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Abstract
Background/Aims: We investigated the correlation between toll-like receptor 4 (TLR4) 
and β-catenin for disclosing the potential pathogenesis of hepatocellular carcinoma (HCC). 
Methods: Immunohistochemical toolkit was implemented to measure the expression of TLR4 
and β-catenin in 98 cases of HCC tissues and adjacent tissues. After setting up the HepG2.2.15 
hepatitis B virus (HBV) related HCC cell line, we divided the cells into the control group, TLR4 
siRNA group, β-catenin siRNA group, and pcDNA.3.1 TLR4 + β-catenin siRNA group. Western 
blot, CCK-8 method, Transwell and flow cytometry were used to detect protein expression, 
cell proliferation, cell migration and invasion as well as cell apoptosis, respectively. Nude mice 
tumor model was established to observe the effects of TLR4 and β-catenin on the progression 
of HBV-related HCC in vivo. Results:The positive rates of TLR4 and β-catenin were higher 
in HCC tissues compared with normal tissues. Both the TLR4 siRNA group and β-catenin 
siRNA group exhibited a decreased expression of β-catenin. The proliferation, migration and 
invasion of tumor cells in the above two groups were suppressed, while the cell apoptosis 
appeared to be stimulated. As suggested by the results from in vivo and in vitro experiments, 
the up-regulation of TLR4 could antagonize the corresponding effect of β-catenin siRNA. 
Conclusions: TLR4 can affect the expression of β-catenin and hence influence the progression 
of HBV-related HCC.

Introduction

Hepatocellular carcinoma (HCC) is a fatal malignant tumor which causes a large number 
of deaths. More than 20,000 new cases were diagnosed with liver cancer in the United States 
and approximately half a million new HCC cases were identified each year in the world [1]. 
In developing countries, about 85% of liver cancer patients are associated with the hepatitis 
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B virus (HBV) infection [2]. HCC is known as a chemo-resistant cancer which cannot be 
cured by using cytotoxic drugs [3]. No effective systemic therapies for HCC patients have 
been developed [4] because the pathogenic mechanism of HCC is highly complicated, mainly 
including the over-activation of Ras/Raf/MEK/ERK, PI3K/AKT/mTOR signaling pathways 
and the abnormal expression of receptor tyrosine kinases [5-7]. The complexity of HCC 
pathogenesis indicates that new therapeutic targets should be developed to overcome this 
challenge.

Toll-like receptors (TLRs) in immune cells can act as key pattern recognition receptors 
(PRRs) [8]. TLRs participate in the regulation of both innate and adaptive immune responses 
and they have been investigated in various diseases such as allergic and infectious diseases 
[9-11]. It has also been reported that TLRs, which are associated with the biological activities 
of cancer cells, are expressed in different tumor cells. For example, the abnormal expression 
of toll-like receptor 4 (TLR4, the receptor of lipopolysaccharide which is observed from 
gram-negative bacteria) in cancer cells induces both tumor growth and escapes from 
immune surveillance [12]. Clinical research indicated that high levels of plasmatic endotoxin 
may trigger liver inflammation via TLRs activation which may act as a tumor promoter in 
the intestine [13]. Previous research has verified that TLR4 is an essential element for the 
progression of HCC which is reflected by stimulating proliferation, hepatomitogen epiregulin 
expression and apoptosis resistance [14]. Therefore, TLR4 may be selected as a therapeutic 
target for preventing and treating HCC effectively.

On the other hand, Wnt/β-catenin signaling pathway is involved in a variety of cell 
processes including cell proliferation, differentiation and embryonic development [15]. 
β-catenin is an important signal transducer molecule which is stabilized when it is combined 
with T cell factor/lymphocyte-enhancing factor (TCF/LEF) through nuclear translocation 
[16]. As suggested by an increasing number of studies, the abnormal activation of Wnt/β-
catenin signaling is linked with various cancer cells [17]. Moreover, both HCC initiation and 
progression are associated with the unusual activation of Wnt/β-catenin signaling pathway 
[18]. Clinical statistics indicate that aberrant Wnt/β-catenin signaling is usually accompanied 
with oncogenic activation which is commonly observed in HCC patients [19]. Another study 
clarified that TLR4 may synergize with Wnt/β-catenin pathway and such interaction may be 
associated with the progression of colorectal cancer (CRC) [20]. As a result, we aim to assess 
whether the abnormal expression of TLR4 or β-catenin is involved in the progression of HCC, 
thereby revealing their potential molecular functionality.

The influence of TLR4 and Wnt/β-catenin pathway on HBV-related HCC was explored 
both in vitro and in vivo. We demonstrate that tumor cell proliferation can be activated by 
over-expressing TLR4 or Wnt/β-catenin pathway. Thus, potential anti-tumor mechanism of 
TLR4 and β-catenin may be revealed by our study, which can be used to discover alternative 
targeted therapies for HCC patients.

Materials and Methods

Samples
The corresponding 98 HBV related HCC tissues and adjacent normal tissues included in our 

experiments were acquired from First Affiliated Hospital, China Medical University from January 2015 to 
May 2016. Initial treatment for patients was liver resection. All patients did not receive any preoperative 
treatment. Informed consent had been obtained from all patients, and the research protocols have been 
approved by the Ethics Committee of First Affiliated Hospital, China Medical University.

Histology and Immunohistochemistry
After tissues were fixed in 10% formalin, they were embedded and cut into 5-mm-thick slices in 

paraffin. Subsequently, slices were dewaxed and rehydrated. 3% hydrogen peroxide buffer and heated 
10mM citrate buffer were used for antigen restoration before immunological reaction. After stained 
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with diaminobenzidine (DAB) and hematoxylin solution, slices were dehydrated and sealed. Anti-TLR4 
was purchased from Novus Biologicals. Also, catenin (anti-β-catenin, Sigma-Aldrich) was detected for 
mammalian species.

Cell Culture and Transfection
HCC cell lines (HepG2.2.15, MHCC97-H, and Hep3B) were obtained from the Institute of Biochemistry 

and Cell Biology of Shanghai. The culture medium containing Dulbecco modified eagle medium (DMEM), 
100 U/mL penicillin, 0.1 mg/mL streptomycin and 10% fetal bovine serum was placed in a 37°C, 5% CO2 

humidified incubator. G418 (6.5 mg/mL, Solarbio, Shanghai, China) was added to maintain HCC cells. 
The pcDNA.3.1 TLR4, TLR4 siRNA and β-catenin siRNA recombinant plasmid vectors were purchased 
from Ribobio (Shanghai, China). Lipofectamine 2000 (Invitrogen, MA, USA) was used to transfect the 
corresponding plasmids into cells based on the manufacturer’s instruction. Transfected cells were collected 
for mRNA and protein expression analysis after 24 and 36 hours’ incubation, respectively. After that, samples 
were divided into four groups: negative control group (blank carrier transfected), TLR4 siRNA group (TLR4 
siRNA transfected), β-catenin siRNA group (β-catenin siRNA transfected) and pcDNA.3.1 TLR4 + β-catenin 
siRNA group (pcDNA.3.1 TLR4 and β-catenin siRNA transfected).

Western blot
Lysis buffer [50 mmol/L Tris–HCl (pH 8.0), 150 mmol/L NaCl, 0.1% SDS, and 5 mmol/L EDTA (pH 

8.0)] was prepared for the following experiment. After cells were treated by precooling phosphate buffer 
saline (PBS), but before transferred into the EP tube, protease inhibitors and RIPA lysis were added for 
the purpose of complete lysis. The supernatant after centrifugation (4°C, 15min, and 15000r/min) was 
stored at -80°C. Protein samples of 20 g was added to each hole and separated by 12% SDS-polyacrylamide 
gel electro-phoresis and then transferred to polyvinylidene difluoride membranes (Millipore, Billerica, 
MA, USA) which were subject to antibody reaction (internal reference = GAPDH). TLR4 antibody (Protein 
tech Wuhan, China), β-catenin antibody (Protein tech, Wuhan, China) and GAPDH antibody (Abcam, USA) 
(dilution concentration were 1:400, 1:500, 1:900, respectively) were used in this study. Membranes were 
blocked with 5% fat-free milk and then incubated with primary antibodies at 4°C overnight, followed by the 
incubation with secondary antibodies for two hours.

Cell Counting kit-8 (CCK-8) Assay
Cells were cultured in 96 well plates, in which each hole contained 3000-5000 cells and they were 

cultured for 24, 48, 72 and 96 hours. Cells were allowed for adhesion for a period of 12 hours and were 
starved with serum-free medium for another 12 hours. Subsequently, cells were exposed to 10 μg/mL LPS 
for different durations. Once the incubation with CCK-8 (Zomanbio, China) had been carried out for three 
hours, the corresponding optical density (OD) values were detected at 450 nm.

Cell Migration and Invasion Assay
The migration status of cells was detected using Transwell assay which was conducted in the Transwell 

chambers. The invasion status of cells was detected in the upper chamber after the gel predation. In order to 
cover the upper surface of the Transwell cell membranes, DMEM was used with dilute matrigel (1:8). Then 
250 µL cell suspension was added to each upper well, while medium with 10% fetal calf serum was added 
into the lower one and hatched in a 5% CO2 incubator at 37 °C. After each Transwell chamber containing 
1 × 105 cells had been cultured for 48 hours, cells in the lower chambers were collected and suspended 
in non-serum media which contained 0.1% crystal violet. Then the number of cells was counted under a 
microscope, and ten fields were randomly selected to count the cell number on the membrane surface. 
Finally, the corresponding mean value is calculated to represent the invasion status.

Cell Apoptosis
Cell apoptosis rate was analyzed using flow cytometry. Annexin V-PE/7AAD (BD Bio Sciences, USA) 

was used to detect the cell apoptosis based on the manufacturer’s instruction. Cells were seeded at the 
density of 1 × 105 cells per well in the 9-well plates. Cell apoptosis rate was analyzed using the Cell Apoptosis 
Analysis Kit (Multi Sciences, China). Stained samples were examined by flow cytometry.
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Nude Mouse Tumorigenesis Assay
Male nude BALB/C mice about four weeks old (Shanghai Experimental Animal Center) were selected 

for the formation of subcutaneous tumor using HCC cells. Twenty mice were randomly divided into 4 groups 
(control group, TLR4 siRNA group, β-catenin siRNA group, and pcDNA.3.1 TLR4+ β-catenin siRNA group) 
and were inoculated subcutaneously with 2 × l06 HCC cells (with different transfections) in the lateral 
axillary fossa, with an accumulated dose of 1 × 108 TU. Tumor growth was observed and recorded every 
seven days (using the formula V = 0.52*d3 for volume estimation, d: tumor diameter). Mice were sacrificed 
four weeks after the inoculation.

Statistical Analysis
SPSS 21.0 (IBM SPSS for Windows, Version 21.0; IBM Corporation, Armonk, NY, USA) was used to 

analyze all the data. Data from different groups were compared using the paired t-test. The Analysis of 
Variance (ANOVA) was carried out for comparing data from multiple groups. The correlation coefficient 
between TLR4 and β-catenin was quantified by Kappa correlation coefficient. P < 0.05 represents a 
significant difference.

Results

The expression of TLR4 and β-catenin
The cytoplasm and (or) cell membrane stained tan or brown were considered as positive 

expression of TLR4 in cells. In addition, the cytoplasm, cell membrane and (or) nuclear were 
stained as tan or brown granules in β-catenin positive cells. Every 10 random horizons 
were seen in each section (100 cells/horizon) under a microscope (Abcam, Cambridge, MA, 
USA), and when the rate of positive cells is equal or greater than 5%, the tissue is judged as 
positive. Cells without brown dye particles or the positive rate is less than 5%, the tissue 
is viewed as negative. The specific semi-quantitative classification of TLR4 and β-catenin 
was shown in Table 1. Then, we also compared the proportion of positive TLR4/β-catenin 
expression between carcinoma and normal tissues. As shown in Fig. 1, there is a significant 
difference in the proportion of positive TLR4/β-catenin expression between cancerous 
and adjacent tissues (P < 0.05). Moreover, the expression of TLR4 and β-catenin in tumor 
tissues are higher than that in adjacent tissues (P < 0.05). Three different human HCC cell 
lines (HepG2.2.15, MHCC97-H, and Hep3B) and normal liver cell line were detected for the 
expression levels of TLR4 and β-catenin. TLR4 was significantly overexpressed in all HCC 
cell lines, whereas it was significantly under-expressed in the normal liver cell line (Fig. 2). 
As Fig. 3 showed, the expression of TLR4 decreased significantly in the TLR4 siRNA group 
compared with the control group (P < 0.05). No significant difference in the TLR4 protein 
expression was observed in the β-catenin siRNA and control group (P > 0.05). However, 
the protein level of TLR4 increased significantly after the transfection of pcDNA.3.1 TLR4 
(P < 0.05). The transfection of TLR4 siRNA and β-catenin siRNA can significantly down-
regulate the expression of β-catenin, while the over-expression of TLR4 is able to elevate the 
expression of β-catenin significantly (P < 0.05).

TLR4/β-catenin affects the proliferation, migration, invasion and apoptosis of tumor cells
Tumor cell proliferation assessed using CCK-8 assay was compared among different 

groups (Fig. 4). TLR4 siRNA transfection and β-catenin siRNA transfection can significantly 
inhibit the proliferation of tumor cells in comparison with the control group whereas the 
over-expression of TLR4 is also able to stimulate the proliferation of tumor cells at 24h, 

Table 1. Semi-quantitative Classification of TLR4 and β-catenin. +, ++ and 
+++: The tissue is positive expression
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48h, 72h and 96h (P < 0.05), respectively. The proliferation rate in the pcDNA.3.1 TLR4 
+ β-catenin siRNA group was lower than that in the control group from 24h to 96h, but 
significantly higher than that in the TLR4 siRNA and β-catenin siRNA group at 72h and 96h 

Fig. 1. Expressions of TLR4 and β-catenin in HBV related HCC tissues and adjacent tissues. (A-B) The positi-
ve rate of TLR4 (A) and β-catenin (B) in 98 HBV related HCC tissues and adjacent tissues. (C) The expression 
of TLR4 and β-catenin in tumorous tissues and adjacent tissues. HBV: hepatitis B virus, HCC: hepatocellular 
carcinoma. * means P < 0.05.

Fig. 2. Expressions of TLR4 and β-catenin in normal liver cells and three different HCC cell lines. (A) Wes-
tern blot analysis of TLR4 and β-catenin expression in the normal liver cell line and three different HCC cell 
lines. (B-C) Quantitative protein levels of TLR4 and β-catenin in cells. Data were presented as mean ± SD.  
* P < 0.05 versus control group.

Fig. 3. Expressions of TLR4 and β-catenin in cells after transfection. (A) Western blot analysis of TLR4 and 
β-catenin expression in different groups of cells (i.e. control, TLR4 siRNA, β-catenin siRNA and pcDNA.3.1 
TLR4 + β-catenin siRNA) with GAPDH as the internal control. (B-C) Quantitative protein levels of TLR4 and 
β-catenin in cells. Data were presented as mean ± SD for three independent experiments. * P < 0.05 versus 
control group, # P < 0.05 versus TLR4 siRNA group, ○ P < 0.05 versus β-catenin siRNA group.

http://dx.doi.org/10.1159%2F000477594


Cell Physiol Biochem 2017;42:469-479
DOI: 10.1159/000477594
Published online: May 31, 2017 474
Yin et al.: Impact of TLR4 on the Development of HBV-Related HCC

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

© 2017 The Author(s). Published by S. Karger AG, Basel
www.karger.com/cpb

(P < 0.05). In addition, no remarkable difference was observed between the TLR4 siRNA 
and β-catenin siRNA group at 24h, 48h, 72h and 96h separately (P > 0.05). Moreover, the 

Fig. 4. Effects of TLR4 siRNA, β-catenin siR-
NA and TLR4 on the proliferation of HCC cells 
estimated by the CCK-8 assay. Data were pre-
sented as mean ± SD for three independent 
experiments. * P < 0.05 versus control group, 
# P < 0.05 versus TLR4 siRNA group, ○ P < 0.05 
versus β-catenin siRNA group.

Fig. 5. Migration and invasion status of cells estimated by Transwell experiments. (A-D) The number of cells 
that penetrated the inserted membrane in groups of control (A), TLR4 siRNA (B), β-catenin siRNA (C) and 
pcDNA.3.1 TLR4 + β-catenin siRNA (D). (E-H) The number of cells that penetrated the membrane with gel 
in groups of control (E), TLR4 siRNA (F), β-catenin siRNA (G) and pcDNA.3.1 TLR4 + β-catenin siRNA (H). 
(I) Migratory cell numbers in each group. (J) Invaded cell numbers in each group. Data were presented as 
mean ± SD for three independent experiments. * P < 0.05 versus control group, # P < 0.05 versus TLR4 siRNA 
group, ○ P < 0.05 versus β-catenin siRNA group.
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corresponding results of Transwell experiment which evaluated cell migration and invasion 
status were displayed in Fig. 5. Compared with the control group, cell migration and invasion 
in the TLR4 siRNA and β-catenin siRNA groups were significantly reduced (P < 0.05). The 
over-expression of TLR4 up-regulated the cell migration and invasion of HepG2.2.15. 
Furthermore, the number of migrated and invaded cells in the pcDNA.3.1 TLR4 + β-catenin 
siRNA group was significantly lower than that in the control group, but higher than that in 
the TLR4 siRNA and β-catenin siRNA groups (P < 0.05). Cell apoptosis status in the above 
four groups were detected and compared using the flow cytometry (Fig. 6). The apoptosis 
rates in the TLR4 siRNA and β-catenin siRNA groups were significantly higher than that in 
the control group. The apoptosis rate in the pcDNA.3.1 TLR4 + β-catenin siRNA group was 
higher than that in the control group but lower compared with the TLR4 siRNA and β-catenin 
siRNA group (P < 0.05). Therefore, the over-expression of TLR4 may reduce cell apoptosis 
through the pathway which is related to β-catenin.

Results from animal model
Tumor cells were injected into the four groups of mice by using hypodermic. Mice were 

continued to be fed for a period of four weeks after tumor was visible on the 7th day. Then, 

Fig. 6. Apoptosis rate of cells in each group estimated by flow cytometry. (A-D) Distribution of apoptotic 
cells in groups of control (A), TLR4 siRNA (B), β-catenin siRNA (C) and pcDNA.3.1 TLR4 + β-catenin siRNA 
(D). (E) The corresponding apoptosis rate of cells in each group. Data were presented as mean ± SD for three 
independent experiments. * P < 0.05 versus control group, # P < 0.05 versus TLR4 siRNA group, ○ P < 0.05 
versus β-catenin siRNA group.

Fig. 7. Effects of TLR4 siR-
NA, β-catenin siRNA and 
TLR4 on tumor volume (A) 
and tumor weight (B) in 
vivo. Data were presented 
as mean ± SD for three in-
dependent experiments. * P 
< 0.05 versus control group, 
# P < 0.05 versus TLR4 siR-
NA group, ○ P < 0.05 versus 
β-catenin siRNA group. 
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the volume and weight of tumor were both measured. As shown in Fig. 7, the tumor growth 
rate and the final weight of tumors in the TLR4 siRNA and β-catenin siRNA groups were 
significantly decreased compared with the control group. Besides, the tumor growth rate in 
the pcDNA.3.1 TLR4 + β-catenin siRNA group was significantly lower than that in the control 
group after 21 days but higher than that in the TLR4 siRNA and β-catenin siRNA groups at 
each measurement timing point (P < 0.05). The above results are consistent with those of in 
vitro experiments.

Discussion

HCC is featured by the high recurrence rate as well as high tumor metastasis rate [21, 
22]. The long-term survival status of HCC patients has not been improved since current 
approaches are not able to cure this disease [23]. HCC is usually accompanied by chronic 
inflammatory states due to cirrhosis and chronic hepatitis which may result from hepatitis 
B/C virus or non-viral-correlated factors including alcohol consumption and obesity [24]. 
Moreover, it is believed that the immune microenvironment of HCC may influence the 
proliferation, migration, and invasion of cancer cells [25].

TLRs belong to transmembrane signaling receptors that luxuriantly express in immune 
cells [26]. TLR4 is a member of the TLR family which can induce the production of IL, IFN, 
TNF-β and other inflammatory factors by both activating multiple transcription factors and 
regulating several downstream proteins such as IKB kinase and mitogen activated protein 
kinase (MAPK) [27, 28]. The imbalance of TLR4 has been discovered in several human tumors 
including gastric cancer, colorectal cancer and non-small cell lung cancer [29-31] and such 
an imbalance is associated with the development and progression of tumors. For example, Li 
et al. reported that the down-regulation of TLR4 could inhibit the progression of human non-
small cell lung cancer (NSCLC) [32]. Also Yuan et al. indicated that the up-regulation of TLR4 
stimulated gastric cancer cell growth through inducing the production of mitochondrial 
reactive oxygen species and activating both Akt and NF-κB signaling pathways [33]. On the 
other hand, a colorectal carcinoma model constructed on mice suggested that constitutively 
active TLR4 may inhibit tumor load by inducing apoptosis [34]. Therefore, we suspected that 
there appears to be a sophisticated link between TLR4 and tumor.

As suggested by a recent research, the expression of TLR4 is up-regulated in HBV-
related cirrhosis and HCC [35] and TLR4 appears to have a significant role in HCC [36]. For 
instance, both Wang et al. and Gu et al. showed that the activation of TLR4 signaling induced 
by lipopolysaccharide (LPS) could promote the development of HCC [37, 38]. Jing et al. 
discovered that the expression level of TLR4 in HCC tissues was higher than that in normal liver 
tissues and the activation of LPS-TLR4-NF-κB signaling pathway which is mediated by TLR4 
is associated with the development of HCC [39]. In our study, the expression level of TLR4 in 
HCC tissues was consistent with the above discovery. Furthermore, our study revealed that 
the down-regulated TLR4 induced cell apoptosis and inhibited the proliferation, invasion 
and immigration of HepG2.2.15 cells. This tendency was confirmed in in vivo studies which 
indicated that TLR4 modulated HBV-related HCC. Likewise, Dapito et al. suggested that TLR4 
stimulated the proliferation and suppressed the apoptosis, thus influenced the progression 
of HCC [14].

β-catenin is a protein molecule which is encoded by the CTNNB1 gene. CTNNB1 gene is 
a key factor for the Wnt/β-catenin signaling pathway which is potentially able to modulate 
tumor progression. Besides, the Wnt/β-catenin signaling pathway plays an important role in 
the E-cadherin/catenin complex which is potentially able to preserve adhesion between cells 
[40-42]. More importantly, it is evident that the dysfunction of the Wnt/β-catenin signaling 
pathway is associated with the pathogenesis of HCC [43]. Guichard et al. showed that the 
Wnt/β-catenin signaling pathway might involve in the oncogenesis of HCC since it is related 
to both oxidative stress metabolism and Ras/mitogen-activated protein kinase pathways 
[44]. Similar to the expression of TLR4, our study provided an evidence that the expression 
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of β-catenin in HCC tissues were significantly higher than that in normal liver tissues. Our 
study also revealed that down-regulated β-catenin induced cell apoptosis but inhibited 
the proliferation, immigration and invasion of HepG2.2.15 cells. The above conclusion is 
also supported by our in vivo experiments which concluded that β-catenin has potential 
modulating effects on HBV-related HCC. Therefore, we suspected that TLR4 directly activated 
Wnt/β-catenin signaling pathway. As suggested by our in vivo and in vitro experiments, TLR4 
could increase the expression of β-catenin and antagonize the inhibitory effects of β-catenin 
siRNA on HCC cells to a certain degree. Therefore, we verified the hypothesis that TLR4 
triggers the activation of downstream β-catenin. Santaolalla et al. demonstrated that TLR4 
activated β-catenin through an intracellular signaling pathway resulting in the occurrence 
and development of intestinal neoplasia [20].

However, some contradictory results have been found in the current literature. For 
instance, Sodhi et al. indicated that TLR4 inhibited β-catenin and depressed enterocyte 
proliferation by conducting experiments on mice in which the necrotizing enterocolitis model 
was established [45]. Therefore, the effect of TLR4 on tumor progression may depend on cell 
types as well as external environment which may modulate the proliferation and metastasis 
of tumor cells. Hence, further investigations are essential to clarify these contradictions. 
Moreover, some previous studies reported that the β-catenin regulation by TLR4 required 
the activation of TLR4 via LPS and the dependence of PI3K [20, 39], whereas this study didn’t 
take these factors into consideration.

Overall, our study confirmed that TLR4 could increase the expression of β-catenin, 
stimulate the proliferation and invasion of tumor cells and have impact on the progression 
of HBV-related HCC. As a result, both TLR4 and Wnt/β-catenin pathway may be considered 
as potential molecular targets for the treatments of patients with HBV-related HCC.
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