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ABSTRACT. We investigated the effect of the IL-17 monoclonal 
antibody Secukinumab combined with IL-35 in the blockade of the 
Notch signaling pathway on the invasive capability of hepatoma cells. 
We examined the effects of IL-17 antibody or IL-35 treatment alone or in 
combination on cell invasion and migration capabilities with Transwell 
chambers. The mRNA levels of Hes1, Hes5, and Hey1 were tested 
using quantitative polymerase chain reaction. The protein expression of 
N1ICD, Snail, and E-cadherin protein expressions were measured with 
western blot. The expression of Hes1, Hes5, Hey1 and N1ICD were all 
very high in hepatoma cell lines, and were positively correlated with the 
invasive migration capabilities of the cells. The combination of IL-17 
monoclonal antibody Secukinumab with IL-35 could effectively inhibit 
the Notch signaling pathway, as well as the invasive migration of the 
cells. Snail and E-cadherin are involved in the migration of hepatoma 



2H.CH. Li et al.

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 15 (2): gmr.15028174

cells, and it has been established that Snail can regulate the expression 
of E-cadherin. IL-17 monoclonal antibody Secukinumab combined with 
IL-35 can increase E-cadherin and decrease Snail expression, which are 
positively correlated with cell invasive migration capabilities. Overall, 
treatment with both IL-17 antibody and IL-35 is more effective than 
each treatment alone. Notch signaling is activated in hepatoma cell 
lines and increases with the enhancement of cell invasive migration 
capabilities. IL-17 monoclonal antibody Secukinumab combined with 
IL-35 can block the Notch signaling pathway, simultaneously reducing 
the invasive migration capability of hepatoma cells.
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INTRODUCTION

Hepatoma, or liver cancer, is a common disease that can be divided into to two major 
categories: primary and secondary (Wang et al., 2010; Siegel et al., 2012). Primary hepatoma 
originates in the liver epithelial or mesenchymal tissue and is of high incidence and malignancy. 
Secondary hepatoma is called sarcoma and is relatively rare compared with primary hepatoma. 
Secondary or metastatic hepatoma is when the tumor originated from another organ, such as 
stomach, bile duct, pancreas, colorectal, ovarian, uterine, lunch or breast, and invades the liver. 
In China, liver cancer accounts for the first and second causes of mortality in the countryside 
and cities, respectively. The incidence of liver cancer in some developed cities in China is also 
increasing each year. In fact, the liver cancer incidence rate in some cities is higher than in 
some developed countries (Jemal et al., 2011). Although various treatment methods continue 
to improve, the mortality rate of the disease is still stubbornly high, which is mainly caused by 
the high rates of recurrence and metastasis. The process of hepatoma cell metastasis is mostly 
through invasion and migration (Cano et al., 2000; Comijn et al., 2001).

Therefore, there is an urgent need for new treatment methods. Since the late 20th century, 
the study of tumor genes has made remarkable progress. Many tumor suppressor genes and carci-
nogenic genes have been identified, thus promoting the achievement in genetic screening and tar-
geted therapy. In this study, we examined the newly discovered cytokine interleukin (IL)-35 (Col-
lison et al., 2007; Duelund et al., 2012) with immune-modulatory functions, combined with the 
carcinogenic cytokine IL-17 monoclonal antibody Secukinumab, on the treatment of liver cancer 
(Stern et al., 1990; Niedbala et al., 2007; Nam et al., 2008). In this study, we screened stable cell 
lines containing IL-35 genes and used Secukinumab to stabilize the cell line. We then investigated 
the synergistic effects of the combination on hepatoma cell proliferation, invasion, and apoptosis, 
thus also providing experimental evidence for the treatment of hepatoma cell. The focus of this 
study is whether this combinatorial treatment can inhibit the metastasis of hepatoma cells.

MATERIAL AND METHODS

Cell lines and reagents

Normal non-tumor liver cell line HL-7702, hepatoma cell line HepG2 (SMMC-7721), 
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and MHCC97H are all frozen cell lines from Sun Yat-sen University, China. The following 
reagents were also used: IL-17 monoclonal antibody Secukinumab (Novartis, Basle, 
Switzerland); IL-35 gene (Diagnostic Systems Laboratorie, USA); DMEM culture medium (BD 
Biosciences, USA); fetal bovine serum (BD Biosciences); TRIzol reagent (BD Biosciences); 
Primescript reverse transcription (RT) reagent Kit (TaKaRa, Tokyo, Japan) SYBR Premix 
Ex Taq TM II (Perfect Real Time) kit (Sigma, USA); BCA protein quantitative kit (Sigma); 
mouse anti-human N1ICD antibody (Abcam Inc., London, UK); mouse anti-human GAPDH 
antibody (BD Biosciences); rabbit anti-human Snail antibody (BD Biosciences); goat anti-
human E-cadherin antibody (BD Biosciences); DNA marker (Sigma); and DNA loading buffer 
(Sigma).

Cell culture

Hepatoma cell lines (HepG2, SMMC-7721, MHCC97H) and normal non-tumor 
cell line (HL-7702) were cultured in 100 mL/L fetal bovine serum DMEM culture medium 
(containing penicillin 100 kU/L, streptomycin 100 mg/mL) under 37°C, 50 mL/L CO2, and 
saturated humidity environment for continuous culture. In the logarithmic growth phase, 
cells were harvested for the experiment and divided into four groups: A, non-treatment 
as the comparison group; B, IL-35 treated group; C, 4 mg/mL IL-17 monoclonal antibody 
Secukinumab treated group; and D, 4 mg/mL IL-17 monoclonal antibody Secukinumab 
combined with IL-35 treated group.

Real-time quantitative polymerase chain reaction (PCR) to measure expression of 
Hes1, Hes5 and Hey1

All cells were cultured under normal conditions then 1 mL Trizol Reagent was added 
and mixed. Next, 0.2 mL chloroform was added, the mixture was shaken, and then put in an ice 
bath for 5 min. The mixture was centrifuged for 20 min at 4°C and 12,000 rpm, the supernatant 
was decanted, and an equal amount of isopropanol was added. After incubation in an ice bath 
for 5 min and centrifugation for 20 min at 4°C and 12,000 rpm. The supernatant was discarded 
and 1 mL 75% ethanol was added, shaken sufficiently to make the RNA dissolve, and then 
centrifuged for 5 min at 4°C and 10,000 rpm. The supernatant was carefully removed then the 
tube was turned upside down and dried for 15 min at room temperature. When the pellet was 
dry, 20 µL RNase-free water was added to dissolve the RNA. One microliter was kept and 
the rest was stored at -70°C. The 1 µL that was kept was diluted in 80 mL water to measure 
the ratio of OD260 to OD280 on a spectrophotometer to calculate the total RNA. To synthesize 
cDNA, reverse transcription was performed using PrimeScript RT reagent Kit according the 
manufacturer instructions (Code No. 9160). Briefly, five-fold PrimeScript Buffer (2 mL), 
PrimeScript RT Enzyme Mix (0.5 mL), total RNA (2 mL), and RNase Free H2O (5 mL) were 
combined (total 10 mL) and put at 37°C water bath for 15 min then at 85°C for 15 s.

After the reverse transcription, the appropriate amount of synthesized cDNA was used 
to conduct real-time fluorescence quantitative PCR and the rest was stored at -20°C for further 
study. The real-time PCR was conducted according to the manufacturer instructions using the 
SYBR Premix Ex Taq TM II (Code No. RR041A) kit. Briefly, SYBR Premix Ex Taq (12.5 
mL), PCR forward primer (1 mL), PCR reverse primer (1 mL), DNA template (2 mL), and H2O 
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(8.5 mL) were combined in a total of 25 mL. Real-time PCR was performed as follows: the 
amplification curve, pre-denaturation at 95°C for 5 min, denaturation at 95°C for 20s, anneal-
ing at 60°C for 30s, and extension for 20 s at 72°C. The final stage is when the acquisition 
of fluorescence signal was obtained in a total of 40 cycles. The melting curve was performed 
at 60°C to ~95°C in 0.5°C increasing increments in temperature at each cycle for 20 s. The 
fluorescence signal was acquired in a total of 71 cycles. To measure the PCR products, they 
were examined on 1% agarose gels for electrophoresis. The Hes1, Hes5, Hey1 and GAPDH 
sequence primers are as follows: Hes1: forward, 5'-AGGCGGACATTCTGGAAATG-3', re-
verse, 5'-TCGTTCATGCACTCGCTGA-3'; Hes5: forward, 5'-ACCGCATCAACAGCAGCA
TT-3', reverse, 5'-AGGCTTTGCTGTGCTTCAGGT-3'; Hey1: forward, 5'-AACTGTTGGTG
GCCTGAATC-3', reverse, 5'-GCGGTAAATGCAGGCGTAT-3'; and GAPDH: forward, 
5'-AAATCCCATCACCATCTTCC-3', reverse, 5'-TCACACCCATGACGAACA-3'.

Protein expression of N1ICD and Snail/ E-cadherin using western blot

The HepG2, SMMC-7721, MHCC97H, and normal non-tumor HL-7702 cell lines 
were collected, washed with PBS twice, and 400 mL cell lysis buffer and 40 µL PMSF were 
added. The culture flasks were shaken gently, put on ice for 10 minutes, repeatedly aspired 
with a sterile syringe, and incubated on ice for another 30 min. Following this, the samples 
were centrifuged at 12,000 g for 15 minutes, the supernatant decanted into another tube, and 
20 mL protein sample buffer was added for every 100 mL of sample. The mixture was boiled 
for 5 min, mixed, and stored at -80°C for further use. The above samples were run on 12% 
SDS-PAGE to separate proteins and transferred to a PVDF membrane. The primary antibody 
was added (1:1000 dilution) and incubated overnight at 4°C. After washing, the secondary 
antibody was added (BA1026; 1:1000 dilution) and incubated for 1 h. After washing, the blot 
was visualized using chemiluminescence reagent for chromogenic developing and fixing. The 
protein expression of N1ICD and Snail/E-cadherin was then measured.

Detection of cell invasion and migration

Using Transwell plates coated with Matrigel, all cells were collected from each group, 
resuspended in serum-free DMEM culture medium, starved for 24 h, and then the cell density 
was adjusted to 1 x 105/mL. The upper chambers were inoculated with 200 mL cell suspension 
and 600 mL DMEM culture medium containing 20% fetal bovine serum was added on 24-well 
plates, then the Transwell chamber was inserted into the plates and incubated conventionally 
for 24 h. The Transwell chamber was removed, gently washed with 0.01 M PBS, and the 
interior adherent cells were removed using cotton swabs. The remaining cells were then fixed 
in 95% ethanol and stained with crystal violet. The cells were observed under an inverted 
microscope and 5 randomly selected views were observed (200X) to examine the number of 
invaded cells. The mean value was calculated from the experiment repeated in triplicate for all 
four groups. The same method was performed for migration analysis.

Statistical analysis

Each experiment was repeated three times and compared using the one-way ANOVA 
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Bonferroni test in SPSS13.0 (Chicago, IL, USA) to do pairwise comparison in multiple 
samples. P < 0.05 was taken to mean significant difference.

RESULTS

Invasive migration capabilities of different hepatoma cell lines and the normal 
non-tumor cell line

In this study, we selected different hepatoma cell lines (HepG2, SMMC-7721, 
MHCC97H) and one non-tumor cell line (HL-702). Use Transwell chambers, we assessed 
the invasive migration capabilities of the above cell lines. The results show that the invasive 
migration capability of hepatoma cell lines was significantly higher than that of normal non-
tumor liver cells (Figure 1). In addition, the hepatoma cell lines exhibited differences in 
migration capability, with HepG2 exhibiting the lowest migration and MHCC97H having the 
highest (Figure 1).

Effect of IL-17 monoclonal antibody Secukinumab combined with IL-35 on cell 
invasive migration capabilities of hepatoma cell lines

We used Transwell chambers coated with Matrigel to assess invasive migration 
capabilities of different cell lines and compare them with the non-treated group. The combined 
treatment of IL-17 antibody and IL-35 can effectively inhibit invasive cell migration in HepG2, 
SMMC-7721 and MHCC97H cells (Tables 1 and 2).

Detecting the expression of Hes1, Hes5 and Hey1 by quantitative PCR

Using quantitative PCR, we detected the classic downstream genes of the Notch 
signaling pathway, namely Hes1, Hes5 and Hey1 (Figure 2). Compared with the HL-7702 

Figure 1. Invasive migration capabilities of different hepatoma cell lines. **P < 0.01 vs HL-7702 group; *P < 0.05 
vs HL-7702 group; #P < 0.05 vs HepG2 group.
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cells, the amount of Hes1, Hes5 and Hey1 in hepatoma cell lines was significantly increased, 
and their expression increased along with the hepatoma cell invasive migration capabilities. 
In the low invasive migration cells (HepG2), the expression of Hes1, Hes5 and Hey1 are 
the lowest; while in the high invasive migration cells (MHCC97H), the expression of Hes1, 
Hes5, Hey1 and N1ICD are the highest. Therefore, the relationship is positively proportional. 
The results suggest that the Notch signaling pathway is activated in hepatoma cells, and that 
activation is correlated with invasive migration capabilities, indirectly showing that the Notch 
signaling pathway is involved in the invasion and migration process of hepatoma cells.

Table 2. Effects of IL-17 monoclonal antibody Secukinumab combined with IL-35 gene on the cell migration 
capabilities of HepG2 and SMMC-7721, and MHCC97H.

Migrated cells 
Group HepG2 MHCC97H SMMC-772 
A 301.23 ± 19.23 421.99 ± 14.11 398.87 ± 19.23 
B 212.56 ± 17.02 298.11 ± 11.91 203.12 ± 12.35* 
C 132.87 ± 12.98*# 202.12 ± 7.73*# 122.77 ± 10.32*# 
D 56.02 ± 7.23**##& 43.23 ± 2.82**##& 54.90 ± 7.92**##& 

 **P < 0.01 vs A group, *P < 0.05 vs A group, ##P < 0.01 vs B group, #P < 0.05 vs B group, &&P < 0.01 vs C group, 
&P < 0.05 vs C group. A, non-medicated comparison group; B, IL-35 gene medicated group; C, 4 μg/mL IL-
17 monoclonal antibody Secukinumab medicated group; D, 4 μg/mL IL-17 monoclonal antibody Secukinumab 
combined with IL-35 gene mediated group.

Figure 2. Expressions of Hes1, Hes5 and Hey1 using PCR method. **P < 0.01 vs HL-7702 group; *P < 0.05 vs 
HL-7702 group; ##P < 0.01 vs HepG2 group; #P < 0.05 vs HepG2 group; &P < 0.05 vs SMMC-7721 group; &&P < 
0.01 vs C group.

Table 1. Effect of IL-17 monoclonal antibody Secukinumab combined with IL-35 gene on cell invasion 
capabilities of HepG2, SMMC-7721, and MHCC97H.

Invaded cells 
Group HepG2 MHCC97H SMMC-772 
A 278.12 ± 15.83 521.02 ± 20.06 412.93 ± 14.49 
B 167.34 ± 12.09* 324.35 ± 12.00* 268.03 ± 13.83* 
C 112.67 ± 9.09** 187.62 ± 12.83**# 178.22 ± 5.92**# 
D 45.93 ± 3.22**##&& 34.81 ± 2.09**##&& 32.91 ± 6.99**##& 

 **P < 0.01 vs A group, *P < 0.05 vs A group, ##P < 0.01 vs B group, #P < 0.05 vs B group, &&P < 0.01 vs C group, 
&P < 0.05 vs C group. A, non-medicated comparison group; B, IL-35 gene medicated group; C, 4 mg/mL IL-
17 monoclonal antibody Secukinumab medicated group; D, 4 mg/mL IL-17 monoclonal antibody Secukinumab 
combined with IL-35 gene mediated group.
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Effects of IL-17 monoclonal antibody Secukinumab combined with IL-35 on the 
protein expression of Hes1 Hes5, and Hey1

Again we used quantitative PCR to detect the downstream genes of the Notch 
signaling pathway (Hes1, Hes5, and Hey1). Compared with the non-treated group, treatment 
with IL-17 monoclonal antibody Secukinumab combined with IL-35 can effectively inhibit 
the expression of Hes1, Hes5, and Hey1 (Figure 3).

Figure 3. Effects of IL-17 monoclonal antibody Secukinumab combined with IL-35 gene on the protein expressions 
of Hes1 Hes5, and Hey1. A. Non-medicated comparison group, **P < 0.01 vs A group, *P < 0.05 vs A group, ##P < 
0.01 vs B group, #P < 0.05 vs B group, &P < 0.01 vs C group, &&P < 0.05 vs C group; B. IL-35 gene medicated group; 
C, 4 mg/mL IL-17 monoclonal antibody Secukinumab medicated group, **P < 0.01 vs A group, *P < 0.05 vs A 
group, ##P < 0.01 vs B group, #P < 0.05 vs B group, &&P < 0.05 vs C group; C. 4 mg/mL IL-17 monoclonal antibody 
Secukinumab combined with IL-35 gene mediated group **P < 0.01 vs A group *P < 0.05 vs A group, ##P < 0.01 vs 
B group, #P < 0.05 vs B group, &P < 0.01 vs C group, &&P < 0.05 vs C group.
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Detection of the expression of N1ICD in the hepatoma and normal cell lines using 
western blot

The expression of the protein N1ICD was measured by western blot. Compared 
with the HL-7022 cell line, the expression of N1ICD in hepatoma cell lines was significantly 
increased and positively correlated with the hepatoma cell invasive migration capabilities. In 
the low invasive migration cell line HepG2, the expression of N1ICD was the lowest. In the 
highest invasive migration cell line MHCC97H, the expression of N1ICD was the highest 
(Figure 4).

Figure 4. Expressions of protein N1ICD in the HL-7702, HepG2 and SMMC-7721, MHCC97H Cells using WB. 
**P < 0.01 vs HL-7702 group, *P < 0.05 vs HL-7702 group, #P < 0.05 vs HepG2 group.

Detection of expression of N1ICD after treatment with IL-17 monoclonal antibody 
Secukinumab combined with IL-35 using western blot

Using western blot, we measured the expression of N1ICD and used the non-treated 
group as the control. IL-17 monoclonal antibody Secukinumab combined with IL-35 can 
effectively inhibit the expression of N1ICD (Figure 5).

Detection of the expression of Snail and E-cadherin in hepatoma cell lines by 
western blot

The expression of Snail and E-cadherin in hepatoma cell lines was measured by 
western blot. Compared with the HL-7022 cell line, the expression of Snail in hepatoma 
cell lines was significantly increased and positively correlated with the invasive migration 
capabilities of hepatoma cells (Figure 6). However, the expression of E-cadherin protein 
was substantially lower and negatively correlated with the invasive migration capabilities 
of hepatoma cells.
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Figure 5. Expression of N1ICD after medicated by IL-17 monoclonal antibody Secukinumab combined with 
IL-35 gene using Western Blot method. A, non-medicated comparison group; B, IL-35 gene medicated group; 
C, 4 mg/mL IL-17 monoclonal antibody Secukinumab medicated group; D, 4 mg/mL IL-17 monoclonal antibody 
Secukinumab combined with IL-35 gene mediated group. **P < 0.01 vs A group, *P < 0.05 vs A group, ##P < 0.01 
vs B group, #P < 0.05 vs B group, &P < 0.05 vs C group.

Figure 6. Expressions of Snail and E-cadherin in different cells. **P < 0.01 vs HL-7702 group, *P < 0.05 vs HL-
7702 group, ##P < 0.01 vs HepG2 group, #P < 0.05 vs HepG2 group, &P < 0.05 vs SMMC-7721 group; &&P < 0.01 
vs C group.
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Detection of the expression of Snail and E-cadherin after treatment with IL-17 
monoclonal antibody Secukinumab combined with IL-35 by western blot

Following treatment with the IL-17 monoclonal antibody Secukinumab combined 
with IL-35, the Snail and E-cadherin protein expression in the hepatoma cell lines HepG2, 
SMMC-7721, and MHCC97H was detected by western blot. Compared with the non-treated 
group, the combined treatment substantially decreased the expression of Snail in HepG2, 
SMMC-7721, and MHCC97H cell lines (Figure 7). However, the expression of E-cadherin 
was increased after treatment.

Figure 7. Expression of Snail and E-cadherin after the medication of the IL-17 monoclonal antibody Secukinumab 
combined with the IL-35 gene. **P < 0.01 vs A group, *P < 0.05 vs A group, ##P < 0.01 vs B group, #P < 0.05 vs B 
group, &P < 0.05 vs C group; &&P < 0.01 vs C group. A, non-medicated comparison group; B, IL-35 gene medicated 
group; C, 4 mg/mL IL-17 monoclonal antibody Secukinumab medicated group; D, 4 mg/mL IL-17 monoclonal 
antibody Secukinumab combined with IL-35 gene mediated group.
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DISCUSSION

Liver cancer is a highly lethal malignant tumor, especially in China where there is a high 
incidence of hepatitis. Along with the development of more advanced medical technologies, there 
are more treatment methods for hepatoma. However, due to the relatively common metastasis 
of hepatoma, the overall prognosis is not very good. Presently, the treatment of hepatoma is 
partly focused on the metastasis process, which includes both invasion and migration processes 
(Yoshitani et al., 2001; Thamilselvan et al., 2011). Therefore, it would be imperative to the 
treatment of liver cancer if we understand the mechanisms of invasion and migration.

Currently, the IL-17 monoclonal antibody Secukinumab is employed as the 
gene antibody of most targeted therapies. Secukinumab is a new highly specific human 
immunoglobulin G (IgG) monoclonal antibody, which can bind and neutralize human IL-17 
and block the IL-17 pathway. Currently, Secukinumab is mainly used for the treatment of 
rheumatoid arthritis, ankylosing spondylitis, and plaque psoriasis (Hueber et al., 2010; Papp, 
2011). However, there are rare reports on its use in the treatment of cancer.

The Notch signaling pathway is traditional with a conservative structure. As research 
progresses, we find that the Notch signaling pathway is involved not only in the development 
of individual organisms, but also in the genesis and development of tumors. Therefore, 
understanding the mechanism of Notch in the invasive migration process is conducive to both 
the study of its physiological role and its new perspective role in hepatoma treatment (Qi 
et al., 2003; Cantarini et al., 2006; Huang et al., 2007; Gao et al., 2008). In this study, we 
found that the Notch signaling pathway is activated in hepatoma cells and increases with 
the enhancement of invasive migration capabilities, which means that Notch is involved in 
the process of hepatoma cell invasive migration. Our experiments show that IL-17 antibody 
combined with IL-35 can effectively inhibit the Notch signaling pathway, and the inhibitory 
effect increased substantially with an increasing dose of combined treatment. We employed 
different concentrations of IL-17 antibody combined with IL-35 to block the Notch signaling 
pathway, and found that the expression of Hes1, Hes5, Hey1 and N1ICD are high in hepatoma 
cell lines and positively correlated with hepatoma cell invasive migration capabilities. This 
explains the fact that the Notch signaling pathway is activated in hepatoma cell lines and 
increases with cell invasive migration capabilities. Therefore, blocking the Notch signaling 
pathway can inhibit the invasive migration capabilities of hepatoma cells.

The metastasis of tumor cells cannot be ignored and reduction of the adhesion between 
cells plays a significant role (Soler et al., 1997). In the metastasis of hepatoma cells, the 
change of cell adhesion is closely related with the expression of surface adhesion molecules. 
Of all these adhesion molecules, cadherin, particularly E-cadherin, is a major player. It is 
a calcium-dependent transmembrane glycoprotein that is mainly involved in intercellular 
adhesion (Inayoshi et al., 2003). As an important cell adhesion molecule, its expression is 
negatively correlated with the genesis and development of tumors. As an upstream molecule 
of E-cadherin, Snail is capable of inhibiting the expression of the E-cadherin gene (Chen et al., 
2007). However, in our study of the tumor invasive migration process, Snail and E-cadherin are 
seen as both being involved. The low expression of E-cadherin in hepatoma cells is the cause 
of the drop in adhesion, in which the hepatoma cells easily detach from the primary lesion 
and extra-hepatic metastasis occurs (Wei et al., 2002). This means the decline in E-cadherin 
protein expression is an indicator of this detachment process. In this study, the treatment of IL-
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17 antibody combined with IL-35 can block the Notch signaling pathway, and the expression 
of Snail decreases as the expression of E-cadherin increases. As the treatment dose increased, 
the Snail expression further declines and E-cadherin expression further increases, leading to 
a decrease in the invasive migration capabilities of hepatoma cells. In this mechanism, the 
Notch signaling pathway regulates metastasis through the Snail/E-cadherin pathway.

The IL-17 monoclonal antibody Secukinumab combined with IL-35 can block the 
Notch signaling pathway through the Snail/E-cadherin pathway, which can influence the 
invasive migration capabilities of hepatoma cell lines.
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