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Abstract. The morbidity and mortality of pancreatic cancer 
have been continuously increasing, causing seven deaths per 
100,000 individuals/year. At present, effective therapies are 
severely lacking, thus, highlighting the importance of devel‑
oping novel therapeutic approaches. The present study aimed 
to investigate the inhibitory roles of the 2,3‑oxidosqualene 
cyclase inhibitor, RO 48‑8071 (RO), on pancreatic ductal 
adenocarcinoma. RO was used to treat the pancreatic cancer 
cell line (PANC‑1) in vitro to examine the effects of RO on 
cell viability, as well as to determine its potential molecular 
mechanism. Moreover, experiments in a xenograft model of 
subcutaneous tumors generated by injecting PANC‑1 cells 
hypodermically into nude mice were performed to observe the 
inhibition of RO on tumor growth. It was found that RO inhib‑
ited PANC‑1 cell viability when treatment was given for 24, 
48 and 72 h. The in vivo study demonstrated that RO markedly 
inhibited subcutaneous tumor growth in nude mice. Further 
studies revealed that RO could induce cell cycle arrest in the 
G1 phase by regulating p27, cyclin B1 and cyclin E expression 
to inhibit PANC‑1 cell viability. Moreover, RO inactivated 

the JNK and ERK MAPK signaling pathway by decreasing 
the phosphorylation levels of JNK and ERK. Collectively, the 
present study demonstrated that RO served anti‑pancreatic 
cancer roles in vitro and in vivo, which may provide new ideas 
and facilitate the development of novel treatment options for 
pancreatic cancer.

Introduction

Pancreatic cancer, of which the most common histological 
subtype is pancreatic ductal adenocarcinoma (PDAC), has 
worldwide incidence and mortality rates of eight cases per 
100,000 person/year and seven deaths per 100,000 person/year, 
respectively (1). By 2017, pancreatic cancer had become the 
third‑leading cause of cancer‑associated mortality in the 
United States. The incidence and mortality of pancreatic cancer 
are continuing to increase, and it will be the second largest 
cause of cancer‑related mortality worldwide by 2030, based on 
predicted data (2). Pancreatic cancer is an aggressive and fatal 
disease, and most patients with pancreatic cancer succumb to 
the disease within 5 years (3). The 5‑year overall survival rate 
is 8%, but in patients with advanced disease, this decreases 
to 3% (4). The causes of the poor prognosis of patients with 
pancreatic cancer include a lack of early symptoms, no clini‑
cally validated screening methods in the early stage and early 
invasion of nearby vessels, amongst other factors (3,5). For 
pancreatic cancer, the only current treatment option is surgery. 
However, only 10‑15% of newly diagnosed patients qualify for 
surgery, as pancreatic cancer is often in the late stage when 
diagnosed (3,5,6).

Currently, therapies for pancreatic cancer are seriously 
lacking. Combination chemotherapies, which have been previ‑
ously used for the treatment of patients with pancreatic cancer, 
such as Folfirinox and gemcitabine/nab‑paclitaxel, have only 
extended the patients' survival by several months and cause 
evident toxic side effects (7,8). In addition, immunotherapy 
has not been shown to be effective against PDAC. It has also 
been revealed that whole‑cell therapeutic vaccines show no 
effect in patients with advanced‑stage pancreatic cancer (9,10). 

Cholesterol biosynthesis inhibitor RO 48‑8071 inhibits 
pancreatic ductal adenocarcinoma cell viability by 

deactivating the JNK and ERK/MAPK signaling pathway
ZHEN DING1,2*,  YANAN GU3*,  DAKE HUANG4*,  HONG ZHOU3,  TINGTING ZHU3,   

XIN LUO3,  SUMEI ZHANG3,  SHENGQUAN ZHANG3  and  YEBEN QIAN1

1Department of General Surgery, The First Affiliated Hospital of Anhui Medical University, 
Hefei, Anhui 230022; 2Department of General Surgery, The Affiliated Chaohu Hospital of Anhui Medical University, 

Chaohu, Anhui 238000; 3Department of Biochemistry and Molecular Biology; 4Comprehensive Laboratory, 
School of Basic Medical Sciences, Anhui Medical University, Hefei, Anhui 230032, P.R. China

Received February 13, 2021;  Accepted July 12, 2021

DOI: 10.3892/mmr.2021.12468

Correspondence to: Professor Shengquan Zhang, Department 
of Biochemistry and Molecular Biology, School of Basic 
Medical Sciences, Anhui Medical University, 81 Meishan Road, 
Hefei, Anhui 230032, P.R. China
E‑mail: zhangshengquan@ahmu.edu.cn

Dr Yeben Qian, Department of General Surgery, The First 
Affiliated Hospital of Anhui Medical University, 218 Jixi Road, 
Hefei, Anhui 230022, P.R. China
E‑mail: qianyeben@hotmail.com

*Contributed equally

Key words: pancreatic ductal adenocarcinoma, proliferation, 
viability, RO 48‑8071



DING et al:  RO 48-8071 INHIBITS PANCREATIC DUCTAL ADENOCARCINOMA CELL PROLIFERATION VIA MAPK PATHWAY2

Therefore, more effective and less toxic drugs are urgently 
required for patients with pancreatic cancer.

An increasing number of studies have revealed that the 
activation of the mevalonate pathway or cholesterol intake 
via low density lipoprotein receptor (LDLR) is associated 
with the development of pancreatic cancer  (10‑12). High 
expression levels of 3‑hydroxy‑3‑methylglutaryl‑coenzyme A 
(HMG‑CoA) reductase and LDLR were observed in a PDAC 
mouse model (10). These findings suggested that cholesterol 
level could influence the development of PDAC. Cholesterol 
is a basic and important functional and structural element of 
cell membranes, and it served a key role in cell differentiation, 
proliferation and apoptosis (2,6,13). In the process of synthe‑
sizing cholesterol from cytoplasmic acetyl‑CoA, HMG‑CoA 
reductase catalyzes the conversion of HMG‑CoA to meval‑
onate, and this is the rate‑limiting step of the pathway (14). 
Moreover, inhibitors of HMG‑CoA reductase can inhibit the 
proliferation of some cancer cells, such as breast cancer cells 
and ovarian cancer cells, by blocking cholesterol biosyn‑
thesis (15‑17).

The conversion of 2, 3‑monoepoxysqualene to lanosterol, 
which is catalyzed by a key enzyme 2, 3‑oxidosqualene 
cyclase (OSC), is a critical step downstream of HMG‑CoA 
reductase in the process of cholesterol biosynthesis  (14). 
OSC has become a feasible new target for inhibiting choles‑
terol biosynthesis (18). RO 48‑8071 (RO) is an inhibitor of 
OSC (19). It has been reported that RO has an inhibitory effect 
on the proliferation of prostate and breast cancer cells (20,21). 
Inhibitors of cholesterol synthesis can regulate apoptosis, 
angiogenesis and metastasis via the ERK and JNK signaling 
pathway in breast and pancreatic cancer (22,23). The present 
study conducted a set of experiments to investigate the effects 
of RO on pancreatic cancer and to determine the possible 
molecular mechanisms.

Materials and methods

Reagents. RO was purchased from MedChemExpress 
(cat. no. HY‑18630A) and dissolved in DMSO with a storage 
concentration of 10 mM. DMEM was purchased from Gibco 
(Thermo Fisher Scientific, Inc.), while FBS was obtained from 
Clark Bioscience. Specific antibodies against β‑actin, p27, 
phosphorylated (p)ERK1/2, ERK1/2, pJNK, JNK, cyclin B1 
and cyclin E were purchased from Santa Cruz Biotechnology, 
Inc. A specific antibody for Ki67 immunohistochemical 
staining was obtained from OriGene Technologies, Inc. 
HRP‑conjugated secondary antibodies were obtained 
from MilliporeSigma, and used for western blotting. 
HRP‑conjugated secondary antibodies and a DAB HRP Color 
Development kit for immunohistochemistry were purchased 
from OriGene Technologies, Inc.

Cell culture. The human pancreatic tumor cell line PANC‑1 
was purchased from the American Type Culture Collection. 
Cells were maintained routinely in complete DMEM (DMEM 
with 10% FBS) with 1% penicillin‑streptomycin in a 5% CO2 
humidified atmosphere at 37˚C.

Animals. A total of 12 male BALB/c nude mice aged 4 weeks 
(weight, 16.86±9.3 g) for the in vivo study were provided by 

Beijing Vital River Laboratory Animal Technology Co., Ltd., 
and reared according to the Animal Research Committee's 
guidelines of Anhui Medical University (Hefei, China). The 
mice were raised in the specific‑pathogen‑free laboratory 
animal room under humane conditions at 22±2˚C with 55±5% 
humidity under a 12‑h light/dark cycle with food and water 
provided ad  libitum. The animal protocols were approved 
by the Committee for Ethics of Animal Experimentation of 
Anhui Medical University (approval no. 20150136).

Cell viability assay. An MTS assay (Promega Corporation) was 
performed to assess cell viability. Following trypsinization, 
~2,000 PANC‑1 cells in the logarithmic growth phase were 
prepared as a unicellular suspension to seed in a 96‑well cell 
culture plate with 100 µl volume in triplicate. Cells were treated 
with RO at different concentrations (1, 3, 10, 30 and 100 µM) 
for 72 h when they reached 60‑70% confluence. Then, the MTS 
reagent was added to the 96‑well cell culture plate (20 µl per 
well), which was followed by incubation at 37˚C for 2 h. The 
absorbance value (A value) at the wavelength of 490 nm was 
measured on a universal microplate reader (ELx800; BioTek 
Instruments, Inc.), with six samples measured in each group. 
Using this method, an appropriate concentration of RO for the 
treatment of PANC‑1 cells was determined and used in the 
subsequent experiments. RO at the selected concentration was 
used to treat PANC‑1 cells as aforementioned for 0, 24, 48 and 
72 h to detect the time‑dependent effects of RO on PANC‑1 
cell viability.

Cell cycle analysis via flow cytometry (FCM). PANC‑1 cells 
at a density of 1x105 cells per well were inoculated into 6‑well 
cell culture plates and cultured in a 5% CO2 humidified atmo‑
sphere at 37˚C. After treatment with RO (24, 48 and 72 h) 
when cells reached 60‑70% confluence, a Cell Cycle Analysis 
kit (Beyotime Institute of Biotechnology) was used to detect 
the cell cycle, according to the manufacturer's instructions. 
Briefly, the cells were collected and counted after trypsin 
digestion. Then, cells were fixed in cold 70% ethanol for 
30 min at 4˚C and stained with PI in the dark for ~20 min after 
washing twice with cold PBS. The cell cycle was then assessed 
via FCM (BD FACSVerse™; BD Biosciences). Data analysis 
was performed using FlowJo software (FlowJo version 10.5.4; 
FlowJo LLC).

Western blotting. PANC‑1 cells were treated with RO for 24, 
48 and 72 h, and were harvested in RIPA lysis buffer (25 mM 
Hepes; 1.5% Triton X‑100; 1% sodium deoxycholate; 0.1%SDS; 
0.5 M NaCl; 5 mM EDTA; 50 mM NaF; 0.1 mM sodium vana‑
date; 1 mM phenylmethylsulphonyl fluoride; 0.1 g/l leupeptin; 
pH 7.8) on ice. Cell lysates were centrifuged at 14,000 x g 
for 30  min at 4˚C to obtain the total soluble protein by 
collecting the supernatant. The concentration of the extracted 
proteins from each group was determined using a BCA assay 
(Beyotime Institute of Biotechnology). Then, 30  µg/lane 
of total protein from each treatment group, which had been 
boiled together with SDS‑PAGE loading buffer, was loaded 
onto 12% SDS‑PAGE gels and subsequently transferred onto 
PVDF membranes after electrophoresis separation. The blots 
were run on separate gels simultaneously by loading the same 
concentrations of the proteins derived from the same sample 
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into each gel. After non‑specific blocking in 5% skimmed 
milk for 2  h at room temperature, the PVDF membranes 
were washed with PBS containing 0.1% Tween‑20 three times 
and incubated at 4˚C overnight with specific primary anti‑
bodies against β‑actin (cat. no. sc‑47778; 1:1,000), cyclin B1 
(cat. no. sc‑245; 1:500), cyclin E (cat. no. sc‑377100; 1:500), 
p27 (cat. no. sc‑56338; 1:500), pERK (cat. no. sc‑81492; 1:500), 
pJNK (cat. no. sc‑6254; 1:500), ERK1/2 (cat. no. sc‑514302; 
1:1,000) and JNK (cat. no. sc‑7345; 1:1,000). Subsequently, 
the membranes were reacted with the corresponding 
HRP‑conjugated secondary antibody (goat anti‑mouse IgG; 
cat. no. AP130P; 1:10,000) diluted in TBS solution for 2 h 
at room temperature. After another washing step to remove 
unbound secondary antibodies, the specific bands were 
developed using ECL reagents (SuperSignal™ West Femto 
kit; Pierce; Thermo Fisher Scientific, Inc.), and images were 
captured using a ChemiScope (Clinx Science Instruments 
Co., Ltd.). The signals of the specific bands were identi‑
fied and detected with the Quantity One analysis software 
(version 4.6.6; Bio‑Rad Laboratories, Inc.). Target bands for 
cyclin B1, cyclin E and p27 were normalized to the refer‑
ence gene β‑actin, and specific pERK and pJNK bands were 
normalized to total ERK1/2 or JNK, respectively.

In vivo experiment. For the in vivo tumorigenic study, 12 male 
BALB/c nude mice were inoculated subcutaneously in the 
right hips with 1x106 PANC‑1 cells suspended in PBS. When 
the tumors reached 0.4‑0.5 cm, the mice were injected with 
50 µl RO at a concentration of 5 mg/kg/day or DMSO at a 
relevant concentration (n=6 for each group) via the vena cava 
caudalis once a day for the first 5 days, then once every other 
day for six more injections  (20). The tumor volumes were 
measured every 3 days at day 0, 3, 6, 9, 12, 15, 18 and 21 of RO 
injection. The tumor size was calculated as ab2/2, where a was 
the longer diameter and b was the smaller diameter of the two 
dimensions. The maximum tumor size obtained in the present 
study was ~250 mm3. At day 24 after RO injection, the mice 
were anesthetized with an intraperitoneal injection of pento‑
barbital (50 mg/kg) and euthanized via cervical dislocation. 
Surgery for subcutaneous tumor dissection was performed to 
obtain the formed xenograft tumors.

H&E and tissue immunohistochemical staining. The excised 
xenograft tumors were immediately fixed in 10% formalin for 
24 h at room temperature, followed by dehydration in a gradient 
series of ethanol and paraffin embedding. Formalin‑fixed 
and paraffin‑embedded tissues were sliced (4‑µm thick) and 
conventionally stained with hematoxylin for 5 min at room 
temperature and eosin for 10 sec at room temperature. The 
H&E‑stained sections were visualized using a light micro‑
scope (magnification, x400) after sealing the slides with 
neutral balsam.

For immunohistochemical staining, the sections(4‑µm 
thick) obtained from the formalin‑fixed and paraffin‑embedded 
tissues were blocked with 3% BSA (Beyotime Institute of 
Biotechnology) diluted in 0.2% Triton X‑100/PBS at room 
temperature for 30 min and stained with a Ki67 specific anti‑
body (cat. no. ZA‑0502; OriGene Technologies, Inc.) overnight 
at 4˚C, followed by incubation with HRP‑conjugated secondary 
antibody (cat. no. PV‑6001) for 2 h at room temperature and 

development with a DAB Horseradish Peroxidase Color 
Development kit (cat. no. ZLI‑9018; OriGene Technologies, 
Inc.). The images of the stained sections were captured using a 
light microscope (magnification, x400; Olympus Corporation).

Statistical analysis. All data were analyzed using SPSS 
version 15.0 software (SPSS, Inc.). All data are presented as the 
mean ± SEM (n=3 for the in vitro assays and n=6 mice/group 
for the in vivo assays). The significant differences between 
groups were determined using one‑way ANOVA followed by 
a Tukey's post hoc test. P<0.05 was considered to indicate a 
statistically significant difference.

Results

RO inhibits the viability of PANC‑1 cells. PANC‑1 cells in 
the 96‑well culture plate were treated with RO at a variety of 
concentrations (1, 3, 10, 30 and 100 µM) for 72 h to determine 
cell viability using a colorimetric MTS assay. It was found 
that RO inhibited PANC‑1 cell viability in a dose‑dependent 
manner (Fig. 1A). RO showed a nearly 40% (P<0.05) inhibi‑
tory ratio at 10 µM, and an 80% inhibitory ratio (P<0.05) at 30 
and 100 µM after treatment for 72 h. However, at 1 and 3 µM 
concentration, RO did not have an effect on the viability of 
PANC‑1 cells.

It was demonstrated that the effects of RO on PANC‑1 
cell viability were in a time‑dependent manner. The growth 
inhibition percentages were 4% (P<0.05), 17% (P<0.05) and 
42% (P<0.05) when PANC‑1 cells were treated with 10 µM 
RO for 24, 48 and 72 h, respectively (Fig. 1B). In accordance 
with these results from the MTS assay, RO at a concentration 
of 10 µM was selected to treat PANC‑1 cells in the subsequent 
experiments.

RO inhibits the G1‑S‑phase transition of PANC‑1 cells. The 
influence of RO on the cell cycle phase distribution of PANC‑1 
cells was determined via FCM after treatment with 10 µM RO 
for different durations. It was identified that RO treatment 
for 72 h increased G1 phase arrest from 51.57% (0 h control 
treatment group) to 88.76%, and reduced the S and G2 phase 
percentages from 27.48 and 20.6% to 7.66 and 3.81%, respec‑
tively (Fig. 2).

RO regulates the expression levels of cell cycle‑related genes 
and the phosphorylation levels of ERK and JNK in PANC‑1 
cells. In order to understand how RO could cause cell cycle 
arrest at the G1 phase, the expression of cell cycle‑related 
proteins, cyclin  B1, cyclin E and p27 were measured in 
RO‑treated cells. The results suggested that RO treatment 
decreased the expression levels of cyclin B1 and cyclin E 
(Fig. 3). However, RO increased the expression levels of p27.

The MAPK signaling pathway serves an important 
role in controlling cellular biological behavior, such as cell 
proliferation, apoptosis and migratory potential (24). Thus, 
the phosphorylation levels of ERK and JNK were determined 
to observe whether RO exerts its roles via the ERK and JNK 
MAPK signaling pathway. It was found that RO reduced the 
expression levels of pERK1/2 and pJNK in the PANC‑1 cells, 
which also had a constant level of ERK1/2 and JNK expres‑
sion (Fig. 4).
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Figure 2. RO inhibits the G1‑S‑phase transition of PANC‑1 cells. Cells were treated with RO (10 µM) for 24, 48 and 72 h. Cell cycle analysis was performed 
using flow cytometry. The results represent one of three independent experiments. RO, RO 48‑8071. 

Figure 1. RO inhibits the viability of PANC‑1 cells. Cells were treated with RO at (A) different doses and for (B) different durations. The inhibition ratio of 
each group was detected using an MTS assay. *P<0.05 vs. control group. RO, RO 48‑8071. 
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RO inhibits the oncogenicity of PANC‑1 cells in vivo. In order 
to further confirm the inhibitory effects of RO on pancreatic 
cancer in  vivo, a xenograft model of subcutaneous tumor 
growth was established in nude mice. The experimental mice 
were sacrificed by cervical dislocation after the xenografts 
were treated with RO via intravenous injection for 3 weeks. 
The tumor volumes were measured every 3 days at day 0, 3, 6, 
9, 12, 15, 18, 21 and 24 of RO injection, and the tumor volumes 
shown as the ordinate are the average tumor volume of each 
mouse. As presented in Fig. 5A‑D, the weights and volume of 
tumors formed by RO‑treated PANC‑1 cells were significantly 
lower and smaller compared with those of the control tumors. 
Moreover, Ki67‑specific staining of the tumor tissue sections 
from the xenograft animal model revealed that RO treat‑
ment markedly inhibited cell proliferation in vivo, which was 
demonstrated by a weaker staining of Ki67 when compared 
with the control group (Fig. 6).

Discussion

In total,~85,100 individuals died from pancreatic cancer 
in 2016, which has become the third‑leading cause of 
cancer‑associated mortality worldwide, with a 5‑year overall 
survival rate of 8% (4), mainly due to a lack of efficacious 
methods to treat or control pancreatic cancer. The reasons for 
the poor prognosis of pancreatic cancer include uncontrolled 
and excessive proliferation, and early invasion  (3,5). The 
main strategy of tumor treatment is to effectively suppress the 
malignant behaviors of tumor cells.

High levels of HMG‑CoA reductase and LDLR have been 
observed in a PDAC mouse model, and that LDLR‑mediated 

activation of the mevalonate pathway or cholesterol intake is 
associated with the development of pancreatic cancer (10‑12), 
which suggests that cholesterol levels may influence the devel‑
opment of PDAC. Cholesterol is important in the regulation 
of cellular processes, such as cell proliferation, differentiation 
and apoptosis (2,6,13). In the process of synthesizing choles‑
terol from cytoplasmic acetyl‑CoA, HMG‑CoA reductase 
catalyzes the conversion of HMG‑CoA to mevalonate, which 
is the rate‑limiting step of the pathway  (14). Inhibitors of 
HMG‑CoA reductase can inhibit the proliferation of some 
cancer cells by blocking cholesterol biosynthesis  (15‑17). 
It has been shown that statins, which are inhibitors of 
HMG‑CoA reductase, can also be used to treat cancer (25). 
However, statins cause a shortage of numerous downstream 
intermediate products, including farnesyl pyrophosphate and 
geranylgeranyl diphosphate, which are involved in the roles 
of isoprenoids, and membrane structure and function, and 
thus produces considerable side effects (26). The conversion 
of 2,3‑monoepoxysqualene to lanosterol by OSC is a key step 
that is downstream of HMG‑CoA reductase in the process 
of cholesterol biosynthesis. Previously, RO, an inhibitor of 
OSC, has become a possible novel target to inhibit cholesterol 
biosynthesis (17,18). Furthermore, RO may cause fewer side 
effects than statins, as it primarily only decreases the level of 
cholesterol, without decreasing the levels of other intermediate 
products of the mevalonate pathway (21).

It has been reported that RO 48‑8071 has an inhibitory 
effect on the proliferation of prostate and breast cancer 
cells (20,21,27) and leukemia cells (28). The present study also 
demonstrated its inhibitory roles on pancreatic cancer devel‑
opment and provided insights into the potential molecular 
mechanisms of RO. Moreover, the current study found notable 
inhibitory effects of RO on pancreatic cancer cells (PANC‑1) 
in vitro. It was also identified that RO markedly inhibited cell 

Figure 3. RO regulates the expression levels of cell cycle‑related proteins. 
PANC‑1 cells were cultured and treated with RO (10 µM) for 24, 48 and 72 h. 
The cells were harvested to detect the expression levels of cell cycle‑related 
proteins via western blotting. RO, RO 48‑8071. 

Figure 4. RO regulates the phosphorylation of ERK and JNK.PANC‑1 cells 
were cultured and treated with RO (10 µM) for 24, 48 and 72 h. The cells 
were harvested to detect the phosphorylation levels of ERK and JNK, which 
were normalized to total ERK and JNK. RO, RO 48‑8071; p, phosphorylated. 
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proliferation in vivo, as shown by a lower Ki67 expression in 
xenograft tissues.

Cyclin B and cyclin E, which are commonly known factors 
involved in G1/S cell cycle‑regulation, interact with CDKs 
to stimulate the transition from the G1 phase to the S phase, 
while p27 acts as a CDK inhibitor to inhibit the activities of 
cyclin/CDK complexes (29). The overexpression of cyclin B 
and cyclin E appear to be correlated with high tumor grade in 
breast cancer (30). By detecting the cell cycle and cell viability 
influenced by RO, the present study found that RO caused 
G1  phase arrest and inhibited cell viability by regulating 
the expression levels of the cell cycle‑related proteins p27, 
cyclin B1 and cyclin E. This was consistent with previous find‑
ings concerning the action of RO on other cancer cells (20,21). 
It is commonly known that cholesterol is a component of the 
cell structure. A noteworthy hypothesis is that RO causes a 
shortage of cholesterol, which consequently causes the inhi‑
bition of cell viability (31). The present results revealed that 
RO mediated the suppression of G1/S‑CDK activity and the 
activation of the CDK inhibitor p27, which caused replicative 
arrest, and this could be one of the mechanisms of action of the 
antitumor roles of RO.

The MAPK signaling pathways are widely known to be 
involved in multiple cell behaviors and are associated with tumor 
development. ERK is an important mitogen‑activated prolifera‑
tion factor that can promote cell survival, whereas the JNK/MAPK 
pathway serves key roles in apoptotic processes (32). The ERK 

and JNK/MAPK signaling pathways are often overactivated in 
most types of cancer cells and serve a key role in controlling cell 

Figure 5. RO inhibits tumor growth in nude mice. An in vivo experiment was performed to examine the inhibitory effect of RO on tumor growth. Male 
BALB/c nude mice were inoculated subcutaneously in the right flanks with PANC‑1 cells to form xenograft tumors, followed by intravenous injection with 
RO or DMSO (as CON). The tumor volumes were measured every 3 days at days 0, 3, 6, 9, 12, 15, 18, 21 and 24. (A) Tumors weights of the two groups. 
(B) Representative images of tumor‑bearing mice. (C) Tumor volume analysis. The tumor volumes shown as the ordinate are the average tumor volume of each 
mouse. (D) Resected xenograft tumors from the two groups. *P<0.05 vs. CON group. CON, control; RO, RO 48‑8071. 

Figure 6. RO inhibits the expression level of the proliferation marker protein 
Ki67 in excised xenograft tumors. The tissue sections were conventionally 
stained with H&E or stained using a specific Ki67 antibody. The upper panel 
shows representative images of H&E staining and the bottom panel shows 
representative images of Ki67 immunohistochemical staining. Scale bar, 
25 µm. CON, control; RO, RO 48‑8071 
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proliferation, apoptosis and motility (33,34). Cholesterol deple‑
tion on the membrane surface can inhibit PI3K/Akt and ERK 
pathways in several types of tumors (35). RO 48‑8071 has been 
reported to inhibit ERK phosphorylation in both HCT116 and 
HPAF‑II cells (23). The present mechanistic studies revealed that 
RO reduced the expression level of pERK1/2 and pJNK, which 
suggested that RO inactivated the ERK and JNK signaling 
pathway in PANC‑1 cells.

In conclusion, the present results demonstrated that the 
anti‑pancreatic cancer effects of RO occurred via the regulation 
of the cell cycle to inhibit the viability of pancreatic cancer cells. 
RO may exert these roles by regulating the expression levels of 
cell cycle‑related proteins, concomitantly with the inhibition of 
the ERK and JNK pathway. A preliminary conclusion could be 
drawn from the data obtained in the present study that RO could 
be used as an antitumor reagent to limit the development of 
pancreatic cancer. Due to its low side effects, RO may facilitate 
the treatment of pancreatic cancer. The effects of RO on cell 
viability and the cell cycle identified in the present study could 
be due to either a RO‑induced decreased in cholesterol level 
or mechanisms that are independent of the cholesterol levels. 
Moreover, RO could be used to exert a direct effect on tumor 
cells. The major limitation of the present study is that only 
one cell line was used. Further in‑depth studies using multiple 
pancreatic cancer cell lines are necessary to clarify and provide 
details on the specific underlying mechanisms.
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