells (control), cells transfected with CLU-4 or pcDNA3.1-Gadd45a-His vectors were incubated in 
the absence or presence of OXA (16 nM) for 48 h, and then the cell apoptosis rates(%) were measured. A significant (P<0.05) difference in the Gadd45a expression from the 
respective control is denoted by “*”. A significant (P<0.05) reduction from OXA-treated parental cells is denoted by “**”, and a significant (P<0.001) difference is denoted by “†”. 
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Fig. 4. Overexpression of the Gadd45a increases the chemotherapy sensitivity of Bel7404-OR cells to OXA. (A) Parental Bel7404 or Bel7404-OR cells, or cells 
transfected with pIRES2-EGFP/sCLU vectors, or pcDNA3.1-Gadd45a-His vectors, were subjected to Western blot analysis. (B) The density of each band in (A) was measured 
and normalized to that of GAPDH, respectively. (C, D) Parental Bel7404, Bel7404-OR cells, or cells transfected with pIRES2-EGFP/sCLU vectors or pcDNA3.1-Gadd45a-His 
vectors were seeded in 96-well plate and were allowed to grow overnight. The next day, the media were replaced with the same media containing various concentrations of 
OXA. After 48 h of incubation, the cell viability was measured using the CCK-8 assay. (D) The cells above were cultured in medium with 16nM OXA for 48h and then the cell 
viability was measured. A significant (P<0.05) reduction in OXA-treated Bel7404 or Bel7404-OR cells is denoted by “*”, a significant reduction in Gadd45a overexpression cells 
is denoted by “**”, and a significant difference in Gadd45a overexpression in Bel7404-OR cells is denoted by “†”. 

 

sCLU regulates the PI3K/AKT signaling 
pathway by mediating the expression of 
Gadd45a 

Early studies have shown that sCLU can regulate 
the PI3K/AKT signaling pathway, but it was unclear 
whether Gadd45a was involved in this process. pAkt 
has been considered a significant multidrug resistance 
locus and, thus, was emphasized to detect its 
expression in HCC cells. To further investigate the 
relationship among sCLU, Gadd45a and the 
PI3K/AKT pathway, we first explored the expression 
of sCLU and Gadd45a in HCC cells after the 
intervention of a PI3K/AKT-selective inhibitor. 
Western blot analysis showed that pAKT was 
downregulated and there were no differences in the 
expression of sCLU and Gadd45a in Bel7402 and 
SMMC7721 cells after treatment with LY294002, a 
potent inhibitor of PI3K (Fig. 5A and 5B). In addition, 
we obtained the same results in Bel7404 and 
Bel7404-OR cells (Fig. 5C and 5D). These data together 
implied that there were no significant differences in 
the expression of sCLU and Gadd45a after the 
inhibition of the PI3K/AKT pathway, while sCLU 
might regulate the PI3K/AKT pathway in a one-way 
control mode. To explore the role of Gadd45a in the 

process, the expression of pAkt, Bcl-2 and Bax was 
investigated in HCC cells after regulation of the 
expression of Gadd45a. We found that overexpression 
of Gadd45a could decrease the expression of pAkt in 
Bel7402, SMMC7721 and Bel7404-OR cells, while 
these cells had similar levels of Akt compared with 
those of their parents. In the same manner, Gadd45a 
overexpression upregulated Bax and downregulated 
Bcl-2, thus reducing the Bcl-2/Bax ratio in HCC cells 
(Fig. 5E and 5F). These data demonstrate that sCLU 
might regulate the PI3K/AKT pathway by 
influencing the expression of Gadd45a with an 
involvement of tumor cell drug resistance.  

Discussion 
HCC is a complex disease with multiple 

underlying pathogenic mechanisms caused by a series 
of risk factors such as viral hepatitis, alcohol, and 
non-alcoholic steatohepatitis[18, 19]. Owing to the 
limit of detection and lack of health checks, 40% of 
patients were diagnosed with advanced liver cancer 
with a loss of the opportunity for operation. These 
patients can only be treated with local ablation 
therapy, radiofrequency ablation therapy, hepatic 
arterial chemoembolization, targeting therapy and 
biotherapy[20, 21]. Although systemic chemotherapy 
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was used in treating HCC in the advanced stage, the 
clinical application of chemotherapy in HCC remains 
stagnant because of low sensitivity to chemotherapy, 
abundant side effects and weak liver functions. 
Complications of cirrhosis, including deranged liver 
function, esophageal varices and thrombocytopenia, 

have rendered a significant number of patients 
unsuitable for chemotherapy and targeted therapy. 
Identification of novel targets through molecular cell 
biology will provide new therapeutic strategies for 
advanced-stage HCC and better methods for outcome 
prediction.  

 

 

 
Fig. 5. sCLU regulates the PI3K/AKT signaling pathway by mediating the expression of Gadd45a. (A, C) Bel7402, SMMC7721, Bel7404 and Bel7404-OR cells were 
cultured in medium with the Akt inhibitor (LY294002) for 2h and then were cultured in the nature medium. Western blot analysis with anti-sCLU, anti-Gadd45a, 
anti-phospho-Akt and anti-Akt antibody was performed to detect the protein expression. (E) Bel7402, SMMC7721 and Bel7404-OR cells, or cells transfected with 
pcDNA3.1-Gadd45a-His vector, were cultured in medium. Western blot analysis was done to detect the expression. (B, D, F) The density of each band in (A, C and E) was 
measured and normalized to that of GAPDH. A significant (P<0.05) difference in p-Akt activation compared with the respective control is denoted by “*”, and the Bcl-2/Bax ratio 
is denoted by “†”. 
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Fig. 6. Regulation mechanism of sCLU in tumor progression. The sCLU 
promoter is activated by treatment stress or cellular stress, and then, sCLU is 
upregulated by activation of the Scr-MEK-ERK signaling pathway. Downregulation of 
sCLU inhibits the expression of Gadd45a and further decreases the p-AKT level. 

 
Consistent with the findings of a previous study, 

sCLU expression was significantly higher in tumor 
tissues compared with the matched adjacent 
non-tumor tissues in a broad range of human cancers, 
such as breast cancer[22], lung cancer[23], and 
especially HCC[14, 24-26]. Likewise, the prognostic 
significance of sCLU expression has been reported in 
different tumor types. Additionally, the expression 
level of sCLU in some tumors was found to be closely 
associated with the pathological stage. The overall 
survival rate of patients with positive sCLU 
expression was significantly lower than that of 
patients with negative expression[15, 27, 28]. In our 
previous study, we found that sCLU expression is 
significantly increased in HCC tissues compared with 
that in adjacent non-tumorous liver tissues. Moreover, 
high sCLU expression was significantly associated 
with poor differentiation and advanced TNM 
stage[14]. However, the relationship between sCLU 
expression and overall survival rate in HCC patients 
was not analyzed. In the following study, Wang et 
al[29] analyzed sCLU expression using tissue 
microarray by immunochemistry analysis. They 
found that the upregulation of sCLU predicts a poor 
prognosis in HCC patients. Recently, similar 
conclusions have also been confirmed in another HCC 
study[30]. However, the relationship between sCLU 
expression and survival prognosis still needs to be 
confirmed in multiple research centers considering 
the possibility that sCLU may become an important 
target in HCC treatment. In this study, the conclusion 

that sCLU expression was significantly upregulated in 
HCC tissues was the same as that in our previous 
studies[14]. Moreover, negative sCLU expression was 
associated with significantly better survival rates, 
while sCLU was an independent prognostic factor for 
overall survival. These findings indicate that the 
assessment of sCLU expression may aid in the 
determination of the prognosis of patients with HCC.  

sCLU, as an important anti-apoptotic factor, was 
considered to be involved in chemosensitivity or 
radiosensitivity in many human tumors[31, 32]. In our 
previous research, a series of genes downstream of 
sCLU in the apoptosis signaling pathway was 
discovered, and Gadd45a may be an important 
regulating target in the response to cell-death- 
inducing stimuli[14]. However, the role of Gadd45a in 
the chemosensitization to OXA in HCC remains 
unclear. Aberrant expression of Gadd45a after 
regulating sCLU in HCC cells has been detected (Fig. 
2), and whether Gadd45a plays a key role in tumor 
drug resistance is an interesting question. Therefore, 
we decreased the expression of sCLU and increased 
the expression of Gadd45a to elucidate its direct role 
in the chemosensitivity of HCC cells to OXA by the 
CCK-8 assay and flow cytometry (Fig. 3 and 4). OXA 
alone significantly reduced the viability of HCC cells, 
whereas the depletion of sCLU and overexpression of 
Gadd45a significantly decreased the viability of cells 
treated with OXA. The same experiments were also 
carried out in OXA-resistant HCC cells (Bel7404-OR). 
The above data clearly demonstrate that the altered 
level of Gadd45a was responsible for changes in the 
drug-resistant phenotypes of human HCC cells. In 
other words, Gadd45a may mediate tumor drug 
resistance in HCC cells. This was consistent with 
previous studies. Downregulating the expression of 
sCLU can enhance the cytotoxicity of various 
chemotherapeutic agents[22, 33].  

The PI3K/AKT signaling pathway, which can 
phosphorylate multiple substrates and downstream 
effectors such as members of the Forkhead family, 
caspase family, cell cycle protein family and nuclear 
factor-kB, is one of the most important signaling 
pathways in the control of multiple biological 
processes in tumor cells[34, 35]. The PI3K/AKT 
signaling pathway can be overactivated by enhanced 
stimulation of receptor tyrosine kinases, particularly 
the IGFR and EGFR, which are upregulated in HCC 
and result in the stimulation of the PI3K/AKT 
signaling pathway[12]. In addition, many small 
molecule inhibitors of the PI3K/AKT signaling 
pathway could increase the chemosensitivity of tumor 
cells to anticancer agents[35]. Current research 
suggests that Gadd45a was shown to be a target of the 
p53 homologues and the expression of Gadd45a is 
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known to be regulated by both p53-dependent and 
p53-independent pathways depending on the type of 
genotoxic stress[36]. Upregulation of Gadd45a is an 
essential step for apoptosis induction in cancer cells 
by various pro-apoptotic agents[37-39]. In the present 
research, specific inhibition of Akt could significantly 
decrease the phosphorylation level of Akt but did not 
affect the expression of sCLU and Gadd45a in HCC 
cells. The effect of Gadd45a on the PI3K/AKT 
signaling pathway is also supported by its regulatory 
effects on Bcl-2 family members. The altered 
expression of Gadd45a markedly modulated the 
activity of the PI3K/AKT signaling pathway in HCC 
cells. These results indicated that sCLU mediated 
HCC drug resistance to OXA through Gadd45a and 
then, at least in part, regulated the PI3K/AKT 
signaling pathway (Fig. 6).  

Altogether, we provide insight into the 
biological function of sCLU signaling in HCC and 
demonstrate that the downregulated expression of 
sCLU restrains the activation of the PI3K/AKT 
pathway by upregulating the expression of Gadd45a, 
thus leading to enhanced chemosensitivity to OXA in 
HCC cells. Although we have found that sCLU 
induces drug resistance to OXA and elucidated its 
segmental molecular mechanisms in HCC cells, other 
potential mechanisms may still be unidentified. 
Therefore, the downstream molecular mechanisms of 
Gadd45a and PI3K/AKT signaling pathway in drug 
resistance in HCC should be further investigated. The 
new therapeutic target in combination with 
conventional chemotherapeutics may contribute to 
potential novel therapeutic methods in HCC.  
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