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Tumor invasion and metastasis are a process of the 
malignant cells involving many steps such as migrating 
from the primary tumor sites to the extracellular 
matrix (ECM), degrading and passing through the 
ECM and base membrane, and moving through 
the blood vessels into the host microenvironment. 
The ECM‑degrading enzyme system, such as 
matrix metalloproteinases (MMPs) family and 
integrin‑matrix metalloproteinase family (a disintegrin 
and metalloproteases [ADAMs]), contributes to the 
invasion and metastasis process.[4,5] ADAM17, a member 
of the ADAMs, is the first “sheddase” identified in 
1997, also known as tumor necrosis factor‑α‑converting 
enzyme.[6,7] Due to its ability to process tumor necrosis 

INTRODUCTION

Hepatocellular carcinoma (HCC) is a very common 
type of malignancy. Due to its high degree of 
malignancy and the difficulties in early clinical 
diagnosis, it is a serious threat to human health. At 
present, it is mainly occurred in Africa and South 
Asia and also increased year‑by‑year in many Western 
countries.[1‑3] The metastasis of liver cancer is a major 
cause of clinical treatment failure and contributes 
to the high mortality rate of the disease. Therefore, 
to restrain and control the cancer metastasis is the 
major strategy of the prevention and treatment of 
liver cancer.

Background: The aim of this study was to test the effect of TNF484 on cell proliferation, migration, and invasion of hepatocellular 
carcinoma (HCC) cells. Materials and Methods: Various doses (0, 1, 10, 50, and 100 nM) of TNF484 were applied to the HepG2 
and Bel7402  cells, and cell proliferation was measured by using 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5 diphenyl tetrazolium bromide 
assay after 72 h. Cell migration rate was measured using the xCELLigence system, and the cell invasion ability was examined by the 
three‑dimensional spheroid BME cell invasion assay. The expression level of ADAM17 was also measured with RT‑PCR. Results: With 
the treatment of TNF484, the cell proliferation of HepG2 and Bel7402 cells was inhibited in a dose‑dependent manner. Moreover, 
under TNF484 treatment, the cell migration rate as well as cell invasion ability of the HepG2 and Bel7402 cells were suppressed. 
Conclusion: TNF484 could inhibit the cell proliferation, migration, and invasion of some HCC cell lines, making it a potential 
therapeutic option for liver cancer treatment.
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factor alpha (TNFα) for release from the cell membrane 
as well as its enzymatic hydrolysis of multiple ligands 
to activate the epidermal growth factor receptor (EGFR) 
signaling pathway, ADAMl7 is closely related to cancer 
invasion.[8‑13] Abundant studies have shown that ADAM17 
is overexpressed in various tumors, and facilitates the 
process of tumor invasion and metastasis.[12‑15] Therefore, 
ADAM17 may be potential targets for the treatment of 
a variety of cancers.[13‑19] ADAM17 inhibitors are now 
under fast development, and some of them are proven 
to be potentially effective for the treatment of several 
cancers such as lung cancer, breast cancer, head‑and‑neck 
squamous cell carcinoma, and lymphoma.[17] However, 
few study has investigated the role of ADAM17 inhibition 
in HCC.

It has been reported that ADAM17 accelerated tumor cell 
proliferation of HCC cell lines through the regulation of the 
angiotensin II and EGFR signaling.[20] The mRNA expression 
level of ADAM17 in HCC tissues was found significantly 
higher than that in paired normal liver tissues.[21] Notably, 
ADAMA17 expression was much higher in HCC subtype 
with lower differentiation and higher malignancy. It suggests 
that the increased mRNA expression level of ADAM17 
may play an important role in the HCC development.[21] 
ADAM17 expression level was also found to be elevated in 
hypoxia‑treated HCC cells, and it mediated hypoxia‑induced 
drug resistance in HCC through activating the EGFR/PI3K/
Akt pathway.[22] A recent study found that ADAM17 may 
function in maintaining the metastatic capabilities of liver 
cancer stem cells.[23] Overexpression of miR‑145, which targets 
ADAM17, suppresses cell invasion of HCC cells.[24] Thus, 
ADAM17‑targeting therapeutics may provide a potential 
option in liver cancer treatment. In this study, we will detect 
the effect of TNF484, an ADAM17 inhibitor, on the cell 
proliferation, migration, and invasion ability of HCC cells.

MATERIALS AND METHODS

Cell and cell culture
The human hepatoma cell line HepG2 cells and Bel7402 cells 
(Shanghai Institute of life sciences, Shanghai, PRC) are 
cultured in DMEM medium (GIBCO, USA), with 10% of fetal 
bovine serum (GIBCO, USA), 2 mM glutamine, 100U/ml of 
penicillin, and 100 ug/ml streptomycin (Invitrogen) at 37°C 
in the incubator with 5% CO2 and 70%–75% humidity. The 
medium was changed every 72 h.

Cell viability assays
A number of 1 × 104 HepG2 and Bel7402 cells were 
suspended into each well in 96‑well plates, various doses of 
inhibitor were added (99% purity; Sigma Aldrich, St. Louis, 
MO, USA) and incubated for 72 h at 37°C incubator, with 
normal cultured cells as a negative control. After incubation, 

the medium was replaced with fresh medium containing 
20 ul of 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5 diphenyl tetrazolium 
bromide (MTT) (5 mg/ml; Sigma Aldrich) and incubated for 
another 4 h. The 96‑well plate was centrifuged at 1200 g for 
10 min at 4°C. The supernatant was carefully removed, and 
50 ul of dimethyl sulfoxide was added into the 96‑well plate, 
followed by incubation in the orbital shaker for 10 min. MTT 
was measured by using enzyme‑linked immunosorbent 
assay apparatus under 490‑nm absorbance, and formulas 
were used to calculate effects on cell proliferation. 
Inhibition (inhibition ratio) = (1 − average OD value of test 
group/average OD value of control group) × 100%.

ADAM17 expression analysis by quantitative reverse 
transcription polymerase chain reaction
Cells (1 × 105) were seeded in six‑well plates and allowed 
overnight. Then, the cells were cultured for 72 h in 
the presence of 1 uM of TNF484, with no TNF484 as a 
control. The total RNA was extracted as described in 
TRIzol Reagent Kit, and then reverse transcripted into 
cDNA, which was used as a template for ADAM17 and 
glyceraldehyde‑3‑phosphate dehydrogenase (GAPDH) 
gene amplification. The primers for ADAM17 and GAPDH 
amplification are summarized in Table 1. RT‑PCR reaction 
conditions as follows: initial denaturation at 95°C for 
5 min, followed by 40 cycles of denaturation at 94°C for 20 
s, annealing at 60°C for 20 s, and extension at 72°C for 40 s.

Migration assays
The migration capacity of HCC cells was examined using 
the xCELLigence system (ACEA Biosciences Inc.). Cells 
were suspended with DMEM medium containing 2% 
serum, and 200 ul of cell suspension (2 × 104) was added 
into the upper chamber of CIM‑16 plate. 10 nm of TNF484 
was also added in the upper chamber, with none TNF484 
as a negative control. Then, 10% serum‑containing DMEM 
medium was added into the lower chamber. The migration 
rate was assessed by measuring electrical impedance 
along the gold coated underside of the membrane which 
separated the two chambers. A greater level of electrical 
impedance was determined as an amplified migratory 
rate as analyzed on the real‑time cell analyzer over a 72‑h 
period (ACEA Biosciences Inc.).

Invasion assay
Three‑dimensional (3D) spheroid BME cell invasion 
assay (Trevigen) was used to determine the inhibition of the 

Table 1: Primer sequences
Gene name Sequence
ADAM17 Forward 5’GGTGGTAGCAGATCATCGCTT3’

Reverse 5’GTGGAGACTTGAGAATGCGAA3’
GAPDH Forward 5’CCCCTTCATTGACCTCAACT3’

Reverse 5’ATGAGTCCTTCCACGATACC3’
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invasive ability by TNF484 in HCC cells. The preparation of 
spheroid and the invasive matrix was in accordance with 
the manufacturer’s instructions. Cells were suspended with 
DMEM and spheroid matrix, and 5 × 102 cells were added 
into each well of 3D spheroid culture plate. The plate was 
centrifuged at 200 g for 3 min at 4°C and incubated at 37°C for 
72 h to let the spheroid form. Then, invasive matrix was added 
into the plate, followed by centrifugation at 300 g for 5 min 
at 4°C. The plate was put into 37°C incubator for 1 h to allow 
invasive matrix gel formation. 1 uM of TNF484 was added 
in the well, and the images of the spheroid were recorded 
every 24 h. Images were analyzed with ImageJ software 
(NIH, Bethesda, MD, USA). The degree of invasiveness was 
measured as the total area of the spheroid’s reach.

Statistical analysis
Data are presented as the mean ± standard deviation. 
Data were analyzed using SPSS 18.0 software (SPSS, Inc., 
Chicago, IL, USA) and GraphPad Prism software (GraphPad 
Software, Inc., La Jolla, CA, USA). Three repeats (n = 3) were 
set for each group in every assay. Student’s t‑test (two‑tailed) 
and one‑way analysis were used for statistical analysis of 
the studies. Data were shown as the mean ± SD. Significant 
differences between the groups were indicated by * for 
P < 0.05, ** for P < 0.01, and *** for P < 0.001, respectively.

RESULTS

TNF484 inhibited cell viability of hepatocellular 
carcinoma cell lines
To evaluate the effect of ADAM17 inhibitors on liver cancer 
cells, we use the MTT assay to determine the cytotoxicity 
of TNF484 in various HCC cell lines (HepG2 and Bel7402). 
TNF484 showed the significant inhibitory effect on the 
proliferation of the HCC cells when the concentration reached 
10 nM (P < 0.001), and the proliferation rate was 35.88% ± 5.3% 
and 34.62% ± 8.5% compared to the untreated control for 
HepG2 and Bel7402 cells, respectively [Figure 1]. With the 

increasing concentration of inhibitors, the inhibition rate was 
also increased. The results showed that the inhibition of the 
proliferation of liver cancer cells was dose dependent.

TNF484 inhibited cell migration of hepatocellular 
carcinoma cell lines
Cell migration is an important characteristic of liver 
cancer cells. We use the xCELLigence real‑time migration 
system to examine if TNF484 can reduce the migration of 
hepatocarcinoma cells. After 72 h’ treatment, cell migration 
rate for the TNF484‑treated HepG2 cells was 64.00% ± 3.53% 
and control HepG2 cells was 88.33% ± 6.11% [Figure 2], 
showing that TNF484 significantly inhibited the migration of 
HepG2 cells (P < 0.001). We have also tested the cell migration 
with Bel7402 cells and found that after 72‑h treatment, cell 
migration rate was 72.00% ± 3.00% for the TNF484‑treated 
group and 93.67% ± 4.04% for the control group [Figure 2]. 
Similar to the HepG2 cells, TNF484 showed significant 
inhibition on the migration of Bel7402 cells (P < 0.01).

TNF484 inhibited expression of ADAM17 in hepatocellular 
carcinoma cell lines
ADAM17 is expressed in tumor cells and secreted into the 
extracellular environment to mediate degradation of ECM, 
making tumor cells more migratable to the surrounding 
tissues. We have found that TNF484 inhibited the migration of 
hepatocarcinoma cells; then, we also examined the expression 
of ADAM17 in different liver cancer cells with TNF484 
treatment. The results showed that under the treatment of 
1 uM TNF484, the mRNA expression level of ADAM17 was 
61.66% ± 3.98% and 58.10% ± 3.27% related to the untreated 
control for the HepG2 and Bel7402 cells, respectively. It 
suggested that TNF484 treatment reduced the expression of 
ADAM17 in hepatocarcinoma cells (P < 0.05) [Figure 3].

TNF484 inhibited cell invasion of hepatocellular 
carcinoma cell lines
The hepatocarcinoma cells have a strong ability of invasion 

Figure 1: TNF484 inhibits cell viability of two liver cancer cell lines HepG2 and Bel7402. The cells were seeded into 96‑well plates in triplicate for overnight incubation, 
followed by treatment with various concentration of TNF484 for 72 h to assess their effect on cell viability. Data are expressed as percentage viability compared to 
untreated control cells ± standard deviation (***P < 0.001)
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and metastasis; therefore, it is particularly important to 
find a component that could inhibit the invasion ability 
of HCC cells. We used 3D invasion assay to determine the 
inhibitory effect of TNF484 on liver cancer cell invasion. In 
the control group, cells were cultured for 15 days without 
TNF484, and the cell balls were significantly bigger than that 
at day 1, with the relative cell invasion rate 5.17 ± 0.35 and 
2.20 ± 0.30 for the HepG2 and Bel7402 cells, respectively. 
It suggested that the two hepatocarcinoma cell lines have 
strong invasion ability. While in the group treated with 
TNF484, cell invasion rate was 2.23 ± 0.35 and 1.53 ± 0.15 
for the HepG2 and Bel7402 cells, respectively. It suggested 
that TNF484 inhibited the cell invasion ability of the two 
HCC cells [Figure 4].

DISCUSSION

Cancer metastasis is a primary feature of malignant 
tumors, which is also the most important step for cancer 
development. The massive metastasis in the late stage 
of liver cancer is the main reason for its high mortality 
rates. Hence, finding a drug that can inhibit the growth, 
invasion, and metastasis of HCC is the key for effective 
liver cancer treatment. Some natural compounds have 

been demonstrated to be able to inhibit the growth of HCC 
cells.[25] However, more lead molecules are still in urgent 
need to drive the drug development for liver cancer. In this 
study, we found that TNF484, an ADAM17 inhibitor, could 
inhibit HCC cell proliferation, migration, and invasion.

ADAM17 is known to process single transmembrane 
proteins such as cytokines, growth factors, receptors, 
chemokines, and adhesion molecules. To date, it has over 80 
substrates, and most of them are implicated in physiological 
and pathological processes including inflammation, tumor 
growth, and tumor metastasis.[26] While ADAM17 has a wide 
variety of substrates, it is only activated on pathological 
stimuli, making it an attractive target for intervention 
of diseases including inflammation and cancers.[17] The 
development of various ADAM17 inhibitors has seen 
great progress in recent years.[17,18] While antibodies and 
prodomains of ADAM17 show high selectivity to ADAM17, 
small molecules are still the most important agents targeting 
ADAM17, and some of them were tested in clinical trials. 
INCB7839, a dual inhibitor of ADAM17 and ADAM10, is 
now under clinical trial in combination with rituximab 
for the treatment of diffuse large B‑cell non‑Hodgkin 
lymphoma.[17] INCB7839 was also demonstrated to inhibit 
the shedding of HER2, and INCB7839 in combination with 
trastuzumab increased the response rate in HER2‑positive 
metastatic breast cancer patients.[27,28] INCB3619, another 
potent inhibitor of ADAM17 and ADAM10, was found 
to decrease tumor growth in non‑small lung cancer and 
breast cancer models.[29] Some other compounds with higher 
selectivity for ADAM17 inhibition have been developed and 
are currently being advanced into preclinical studies.[30,31]

TNF484 is a novel water‑soluble small molecule 
inhibitor of ADAM17, which also targets several 
MMPs (MMP‑1, ‑2, ‑3, ‑9, and ‑13).[32,33] The water solubility 
of TNF484 largely increases the possibility of practical use 
in potential therapeutic treatment. This compound has been 
reported with inhibitory activity for TNF‑α release from 
cells at low nanomolar concentrations in vitro.[32,33] To date, 
the reported activity of TNF484 in vivo has been focused 
on inflammation. Trifilieff et al. have demonstrated that 

Figure 2: TNF484 inhibits cell migration of two liver cancer cell lines HepG2 and Bel7402. The cells were seeded into CIM‑16 xCELLigence plates and treated 
with 10 nM of TNF484 in triplicate. Cell migration was assessed over 72 h, measuring the relative mean impedance (cell index) for control‑treated (red line) and 
TNF484‑treated cells (blue line). Data shown are mean relative percentage migration from duplicate wells ± standard deviation ( ** P < 0.01, ***P < 0.001)

Figure 3: Relative expression level of ADAM17 mRNAs in HepG2 and Bel7402 cells. 
Expression of ADAM17 mRNAs was normalized to glyceraldehyde‑3‑phosphate 
dehydrogenase. The expression of ADAM17 mRNAs in the control group was 
arbitrarily defined as 1 (*P < 0.05)
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TNF484 has activity in lung inflammation.[33] Meli et al. had 
investigated the effects of TNF484 in a neonatal rat model 
of pneumococcal meningitis and found that at 1 mg/kg 
q6 h TNF484 reduced soluble TNF‑α and the collagen 
degradation product hydroxyproline in the cerebrospinal 
fluid and that TNF484 attenuated the incidence of seizures 
and injury of the cerebral cortex.[34] It was also reported 
by another group that adjuvant TNF484 treatment with 
antibiotic significantly improves the outcome of TLR2−/− mice 
with experimental pneumococcal meningitis.[35] The effect 
of TNF484 on ADAM17 inhibition has also been studied 
in renal fibrosis. ADAM17 was found to be upregulated in 
renal fibrosis, where it mediated heparin‑binding epidermal 
growth factor (HB‑EGF) shedding. Inhibition of ADAM17 
with TNF484 resulted in a dose‑dependent reduction 
of HB‑EGF shedding in vitro and significantly reduced 
the number of glomerular and interstitial macrophages 
in vivo.[36] These studies have suggested TNF484 as a 
promising way of intervention in inflammation‑related 
diseases.

Despite the massive implication of ADAM17 in tumor 
growth and tumor metastasis, there has not been any 
report regarding the effect of TNF484 on cancer cells yet. 
In this study, we investigated the effects of TNF484 on cell 
proliferation, migration, and invasion of HCC cells for the first 
time. We found that TNF484 inhibited HCC cell growth in a 
concentration‑dependent manner. The TNF484 inhibition of 
ADAM17 activity may attenuate the shedding of growth factors 
and other signaling molecules, thus lead to the suppressed 
cell proliferation. This is consistent with previous studies 
that TNF484 was potent inhibitors of TNF‑α release from 
human peripheral blood mononuclear cell when stimulated 
with lipopolysaccharide (LPS) and interferon gamma and 
that it reduced soluble TNF‑α in the bronchoalveolar lavage 
of LPS challenged mice and cerebrospinal fluid of rat model 
of pneumococcal meningitis.[33,34] We also found that TNF484 

inhibited the cell migration and invasion of the HepG2 and 
Bel7402 cells. This may due to that TNF484 inhibits the 
ADAM17 hydrolysis activity of ECM containing collagen and 
gelatin, and the less degraded ECM thus restrains the mobility 
and invasiveness of the HCC cells. This is consistent with the 
previous study that TNF484 reduced the collagen degradation 
product hydroxyproline in the cerebrospinal fluid.[34]

CONCLUSION

This study supports that TNF484, as an inhibitor of 
ADAM17, could inhibit proliferation, migration, and 
invasion of HCC cells. Further studies are needed to verify 
the potential of TNF484 as an HCC therapeutic option.
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