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Abstract. The increased worldwide mortality rate due to 
liver cancer may be attributed to the aggressive nature of 
the disease. Signal transduction through G‑protein‑coupled 
receptors (GPCRs) can affect a number of aspects of cancer 
biology, including invasion, migration and vascular remodel-
ling. JTC‑801, a novel GPCR antagonist, has demonstrated 
promising anticancer effects in adenocarcinoma and osteosar-
coma cells. In the present study, the effect of JTC‑801 on the 
proliferation and migration of hepatoblastoma Hep G2 cells 
was investigated. The Cell Counting Kit‑8 assay revealed that 
JTC‑801 markedly suppressed the growth of the Hep G2 cells. 
Additionally, JTC‑801 significantly inhibited cell invasion and 
migration in a Transwell assay. Furthermore, the expression 
of anti‑apoptotic protein B‑cell lymphoma 2 decreased and 
the expression of the pro‑apoptotic proteins active caspase‑3 
and apoptosis regulator BAX increased in the Hep G2 
cells following JTC‑801 treatment. Additionally, JTC‑801 
suppressed the phosphatidylinositol 3‑kinase (PI3K)/protein 
kinase B (AKT) signalling pathway in the Hep G2  cells. 
Therefore, the present study revealed that JTC‑801 can induce 

the apoptosis of Hep G2 cells by regulating the PI3K/AKT 
signalling pathway, which suggests that JTC‑801 may be a 
potential novel drug target for clinical liver cancer treatment.

Introduction

The increased global mortality rate due to liver cancer may 
be attributed to the aggressive nature of the disease (1). Liver 
cancer accounts for >1 million newly diagnosed cases annu-
ally, making it a global health care problem with increasing 
incidence  (2). The incidence of liver cancer is markedly 
high in developing countries and is steadily rising in devel-
oped countries  (3). Although there is a continuous rise in 
the 5‑year survival rates for liver and intrahepatic bile duct 
cancer, the numbers of new cases and estimated mortalities 
are increasing (4,5). Liver cancer is often not detectable until 
late in disease progression (6), and chemotherapy remains 
the primary treatment for numerous patients with cancer of 
advanced stage. However, chemotherapy has side effects, 
particularly in normal tissues with potent proliferative 
activity (7), and this therapy does not always lead to a better 
prognosis. Therefore, finding novel therapeutic entities against 
longer cancer cell survival and growth is required.

JTC‑801 [N‑(4‑amino‑2‑methylquinolin‑6‑yl)‑2‑(4‑ 
ethylphenoxymethyl)benzamide monohydrochloride] 
is a high‑affinity and selective opioid receptor‑like 1 
(ORL1) receptor antagonist, which belongs to the family 
of G‑protein‑coupled receptors (GPCRs)  (8). Studies have 
demonstrated that signal transduction through GPCRs can 
affect numerous aspects of cancer biology, including invasion, 
migration and vascular remodelling (9,10). Furthermore, ORL1 
may antagonize lipopolysaccharide‑stimulated proliferation, 
migration and inflammatory signalling in human glioblas-
toma U87 cells  (11). In a screening of agents that interact 
with GPCR pathways, Song et al (12) revealed that JTC‑801 
induces pH‑dependent cell death (alkaliptosis) specifically 
in cancer cells, including pancreatic ductal adenocarcinoma 
cells, by reducing the expression of carbohydrate antigen 9, 
which is increased in human cancer tissues. JTC‑801 may be 
used in the development of treatment for pancreatic cancer. 
Zheng et al (13) described the antitumour effects of JTC‑801 
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on human osteosarcoma cells. Therefore, JTC‑801 may be 
used for the treatment of other cancer types, including liver 
cancer.

In the present study, the effect of JTC‑801 on the Hep G2 hepa-
toblastoma cell line was investigated. First, the Cell Counting 
Kit‑8 (CCK‑8) assay was used to detect the proliferation of Hep 
G2 cells treated with JTC‑801. As cancer is characterized by 
increased migratory/invasive capacity, the migratory and inva-
sive abilities of Hep G2 cells following JTC‑801 treatment were 
investigated. Furthermore, the expression of apoptotic proteins 
was assayed in the Hep G2 cells following JTC‑801 treatment. 
Additionally, the phosphatidylinositol 3‑kinase (PI3K)/protein 
kinase B (AKT) signalling pathway may have a function in 
inducing the apoptosis of Hep G2 cells.

Materials and methods

Cell lines and cell culture. The human Hep G2 cell line was 
purchased from the Shanghai Cell Bank (Shanghai Institute 
for Biological Science, Chinese Academy of Science, 
Shanghai, China). Cells were cultured in RPMI‑1640 medium 
(GE Healthcare Lifesciences, Logan, UT, USA) supplemented 
with 10% fetal bovine serum (FBS; Gibco; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA), 100 U/ml penicillin and 
0.1 mg/ml streptomycin (both Sigma‑Aldrich; Merck KGaA, 
Darmstadt, Germany) at 37˚C in an incubator with 5% CO2. 
When the cells entered the logarithmic growth phase they 
were washed 3  times with PBS and digested with 0.25% 
trypsin/EDTA (Beijing Solarbio Science & Technology Co., 
Ltd., Beijing, China). Cells were resuspended in RPMI‑1640 
medium containing 10% FBS to form a single‑cell suspension. 
The cells were seeded in a 6‑well plate for subsequent experi-
ments. When the cell density reached ~80%, the cells were 
treated with 20 µM JTC‑801 (MedChem Express, Monmouth 
Junction, NJ, USA), whereas the negative control group was 
treated with 0.1% dimethylsulfoxide (DMSO) (Amresco, LLC, 
Solon, OH, USA), for 24 h at room temperature.

Western blot analysis. Following the treatment of the cells 
with DMSO and JTC‑801 for 24 h, protein was extracted 
with radioimmunoprecipitation assay lysis buffer with the 
protease inhibitor phenylmethylsulfonyl fluoride (CWBio, 
Beijing, China). The concentration was determined using the 
BCA method (CWBio). The protein was heated at 95˚C for 
5 min. Overall, ~20 µg protein per group was added to each 
well in the vertical electrophoresis tank, separated by 10% 
SDS‑PAGE and transferred onto a polyvinylidene fluoride 
membrane. The membrane was blocked with 5% non‑fat milk 
in Tris‑buffered saline containing 0.1% Tween‑20 (TBST; 
Beijing Solarbio Science & Technology Co., Ltd.) for 1 h at 
room temperature and incubated with primary antibodies at 
4˚C overnight. On the second day, the membrane was washed 
3  times in TBST for 5 min and incubated with secondary 
antibodies at room temperature for 1 h. An enhanced chemi-
luminescence chromogenic substrate (ProteinTech Group, 
Inc., Chicago, IL, USA) was added to visualize the bands, 
following the washing of the membrane. The grey value was 
scanned by Quantity One software (version 4.6.9; Bio‑Rad 
Laboratories, Inc., Hercules, CA, USA). β‑tubulin served as 
the internal control. The relative expression of each protein 

was calculated against that of β‑tubulin. Western blotting was 
performed with the following antibodies: Rabbit anti‑human 
AKT (cat.  no.  4691; 1:1,000 dilution), rabbit anti‑human 
p‑AKT (cat. no. 4060; 1:1,000 dilution), rabbit anti‑human 
mechanistic target of rapamycin (mTOR; cat.  no.  2983; 
1:1,000 dilution), rabbit anti‑human p‑mTOR (cat. no. 2971; 
1:1,000 dilution) (all Cell Signaling Technology, Inc., Danvers, 
MA, USA), rabbit anti‑human B‑cell lymphoma 2 (Bcl‑2; 
cat.  no.  12789‑1‑AP; 1:1,000 dilution), rabbit anti‑human 
apoptosis regulator BAX (Bax; cat.  no.  50599‑2‑Ig; 
1:1,000 dilution), rabbit anti‑human active caspase‑3 
(cat. no. 19677‑1‑AP; 1:1,000 dilution), rabbit anti‑human cyclin 
D1 (cat. no. 60186‑1‑Ig; 1:1,000 dilution), rabbit anti‑human 
p70S6 kinase (p70S6K; cat. no. 14485‑1‑AP; 1:1,000 dilution), 
rabbit anti‑human tubulin (cat. no. 10068‑1‑AP; 1:5,000 dilu-
tion) and the secondary horseradish peroxidase‑labelled goat 
anti‑rabbit/goat anti‑mouse antibody (cat. no. 10545‑2‑AP; 
1:5,000 dilution) (all ProteinTech Group, Inc.).

Cell Counting Kit‑8 (CCK‑8) proliferation test. Hep G2 cells 
from the conventional culture were digested with 0.25% 
trypsin‑EDTA solution for 2 min at room temperature and 
counted in preparation of the cell suspension. Subsequently, 
100 µl of the cell suspension was seeded onto a 96‑well plate 
with 1,000 cells per well and 0.1% DMSO was added to the 
negative control group, while 0.02, 0.2, 2, 20 or 200  µM 
JTC‑801 was added to the experimental groups. The cells were 
cultured in a 5% CO2 incubator at room temperature to detect 
cell viability once every 24 h. Prior to detection, 10 µl CCK‑8 
solution (CWBio) was added to each well and incubated at 
37˚C for 1.5 h. The optical density (OD) was measured with a 
microplate reader at 450 nm and the growth curve was plotted.

Cell invasion and migration assessed by Transwell assay. 
Matrigel (BD Biosciences, Franklin Lakes, NJ, USA) was 
dissolved overnight (serum‑free RPMI‑1640 medium, 1:6 dilu-
tion) and 100 µl was added to the upper chamber of the 24‑well 
Transwell insert (Merck KGaA). Once the Matrigel was evenly 
distributed, it was placed into a CO2 incubator and cultivated 
for 4‑6 h at 37˚C until gel formation. Subsequent to the culture 
medium drying, 500 µl serum‑free medium was added to the 
bottom of the wells to hydrate the basement membrane for 
30 min. The cell suspension, treated with JTC‑801 for 24 h at 
room temperature, was prepared using serum‑free RPMI‑1640 
medium. A total of 100 µl cell suspension (1x105 cells) was 
loaded into the upper chamber and 500 µl complete culture 
medium including 10% FBS was added to the bottom of the 
Transwell insert for incubation overnight at room temperature. 
The following day, the Transwell insert was removed and cells 
remaining on the upper chamber were removed with a cotton 
swab. Following the washing of the chamber with PBS, the 
cells that adhered to the membrane were fixed in 4% para-
formaldehyde for 30 min, stained with 0.1% crystal violet 
for 20 min, both at room temperature, and washed with PBS. 
Finally, 5 visual fields were selected randomly using a BX51 
inverted microscope (Olympus Corporation, Tokyo, Japan) at 
x100 magnification, and images were captured for cell counts.

The migration assay procedure was similar to that of the 
invasion assay except that Matrigel was not placed in the 
Transwell chamber and 5x103 cells were used.
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Cell apoptosis assay. The Hep G2 cells were treated with 
JTC‑801 for 24 h, as aforementioned, and the medium was 

removed and replaced with 500  µl serum‑free medium. 
Following starvation for 24  h, the cells were harvested, 

Figure 1. JTC‑801 inhibits Hep G2 cell proliferation in the CCK‑8 assay. The results indicate that JTC‑801 inhibited Hep G2 proliferation in a dose‑ and 
time‑dependent manner. The relative cell proliferation is plotted following different doses of JTC‑801 treatment for 24, 48 and 72 h. *P<0.05 compared with 
the NC group. OD, optical density; NC, negative control.

Figure 2. JTC‑801 inhibits Hep G2 cell invasion and migration. (A) Representative images of crystal violet‑stained invasive and migratory Hep G2 cells. 
Images were captured using an inverted microscope at x100 magnification. Quantification of (B) invasion and (C) migration. *P<0.05 compared with the NC 
group. NC, negative control.
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digested with trypsin without EDTA, collected in a centrifuge 
tube, centrifuged at 200 x g for 5 min at room temperature, 
resuspended in pre‑cooled PBS at 4˚C and centrifuged again 
as aforementioned, and then the supernatant was carefully 
aspirated. A total of 200 µl Annexin V‑FITC binding solution 
(contained within the kit) was added to resuspend the cells 
and the cell density was adjusted to 1‑5x106 cells/ml. Overall, 
~100 µl cell suspension was transferred into a 5‑ml flow tube 
following staining with 5 µl Annexin V‑fluorescein isothio-
cyanate (FITC) (FXP018‑100; 4A Biotech Co., Ltd., Beijing, 
China) for 5 min at room temperature and kept in the dark. 
The cells were stained with 10 µl propidium iodide (PI) in 
400 µl PBS for 10 min at room temperature and kept in the 
dark, prior to collection and detection using flow cytometry. 
The results were analysed with FlowJo software (version 7.6.5; 
Tree Star, Inc., Ashland, OR, USA).

Statistical analysis. The experimental data were analysed 
by SPSS statistical analysis software (version  18.0; SPSS 
Inc., Chicago, IL, USA). The results were expressed as the 
mean  ±  standard deviation. The comparison of 2 groups 
was performed using the Student's t‑test and >2 groups were 
compared using one‑way analysis of variance. Multiple 
comparisons between the groups were performed using a 
Student‑Newman‑Keuls test. P<0.05 was considered to indi-
cate a statistically significant difference.

Results

JTC‑801 inhibits Hep G2 cell proliferation. To evaluate the 
effect of JTC‑801 on liver cancer, the Hep G2 cell line was 
selected and treated with various doses of JTC‑801 (0.02, 0.2, 
2, 20 and 200 µM) for 24, 48 and 72 h to detect cell viability. As 
presented in Fig. 1, higher concentrations of JTC‑801 (≥20 µM) 
led to a statistically significant decrease in the proliferation of 
the Hep G2 cells compared with the control (P<0.05). In the 
following experiment, 20 µM JTC‑801 was used. Furthermore, 
the OD value decreased significantly (P<0.05; Fig. 1) at 72 h. 
This suggests that JTC‑801 may effectively inhibit liver cancer 
Hep G2 cell proliferation.

JTC‑801 inhibits Hep G2 cell invasion and migration. The 
effects of JTC‑801 on the invasion and migration ability of 
the Hep G2 cells were investigated using a Transwell assay 
(Fig. 2A). In the invasion experiment, the number of crystal 
violet‑stained cells was decreased following the JTC‑801 
treatment. Similarly, in the migration experiment, cell migra-
tion was also decreased. These results suggest that JTC‑801 
may inhibit the metastasis of Hep G2 cells. There were fewer 
invaded cells in the JTC‑801‑treated group than in the control 
group (92±2 vs. 131±4 cells, respectively), indicating a nega-
tive effect of JTC‑801 on the invasion ability of the Hep G2 
cells (P<0.05; Fig. 2B). The capacity for migration was also 

Figure 3. JTC‑801 induces Hep G2 cell apoptosis. Hep G2 cells were treated with JTC‑801 for 24 h and labelled with Annexin V‑FITC and PI, followed by 
(A) flow cytometric analysis and (B) quantification. (C) Western blot analysis of proteins from Hep G2 cells treated with JTC‑801 for 24 h. The band intensities 
were quantified. The results were normalized to the tubulin loading control. (D) Relative levels of apoptosis‑related proteins. *P<0.05 compared with the NC 
group. NC, negative control; PI, propidium iodide; FITC, fluorescein isothiocyanate; Bcl‑2, B‑cell lymphoma 2; Bax, apoptosis regulator BAX.
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inhibited in the JTC‑801‑treated cells as compared with that in 
the negative control group (117±3 vs. 153±5 cells, respectively), 
and the results were significantly different (P<0.05; Fig. 2C).

JTC‑801 promotes Hep G2 cell apoptosis. The impact of 
JTC‑801 on Hep G2 cell apoptosis was determined by an 
Annexin V‑FITC and PI double‑staining assay. The apoptosis 
rate in the JTC‑801‑treated group was 14.86%, while the apop-
tosis rate in the control group was 7.05%. The statistical analysis 
suggested that the apoptosis rate in the JTC‑801‑treated group 
was significantly increased compared with that in the control 
group (P<0.05; Fig. 3B). Furthermore, the apoptosis regula-
tors, including anti‑apoptotic protein Bcl‑2, and pro‑apoptotic 
proteins active caspase‑3 and Bax, were analysed by western 
blotting (Fig. 3C). In concordance with the flow cytometry 
analysis, the western blotting revealed that the expression of 
the anti‑apoptotic protein Bcl‑2 was decreased, and the expres-
sion of the pro‑apoptotic proteins active caspase‑3 and Bax 
was increased in the JTC‑801‑treated group compared with 
that in the control group (P<0.05; Fig. 3D). These results indi-
cate that JTC‑801 promotes Hep G2 cell apoptosis.

JTC‑801 suppresses the PI3K/AKT pathway in Hep G2 cells. 
The PI3K/AKT signalling pathway is important in tumour 
progression. Proteins mTOR, p70S6K and cyclin D1 were 
selected as indicators to evaluate the activity of the PI3K/AKT 
signalling pathway following the JTC‑801 treatment. The 
results of the western blotting revealed that the phosphoryla-
tion levels of AKT and mTOR were significantly decreased 
in the JTC‑801‑treated Hep G2 cells, as were the expression 

levels of p70S6K and cyclin D1 (P<0.05; Fig. 4). These results 
suggest that JTC‑801‑induced Hep G2 cell growth inhibition 
functions via the PI3K/AKT pathway.

Discussion

In the present study, the inhibition of hepatoblastoma Hep 
G2 cell proliferation, invasion and migration by the JTC‑801 
antagonist was demonstrated, along with the promotion of cell 
apoptosis. Finally, the effects of JTC‑801 on Hep G2 cells were 
indicated to be associated with the inhibition of PI3K/AKT 
signalling.

JTC‑801 is an opioid analgesic drug used in scientific 
research. However, the antitumour activity of JTC‑801 
is not dependent on its known analgesic function  (14). 
JTC‑801 contributes to this process by inducing a unique 
pH‑dependent form of regulated cell death known as alkalip-
tosis (14,15). In U20S osteosarcoma cells, JTC‑801 inhibited 
cell growth by promoting apoptosis via the PI3K/AKT 
signalling pathway  (13). Furthermore, JTC‑801 demon-
strated its anticancer effect in the ovarian cancer SKOV3 
cell line, particularly on cell growth and metastasis  (16). 
Song et al (12) reported that JTC‑801 may be used for the 
treatment of pancreatic cancer. Similarly, the present study 
revealed the inhibitory effect of the drug on Hep G2 hepa-
toblastoma cells. The anticancer effect of JTC‑801 only 
occurred at a concentration ≥20 µM. The high concentration 
of JTC‑801 (>100 µM) acts on a wide range of receptors, 
including GPCRs, ion channel receptors and nociception 
opioid peptide receptors (17). Therefore, the mechanism by 

Figure 4. Effects of JTC‑801 on the phosphatidylinositol 3‑kinase/AKT signalling pathway in Hep G2 cells. (A) Expression levels of AKT, p‑AKT, mTOR, 
p‑mTOR, p70S6K and cyclin D1 were measured in the Hep G2 cells treated with JTC‑801 using western blot analysis. (B) The relative protein levels of AKT, 
p‑AKT, mTOR, p‑mTOR, p70S6K and cyclin D1 compared with the control group. *P<0.05 compared with the NC group. AKT, protein kinase B; p‑AKT, 
phosphorylated AKT; mTOR, mechanistic target of rapamycin; p‑mTOR, phosphorylated mTOR; P70S6K, P70S6 kinase; NC, negative control.
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which JTC‑801 functions through receptors requires further 
experimental validation.

The results of the western blot analysis indicated that 
JTC‑801 may affect the expression of apoptosis‑related 
proteins in liver cancer. Apoptosis is an important antitumour 
pathway and several antitumour drugs serve an important role 
in cancer by inducing apoptosis (18,19). The activation of apop-
tosis is regulated by multiple signalling pathways, of which 
the PI3K/AKT pathway is one of the most important (20). The 
PI3K/AKT pathway regulates a number of malignant pheno-
types, including anti‑apoptotic, cell growth and proliferation 
phenotypes (21,22). In this pathway, AKT activation inhibits 
cell cycle arrest and angiogenesis, and promotes tumour 
invasion and metastasis via phosphorylation of the protein 
kinase mTOR (23,24). Furthermore, P70S6K, which is closely 
associated with cell proliferation, is located downstream of 
the PI3K/AKT/mTOR pathway (25). Cyclin D1 has also been 
reported to be a direct downstream target of the PI3K/AKT 
signalling pathway (26). The expression of cyclin D1 is increased 
in different types of tumour tissues. The present western blot 
results demonstrated that the phosphorylation levels of AKT 
and mTOR were decreased significantly in JTC‑801‑treated 
Hep G2 cells. Similarly, the expression levels of p70S6K and 
cyclin D1 were reduced following JTC‑801 treatment. These 
results suggest that JTC‑801 may have an antitumour effect via 
the regulation of apoptosis through the PI3K/AKT pathway.

In summary, the present study demonstrated that JTC‑801 
inhibited cell proliferation, invasion and migration, and 
promoted cell apoptosis through the PI3K/AKT signalling 
pathway in hepatoblastoma Hep G2 cells. This study provides 
a basis for further clinical research on JTC‑801 in liver cancer 
treatment.
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