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Abstract. Ovarian cancer (OC) is the commonest cause of gynaecological cancer-associated death because 
of the wide metastasis and frequent recidivation. JTC-801 is a new synthetic compound with the function of 
reversing pain and anxiety symptoms as a selective opioid receptor-like1 receptor (belonging to the G-pro-
tein-coupled receptor) antagonist. We investigated the role and possible mechanisms of JTC-801 in the cell 
growth and metastasis of OC. It was observed that JTC-801 inhibited the proliferation, invasion and migration 
of cancer in SKOV3 cells. The apoptosis rate of SKOV3 cells treated with JTC-801 was significantly increased 
(P<0.05), and the expression results of relevant apoptosis proteins (BCL2, BAX, Active Caspase-3) indicated 
the JTC-801 could induce the apoptosis of SKOV3. Further, the expression levels of phosphorylated AKT, phos-
phorylated mTOR, P70 and CyclinD1 in the PI3K/AKT signaling pathway were obviously reduced in the JTC-801 
treated SKOV3 group. This suggests that JTC-801 exerts its anticancer effect through the PI3K/AKT signaling 
pathway. Our data also highlights the possibility of using JTC-801 as a novel therapeutic drug for OC treatment 
mean while it plays the analgesic effect.

1. Introduction
Ovarian cancer (OC), accounting for an estimated 200,000 new 
cases and 150,000 deaths worldwide annually, is the seventh most 
common cancer and the eighth cause of death from cancer in 
women (Ferlay et al. 2015; Bruggmann et al. 2017). The 5-year 
relative survival rate is only 29% (Reid et al. 2017), for the disease 
is apt to widely metastatic and frequently recrudescent (Jayson et 
al. 2014). Furthermore, the surgical treatment for OC has to be 
replaced by radiotherapy and chemotherapy on account that it is 
usually definite diagnosed at late stage. However, the side-effect 
and intolerance limit the application of radiotherapy and chemo-
therapy for OC. Therefore, it is highly important for us to find new 
drugs that suppress proliferation and migration of OC cells.
The G-protein-coupled receptor (GPCR) is the largest family of 
cell surface receptors involved in signal transduction (Schonenbach 
et al. 2015). These proteins share a common seven-transmembrane 
(7TM) topology and mediate cellular responses to a variety of 
extracellular signals ranging from photons and small molecules to 
peptides and proteins (Katritch et al. 2013). GPCRs were reported 
to have a pivotal role in many physiological functions and in 
multiple diseases, including the development of cancer and cancer 
metastasis (Lappano and Maggiolini 2011; O’Hayre et al. 2013), 
for example, GPCRs control the immune cell-mediated functions, 
proliferation, invasion and survival in the process of tumorigenesis 
(Bar-Shavit et al. 2016). In addition, overwhelming evidence have 
implicated GPCRs, G proteins and their downstream signaling 
targets in cancer initiation and progression, where they can influ-
ence aberrant cell growth and survival, largely through activation 
of AKT/mTOR, MAPKs, and Hippo signaling pathways (O’Hayre 
et al. 2014). Therefore, the novel GPCR targets may provide prom-
ising opportunities for drug discovery in cancer prevention and 
treatment (Lappano and Maggiolini 2011). JTC-801, high affinity, 
is a selective opioid receptor-like1 (ORL1) receptor antagonist, 
binding to ORL1 receptor with a Ki value of 8.2 nM. The ORL1 
receptor, also called nociception/orphanin FQ (N/OFQ) peptide 

(NOP) receptor, belongs to the family of G protein-coupled opioid 
receptors (covering mu, kappa and delta). JTC-801 is reported to 
reverse single-prolonged stress-induced anxiety- and pain-like 
behaviors, and NOP receptor system up-regulation (Zhang et al. 
2015b). It also could block cannabinoid-evoked hypothermia 
in rats (Rawls et al. 2007). Several retrospective studies have 
suggested that opioid use might promote tumor progression and 
as a result negatively impact survival in patients with advanced 
cancer (Afsharimani et al. 2011; Lennnon et al. 2012; Lennon et 
al. 2014), whether JTC-801 has effects on OC hasn’t been reported 
yet.
In this present study we elucidated the inhibition effect of JTC-801 
on OC cell SKOV3 proliferation and metastasis, and investigated 
the underling mechanisms of it. We expected that this study could 
provide a theoretical basis for the effective use of JTC-801 and the 
treatment of OC.

2. Investigations and results

2.1. JTC-801 inhibited the proliferation of OC cell 
SKOV3
To explore whether JTC-801 affects OC cell SKOV3 proliferation, 
we performed CCK-8 assay. The results showed that OD values 
of SKOV3 cells treated with JTC-801 was decreased compared to 
NC, especially, the OD values of viable SKOV3 cells at 48 h and 
72 h in JTC-801 group were significantly reduced than NC group 
(Figure. 1, P < 0.05).

2.2. JTC-801 inhibited OC cell SKOV3 invasion and 
migration
To determine the effect of JTC-801 on OC cell invasion and metas-
tasis, Transwell assay was carried out. In JTC-801 group, the inva-
sive and migratory cell counts were 28±2 and 37±5 respectively. 
In NC group, the invasive and migratory cell counts were 50±4 and 
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91±8 respectively (Figure. 2A-B). It suggests that JTC-801 treat-
ment could inhibit the invasion and migration of SKOV3 (P<0.05).

2.3. JTC-801 promoted the apoptosis of SKOV3
Then we investigated the effects of JTC-801 on the apoptosis of 
SKOV3 cells by flow cytometry and western blot assay. After the 
apoptosis induction of cells with serum-free, compared with the 
NC group, SKOV3 cell apoptosis rate in the JTC-801 group was 
significantly increased (23.77%>5.69%, Figure. 3A, P<0.05). The 
western-blot assay results showed that the expression of anti-apop-
totic protein B-cell lymphoma 2 (BCL2) was obviously decreased 
(P<0.05), and the expression of pro-apoptotic proteins Bcl-as-
sociated X (BAX), Active Caspase3 was significantly increased 
(P<0.05, Figure. 3B-C). These results suggested that JTC-801 
could promote the apoptosis of SKOV3.

2.4. JTC-801 inhibited the activation of phosphatidylinosi-
tol 3 kinase (PI3K)/serine-threonine kinase (AKT) signal 
pathway in OC cell SKOV3
PI3K/AKT signal pathway, which is often aberrantly activated in 
human cancers, including OC, is one of the most classical pro-sur-
vival pathways (Ciruelos Gil 2014; Fumarola et al. 2014; Danielsen 
et al. 2015; Mabuchi et al. 2015). The key proteins called AKT 
and mechanistic target of rapamycin (mTOR) in the pathway play 
an important role in the process of tumor cell proliferation and 

transfer (Edlind and Hsieh 2014). Therefore, we next examined 
whether the effect of JTC-801 on OC cell SKOV3 was correlated 
with PI3K/AKT signal pathway. The levels of AKT phosphoryla-
tion at Ser473 in SKOV3 were detected by WB method. The WB 
results showed that the levels of AKT and mTOR phosphorylation 
were significantly inhibited in JTC-801- treated SKOV3 cells, 
as compared to the NC group (P<0.05). The downstream protein 
70-kDa ribosomal protein kinase I (P70) and CyclinD1 of the 
PI3K/AKT signaling pathway were obviously reduced in JTC-801 
group than that in NC group (P<0.05) (Figure 4). These results 
indicated that JTC-801 inhibited the activation of PI3K/AKT 
signal pathway in OC cell SKOV3.

3. Discussion
The transfer and diffusion of OC cells are crucial biological char-
acteristics of malignant tumor, which are also the main causes 
of death in patients with OC. In this study, we investigated the 
effect of JTC-801 on the proliferation, invasion, metastasis, and 
apoptosis in OC cells SKOV3. The results of CCK-8 assay showed 
that JTC-801 could significantly inhibit the cell proliferation with 
less OD values of viable SKOV3 cells, as compared to the normal 
control group. The Transwell assay verified that the JTC-801 
could markedly inhibit the migration and invasion of SKOV3 
cells (P<0.05). The WB and flow cytometry assays suggested 
that JTC-801 could promote the apoptosis of SKOV3 through 
decreasing the expression of anti-apoptotic protein BCL2 and 

Fig. 1: Proliferation change of SKOV3 cells 
treated with JTC-801. * P < 0.05 
significantly different compared to 
negative control group. Data were 
expressed as the mean±SD.

Fig. 2: The effect of JTC-801 on invasion and metastasis abilities in SKOV3 cells. A: Images of SKOV3 stained with 0.1% crystal violet were acquired at 200 magnification under 
an inverted microscope. B: Statistical significance was analyzed according to the number of invaded and metastasized cells. * P < 0.05 significantly different compared to 
negative control group. Data were expressed as the mean ± SD.
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increasing the expression of pro-apoptotic proteins BAX, Active 
Caspase3. These findings suggested that JTC-801 may function 
as a tumor suppressor in SKOV3 cells. Furthermore, the possible 
function mechanism of JTC-801 on OC was explored by detecting 
the relevant proteins expression levels in the signal pathways based 
on the WB assays. As a result, the levels of phosphorylated AKT 
and mTOR, the downstream protein P70 and CyclinD1 of the 
PI3K/AKT signaling pathway were obviously reduced, indicating 
that JTC-801 inhibited the activation of PI3K/AKT signal pathway 
in OC cell SKOV3.
JTC-801 is a new synthetic selective ORL1 receptor antagonist. 
The ORL1 receptor belongs to the family of GPCRs which are 
involved in many pathophysiological processes including path-
ways. In the previous studies, JTC-801 was reported to reverse 
single-prolonged stress-induced mechanical allodynia, thermal 
hyperalgesia, anxiety-like behaviour and hypocortisolism in rats 

not only by intravenous injection but also oral administration. It 
also reversed NOP receptor protein and mRNA up-regulation in 
amygdala and periaqueductal grey (Yamada et al. 2002; Zhang 
et al. 2015b). JTC-801 was used to examine the involvement of 
endogenous N/OFQ in pathophysiological conditions, and the 
result was that increases in nitric oxide (NO) synthase (NOS) 
activity and NO production in neuropathic mice were blocked 
by pretreatment of oral JTC-801, which suggested that N/OFQ 
is involved in the maintenance of neuropathic pain and that the 
analgesic effect of JTC-801 on neuropathic pain is mediated by 
inhibition of NO production by neuronal NOS (Mabuchi et al. 
2003). Besides, Koyama et al examined the JTC-801 on N(2)
O-induced analgesia in 129Sv mice by the writhing test and tail 
flick test, and demonstrated that the analgesic effect of N(2)O 
was suppressed by the intraperitoneal administration of JTC-801 
(Koyama and Fukuda 2009). In addition, Rawls et al firstly verified 

Fig. 3: Effect of JTC-801 on apoptosis 
of SKOV3 human ovarian cancer 
cells. A: Apoptosis was detected 
using flow cytometry. FITC, fluo-
rescein isothiocyanate; PI, propidi-
um iodide. B: Expression levels of 
proteins (BCL2, BAX and Active 
Caspase3) involved in the apoptot-
ic pathway in the different SKOV3 
groups, as detected by western blot-
ting. Lane 1, protein expression in 
the SKOV3 normal control group; 
Lane 2, protein expression in the 
SKOV3 JTC-801-treated group. 
C: Statistical significance was an-
alyzed according to the expression 
levels of proteins. * P < 0.05 sig-
nificantly different compared to 
negative control group. Data were 
expressed as the mean ± SD. 

Fig. 4: JTC-801 inhibited the expression of PI3K/AKT signal pathway-related proteins in SKOV3. A: Expression levels of proteins in PI3K/AKT signal pathway in the different 
SKOV3 groups, as detected by western blotting. Lane 1, protein expression in the SKOV3 normal control group; Lane 2, protein expression in the SKOV3 JTC-801-treated 
group. B: Statistical significance was analyzed according to the expression levels of proteins. * P < 0.05 significantly different compared to negative control group. Data 
were expressed as the mean ± SD.
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that JTC-801 could block cannabinoid-evoked hypothermia in rats 
(Rawls et al. 2007). In our present study, for the first time, we 
found the JTC-801 exerted suppressive effect on the tumorigenesis 
and development of OC. The proliferation, invasion and migration 
of OC cells SKOV3 were significantly inhibited by JTC-801, and 
the apoptotic SKOV3 cells were obviously increased in JTC-801-
treated group, than that in NC group. Thus, it was certainly 
excellent for JTC-801 to be used to remit the pain caused by the 
tumor and to treat the tumor at the same time, which indicted that 
JTC-801 may be widely applied in clinical practice in the future.
The genesis, development and maintenance of pain usually comes 
from the interconnected network systems consisting of a variety of 
factors, and so the radical way to solve the clinical problem is to 
explore the pathogenesis of the molecular biology about pain. Cell 
signaling pathway is an important way that the cells participate 
in the biological process, including receiving and transmission of 
the information inside and outside environment, making a reply 
after the integration of complex signaling network, regulating the 
expression of related genes, and affecting cell proliferation, differ-
entiation, migration, and apoptosis. The existing researches have 
showed that the PI3K/AKT signal pathway may be an important 
way in the network of pain. PI3Kγ/AKT has been reported to 
mediate the function of ephrinBs/EphBs in the central sensitization 
under bone cancer pain (BCP) condition, and inhibition of spinal 
PI3Kγ suppressed BCP-associated behaviors (Jin et al. 2015). 
Moreover, Xu et al have found that inhibition of spinal PI3K 
signaling pathway prevented pain behaviors (dose-dependent) and 
spinal Fos protein expression caused by plantar incision (Xu et 
al. 2014). Therefore, JTC-801 reduced pain sensation through the 
inhibition of PI3K/Akt pathway. PI3K/AKT signaling pathway, as 
one of the important signal transduction pathways in cells, plays a 
key role on cell proliferation and migration through affecting the 
activation state of a variety of downstream responsive molecules, 
and is closely related to the genesis and development of many 
human tumors. For example, inhibition of PI3K/AKT signaling by 
knockdown of Hexokinase-2 has been found to suppress aerobic 
glycolysis, increase cell apoptosis and reduce ability of colony 
formation (Zhuo et al. 2015). Liu et al have recently shown that 
blocking the PI3K/AKT signaling in human hepatocellular carci-
noma cells largely abolished the inhibitory effect of Glutaminase 
2 (a direct target gene of tumor suppressor p53) on the anchor-
age-independent cell growth and xenograft tumor growth (Liu et 
al. 2014). Further, signalling from the PI3K/AKT pathway has 
been found to activate numerous survival, growth, metabolic and 
metastatic functions characteristic of aggressive cancer (Toren and 
Zoubeidi 2014). Therefore, to excavate the possible mechanism 
behind these effects of JTC-801 on OC, we detected the relevant 
proteins in the PI3K/AKT pathway. As a result, we found that the 
levels of phosphorylated AKT and mTOR, the downstream protein 
P70 and CyclinD1 were obviously reduced in the SKOV3 group 
treated with JTC-801. Furthermore, we also found JTC-801 could 
promote SKOV3 cells apoptosis, and promoting apoptosis was the 
main way to exert effect for anti-tumor drugs, even more important, 
studies have reported that the occurrence of apoptosis was also 
related to the inhibition of PI3K/Akt pathway (Shrivastava et al. 
2015; Zhang et al. 2015a). Therefore, PI3K/AKT pathway inhibi-
tion have the potential to significantly improve the future care of 
cancer patients in the current era of personalized cancer medicine 
(Polivka and Janku 2014), and this point out a new direction for 
OC treatment and OC pain remission.
In conclusion, our study demonstrates that JTC-801 leads to 
subdued OC cell SKOV3 growth and invasion through inhibiting 
the PI3K/AKT pathway. Therefore, JTC-801 may be a promising 
compound against malignant progression of OC. Of course, our 
work has some limitations, and it would be better for JTC-801 to 
be found the similar antagonistic effects on growth and metastasis 
of OC in vivo experimental systems.

4. Experimental

4.1. Cell culture
The JTC-801were provided from MCE Company (NJ, USA). OC cells (SKOV3) 
were purchased from the Cell Bank of the Chinese Academy of Sciences (Shanghai, 

China). RPMI-1640 culture medium (Gibco Invitrogen Corporation) supplemented 
with 10% FBS, 0.1 mg/mL of streptomycin, and 100 U/mL of penicillin were used 
to culture the cells in 5 % CO

2
 cell incubator at 37 °C and changed the fluid every 48 

h and then transfected the cells when the cell fusion was up to 70-80 %. The SKOV3 
cells were subjected to growth arrest for 24 h before different treatments were added 
to the indicated groups described below. The groups were JTC-801group (with 20 
μM JTC-801) and negative control (NC, with the same volume of DMSO diluted by 
1:1000).

4.2. Western Blot (WB)
The methodology has been described in previous report (Wu et al. 2016). In brief, 
the cells which grew well in the two groups were split by using pre-cooling cell lysis 
solution and extracted total protein. Bicinchoninic acid (BCA) protein assay was 
used to test protein concentration. The samples containing 20 μg of protein were 
electrophoresed on polyacrylamide SDS gels and then transferred to polyvinylidene 
diFuoride (PVDF) membranes. The membranes were blocked for 1 h, with 5% 
skimmed milk powder. Tris-buffered saline containing 0.2-0.4 % Tween-20 (TBST) 
was used to wash it every 5 min and added coating antibody and incubated the cells 
at 4 °C overnight. After washing (3 × 5 min TBST) the membrane, HRP labeled 
anti-rabbit IgG detection antibody (1:5000, PTG, Shanghai, China) was added and 
incubated the cells for 1 h at room temperature and washed (3×10 min TBST) the 
membrane. Equivalent amount of detection reagents 1 and 2 of an ECL Western 
Blotting Analysis System was added and mixed and put onto the membrane for 1 min. 
The extra fluid was removed from the edge, and plastic wrap was used to cover it and 
the images were exposed, developed, and fixed. Western blot result image was fed 
into the computer, and QUANTITY ONE Biomedicine Image Analysis System was 
used to test integrated grey level of stripes. Tubulin (1:5000, PTG, Shanghai, China) 
was taken as internal reference for correction, and semi-quantitative ratio of optical 
density (OD) of stripes to OD of Tubulin protein was used for indication.

4.3. CCK-8 cell proliferation assay
The Cell Counting Kit-8 (CCK-8; Sollebao, Beijing) cell proliferation assay was 
conducted following the manufacturer’s instructions (Xing et al. 2014). SKOV3 
cells were plated at a density of 3-5 × 103 cells/well in a 96-well plate for 24 h. The 
medium was removed, and cells were treated with either DMSO as a control or 20 
μM JTC801 in a total volume of 100 μl. The cells were regularly incubated in 5 % 
CO

2
 cell incubator, and the cell vitality were tested every 24 h. Before testing, CCK-8 

solution (10 μl) was added to each well and the cultures were incubated at 37°C for 90 
min. Absorbance at 450 nm was measured using an immune reader to obtain growth 
curve of OC cells.

4.4. In vitro invasion and migration assays
The cell invasion assay was performed according to the manufacturer’s instructions 
(Ahn et al. 2015). The chamber of a non-type I -coated 24-well culture insert (Milli-
pore, Billerica, MA, USA) was used. Each well was coated with fresh Matrigel 
(BD Biosciences, 100ul; diluted at 1:6 with the serum) before the invasion assay. 
Briefly, 10,000 cells incubated for 24 h in NC and JTC-801groups were plated on 
the Matrigel coated membrane in the top chamber (24-well insert; pore size, 8mm; 
Corning Costar). After a 24-h incubation period at 37°C, the non-invading cells were 
mechanically removed with a cotton swab, and then the filters were individually fixed 
with 4 % paraformaldehyde. Cells that had crossed through the Matrigel assay were 
stained with 0.1% crystal violet. The cell numbers were counted in five random fields 
of each chamber under the microscope. The procedure of cell migration assay was 
similar to the invasion assay. The only difference was that the Transwell did not need 
to be coated with Matrigel, and the number of cells plated were 5000.

4.5. Flow cytometry (Meusch et al. 2013; Wu et al. 2016)
Pancreatin/EDTA (0.05 %) was used to digest the cells of two groups, and PBS was 
used to wash the cells twice and 75 % ethanol was used to fix them (-20 °C). Four 
hours later, 400 μL of binding buffer was used to resuspend cells and 5 μL of Annex-
inV-FITC (4A Biotech Co., Ltd, Beijing, China) was added and blended for reaction 
at room temperature for 5 min. 10 μL 20 μg/mL of PI dye liquor was added for incu-
bation away from light at 4 °C for 30 min, and flow cytometry (GUAVA Technologies, 
Inc., Billerica, MA, USA) was used to test for analysis. A total of 10,000 fluorescence 
signals of each sample were collected, and the results were analyzed using FlowJo 
software (Tree Star, Inc, Ashland,OR, USA).

4.6. Statistical analysis
The results were dealt with statistics process by Statistical Product and Service 
Solutions (SPSS, Chicago, IL, USA). The data were expressed as (mean ± standard 
deviation). We implemented student’s t TEST to compare the differences between 
groups, in addition, P < 0.05 was considered to be statistically significant difference.
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