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Oridonin induces autophagy-mediated cell death in pancreatic
cancer by activating the c-Jun N-terminal kinase pathway and
inhibiting phosphoinositide 3-kinase signaling
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Background: Oridonin is a diterpenoid isolated from Rabdosia rubescens that has potent anticancer activity.
This study set out to investigate the antitumor effects of oridonin in pancreatic carcinoma (PC) and their
underlying mechanisms.

Methods: To investigate the antitumor effects of oridonin, we developed an orthotopic C57BL/6 mouse
model of PC. After successful establishment of the model, the mice were given a daily intraperitoneal
injection of phosphate-buffered saline containing 0.1% dimethyl sulfoxide or oridonin for 2 weeks. In
vitro experiments including MT'T assay and flow cytometry were performed to examine cell viability and
apoptosis. Panc-1 and Panc02 cells were transfected with a green fluorescent protein (GFP)-LC3 plasmid.
After the cells had been treated with or without 20 pM oridonin and 10 pM 3-MA, the formation of GFP-
LC3 puncta was detected by fluorescence microscopy. The levels of the autophagy-related proteins Beclin-1,
LC3, and p62 were measured by western blotting.

Results: Oridonin inhibited the proliferation of PC cells and induced their apoptosis iz vitro and in vivo.
Treatment with oridonin also led to an increase in the quantity of LC3B II protein and upregulation of
the p62 and Beclin-1 levels in PC cells. The effects of oridonin on PC cell proliferation, apoptosis, and
autophagy were mediated via the simultaneous inhibition of the phosphoinositide 3-kinase pathway and
activation of the c-Jun N-terminal kinase pathway.

Conclusions: Our study is the first to confirm the antitumor and autophagy-activating effects of oridonin
on PC cells. In light of these results, oridonin may be a promising therapeutic agent for PC.
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Introduction

Pancreatic cancer (PC) is the third largest contributor
to cancer deaths in the United States and has a high
mortality rate (1). Despite progress in the understanding
of the biology and genetic bases of PC, the prognoses of
most patients have remained dire, owing to the disease’s
aggressive biology and advanced stage at the time of
diagnosis (2,3). Therefore, new and effective therapeutic
strategies for the prevention and treatment of PC are
urgently needed.

Oridonin, which is isolated from Rabdosia rubescens, is a
bioactive diterpenoid that is commonly used in traditional
medicines in East Asia. Oridonin has increasingly
drawn attention from biomedical researchers for having
numerous biological attributes, including anticancer, anti-
inflammatory, antimicrobial, and neurological activity,
as well as a preventive effect against hepatic fibrosis (4).
Multiple proteins and pathways have been implicated in the
regulation of oridonin-mediated apoptosis; these include
the mechanistic target of rapamycin signaling pathway, p53,
the cysteine-dependent aspartate-specific protease family,
the mitogen-activated protein kinase (MAPK) family, and
the nuclear factor-kappa B (NF-kB) and phosphoinositide
3-kinase (PI3K) signaling pathways (5-9).

Apoptosis is a controlled mechanistic process which
ensures homeostatic maintenance of cells in normal tissues
and the elimination of disordered cells. Many pathways
related to apoptosis are mutated or dysregulated in human
cancers (10-12). Apoptosis is characterized by a loss of
viability accompanied by cytosolic vacuolization, chromatin
condensation, and nuclear DNA fragmentation (13). The
dysregulation of apoptotic pathways can result in cancers
developing, and targeting these pathways can serve as a
potential anticancer strategy, with a large number of cancer
treatments already aimed at inducing the apoptotic process
in malignant cells (14). Additionally, there are increasing
reports that aside from promoting apoptosis, antitumor
therapy can induce cell death in a variety of other ways,
including by causing mitotic mutations, triggering necrosis
and autophagy, and permanently arresting the cell cycle, as
well as by promoting phenotypic characteristics associated
with aging.

Autophagy is an evolutionarily conserved physiological
process which plays a part in the routine degradation and
turnover of components in the cytoplasm by lysosomal
hydrolases (15,16). Autophagy, which has long been
classified as a distinct form of programmed cell death to
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apoptosis, can be induced by a variety of stress conditions,
including starvation, hypoxia, hyperthermia, and oxidative
stress. It also sees massive autophagic cytoplasmic
vacuolization unaccompanied by microtubule-associated
protein 1A/1B-light chain (LC) 3-I conversion to
LC3-II (12). Previous data have suggested that autophagy
is commonly associated with cell survival; conversely, it
has also been suggested that under certain conditions,
autophagy contributes to cell death and can lead to
apoptosis.

Previous studies revealed that oridonin could inhibit
the growth of human pancreatic cancer cells by increasing
apoptosis, downregulating the expression of the mRNA
inflammation and inhibiting cell migration. Accumulating
clinical evidence shows that in the treatment of cancer,
natural extracts or traditional herbs appear to induce
apoptosis and regulate autophagy (17-19). Oridonin has
been shown to suppress PC cell migration and epithelial-
mesenchymal transition, and induce SW1990 cell apoptosis
via p38 MAPK signaling (20,21). However, to the best of
our knowledge, the influence of oridonin on autophagy is
unknow, the present study set out to clarify the effects of
oridonin in PC.

In the current study, we investigated the antitumor
effects of oridonin in an orthotopic model of PC. Oridonin
administration inhibited tumor growth, and decreased
the expression of Ki-67 and vascular endothelial growth
factor (VEGF), which are common markers of tumor
proliferation and angiogenesis. We further explored the
underlying mechanism of oridonin’s effects on PC cells
in vitro. Collectively, our observations show oridonin to be
a promising anticancer agent for PC that induces apoptosis
and autophagy via modulation of the p38 MAPK and PI3K
signaling pathways.

We present the following article in accordance with the
ARRIVE reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-2630).

Methods
Animals and cell lines

Male C57BL/6 mice (age, 6-7 weeks), supplied by the
Experimental Animal Center for Military Medical Sciences,
were acclimated for at least 1 week in specific pathogen-
free cages before experimentation. We obtained the human
PC cell line Panc-1 and mouse PC cell line Panc02 from
the American Type Culture Collection (Manassas, VA,
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USA). The animal experimental protocol in this study was
reviewed and approved by the Animal Ethical and Welfare
Committee of Tianjin Medical University (approval No.
TMUaMEC 2018032), in compliance with the National
Institutes of Health guidelines for the care and use of
animals.

Orthotopic model of PC

The PC orthotopic model was established as previously
described (22). After wholly exposing the pancreatic tail,
a 1-mL syringe with a 27-gauge needle was used to inject
Panc02 cells (at a density of 5x10’, in a 50-pL phosphate-
buffered saline suspension). Subsequently, the pancreas was
placed back in the abdominal cavity, which was closed by
suturing (23). The mice were randomly divided into two
groups with 5 mice in each group. From the day 3 after
the operation, the mice were treated daily with oridonin
(20 mg/kg) or phosphate-buffered saline containing 0.1%
dimethyl sulfoxide (DMSO) via intraperitoneal injection for
14 days. At the end of the treatment, mice were sacrificed
by decapitation.

Hematoxylin and eosin staining

Tumor tissue samples were subjected to fixing in 4%
paraformaldehyde for 24 hours, followed by dehydration
and paraffin embedding. From the paraffinized tissue
blocks, we cut sections of 5-pm thickness before staining
them with hematoxylin and eosin (H&E). After staining,
the tissue sections were histopathologically examined using
a light microscope.

Immunobistochemistry

Tumor tissues were subjected to fixing in 4% paraformaldehyde
for 24 hours, followed by dehydration, paraffin embedding,
and sectioning at intervals of 5 pm. After deparaffinizing
the tissue sections and rehydrating them with xylene and
alcohol at graded concentrations (95%, 85%, 75%, 50%), we
performed antigen retrieval by microwaving the sections with
5 mmol/L citrate buffer (pH 6.0) for 15 minutes. The sections
were firstly incubated for 15 minutes in 3% H,O, to block
endogenous peroxidase activity. After that, we subjected them
to blocking with 5% goat serum, followed by incubation with
antibodies (Ki-67 and VEGF) at 4 °C overnight. Finally, after
60 minutes’ incubation with a horseradish peroxidase (HRP)-
conjugated secondary antibody at room temperature, the
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sections were treated with a 3,3’-diaminobenzidine solution
(ZSGB-BIO, China).

Chemicals and reagents

The oridonin used in this study was obtained from Hao
Xuan Biotechnology Co., Ltd. (China) and was determined
by high-performance liquid chromatography to have a
purity of 98%. To prepare a stock solution, we dissolved
oridonin (10 mmol/L) in DMSO, and kept the solution at
—20 °C until experimentation. Oridonin was again diluted
with culture medium to obtain the final concentration
as described previously (0, 5, 10, 20, 40, and 80 pM).
Dulbecco’s Modified Eagle Medium and fetal bovine serum
were purchased from Gibco.

MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-
diphenyltetrazolium bromide) and the Annexin V-FITC/
PI staining apoptosis detection kit were purchased from
Sungene Biotech (China). Selleck Inc. (Houston, TX, USA)
supplied the 3-Methyladenine (3-MA) used. Lipofectamine
3000 was obtained from Invitrogen (Carlsbad, CA, USA).
Antibodies against p62, Beclinl, LC3, p38 MAPK,
phosphorylated p38 MAPK (p-p38 MAPK), c-Jun
N-terminal kinase (JNK), phosphorylated JNK (p-JNK),
extracellular regulated kinase (Erk1/2), phosphorylated
Erk1/2 (p-Erk1/2), PI3K, Ki-67, VEGE, and B-actin, along
with glyceraldehyde 3-phosphate dehydrogenase and HRP-
conjugated secondary antibodies, were obtained from Cell
Signaling Technology, Inc. (USA).

Cell culture and treatments

Cell cultures were carried out using Dulbecco’s Modified
Eagle Medium (HyClone, Beijing, China) containing
10% fetal bovine serum (HyClone) at 37 °C with 5% CO,.
There were 3 cell groups: (I) the oridonin group: 24-hour
treatment with 20 pM oridonin; (II) the 3-MA group:
24-hour treatment with 20 pM oridonin and 10 pM 3-MA;
(IIT) the control group: no treatment.

Cell viability analysis

The effects of oridonin on Panc-1 and Panc02 cell viability
were determined using the MTT assay. Cells were plated
in 96-well plates (5x10*cells/well) and incubated for
24 hours at 37 °C, after which they were treated with 0,
5, 10, 20, 40, or 80 pM oridonin for 24 hours. After the
addition of new medium and 20 pL of MTT solution
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(5 mg/mL) to the individual wells, the cells were incubated
for 4 hours at 37 °C with 5% CO,. Following that, the
medium was discarded, the addition of 200 pL. of DMSO
was made to each of the wells, and the absorbance was
measured.

Assessment of apoptosis using Annexin V-FITC/PI staining

The Annexin V-FITC/PI apoptosis assay kit (Sungene
Biotech, China) and flow cytometry were employed
to analyze apoptosis. Annexin V has a high affinity for
phosphatidylserine (PS), which is located in the cell
membrane and becomes exposed in the early stage
of apoptosis. Flow cytometry was performed with
NovoExpress (ACEA Biosciences, USA) according to the
ACEA NovoExpress Software Guide. Annexin V+PI- cells
were those in the early stage of apoptosis, and Annexin
V+PI+ cells were those in the late stage of apoptosis. In
our study, the rate of cell apoptosis was represented as the
percentage of early apoptotic + late apoptotic cells.

Western blot analysis

Panc-1 and Panc02 cells were incubated with various
concentrations of oridonin formononetin (0, 10, 20,
and 40 pM) for 24 hours. After cell harvesting, cold
radioimmunoprecipitation buffer (Millipore, USA)
containing phosphatase and protease inhibitors,
phenylmethanesulfonyl fluoride, and aprotinin (Sigma,
USA) was used for cell lysis for 30 minutes. The supernatant
was collected by centrifuging lysates for 10 minutes at
12,000 xg and 4 °C. A bicinchoninic acid protein assay kit
was used to determine the concentration of total protein.
A total of 30 mg of protein per well was separated by
electrophoresis before transfer to a polyvinylidene fluoride
(PVDF) membrane (Millipore, USA). Tris-buffered saline
(TBS) with 0.1% Tween-20 and 5% nonfat milk was used
to block the membrane for 2 hours.

The membrane was subjected to further incubation
with primary antibodies against different proteins at
4 °C overnight. After being washed 3 times with TBS with
Tween-20, the membrane was subjected to subsequent
incubation with the appropriate HRP-conjugated
secondary antibody at room temperature for 1 hour.
Electrochemiluminescence detection reagents (Beyotime,
China) were then added to develop the bands. Protein
expression levels were calculated on the basis of the relative
band intensities, with -actin or glyceraldehyde 3-phosphate
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dehydrogenase serving as a control.

Cell transfection and fluorescence microscopy

Lipofectamine 3000™ was used to transfect the Panc-1
and Panc02 cell lines with the green fluorescent protein
(GFP)-LC3 plasmid in line with the protocol supplied by
the manufacturer. Following treatment in the presence
or absence of 20 pM oridonin and 10 pM 3-MA, cellular
GFP-LC3 puncta formation was analyzed by fluorescence
microscopy. The formation of at least 5 countable puncta
was interpreted as autophagosomal accumulation.

Statistical analysis

Experiments were repeated 3 times. Student’s 7 test was
used for comparisons between two groups, and one-way
analysis of variance (ANOVA) was used to compare multiple
groups. In the analysis of differences among multiple
groups, Tukey’s Honestly Significant Difference test was
applied following one-way ANOVA. In all figures, error
bars indicate standard deviations. The intensity of Ki-67
and VEGF expression was quantitated using the NIH
Image ] software (http://rsb.info.nih.gov/ij/). SPSS 19.0 and
GraphPad Prism Version 5.0 software were employed for all
statistical analyses.

Results
Oridonin attenuates orthotopic PC in mice

In our investigation of the antitumor effects of oridonin,
we developed an orthotopic C57BL/6 mouse model of
PC. Compared with the control group, tumor formation
was significantly suppressed in mice pretreated with
oridonin (Figure 14,B,C) (P<0.05). The H&E staining
results revealed a larger number of apoptosis- and necrosis-
associated pathologic changes in tumor tissues from the
oridonin group compared to control tissues (Figure 1D).
Immunohistological staining revealed the levels of Ki-67
and VEGE, which serve as indicators of cancer proliferation
and angiogenesis, to be decreased in the oridonin treatment

group (Figure 1E).

Oridonin inbibits the viability of Panc-1 and Panc02 cells

We further examined the effects of oridonin in PC by
exposing the Panc-1 and Panc02 cell lines to different
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Figure 1 Oridonin suppresses the progression of pancreatic cancer iz vivo. For 14 days, orthotopic pancreatic tumor-bearing mice received
solvent or oridonin (20 mg/kg) treatment. (A,B) Tumors compared between representative mice from the 2 groups; the yellow outlines the
tumors. (C) Tumor weights compared between the two groups of mice (*P<0.05). (D) Histopathologic changes in pancreatic tumor tissues of
the mice were detected through hematoxylin and eosin staining (magnification x200, scale bar =100 pm). (E) Ki-67 and VEGF expression in

tumor samples with or without oridonin treatment was examined by immunohistochemistry (magnification x200, scale bar =100 pm).
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concentrations of oridonin (0, 5, 10, 20, 40, and 80 pM) for
24 hours. Cell viability was determined using an M'T'T assay.
As shown in Figure 2, oridonin inhibited cell growth in a
dose-dependent manner. In the oridonin treatment group,
we observed significant suppression of cells’ proliferation
abilities as well as a decrease in the proliferation index,
compared with the control group. The viability of Panc-1
and Panc02 cells in the oridonin group was significantly
decreased at a concentration of 5 pM (P<0.05, Figure 2A,B).
Also, the IC, values of Panc-1 and Panc02 cells were both
approximately 20 pM.

Effects of oridonin on Panc-1 and Panc02 cell apoptosis
We exposed Panc-1 and Panc02 cells to 0, 10, 20, or 40 pM

oridonin for 24 hours, and the results can be seen in Figure
2C, D, and E. While Panc02 cell apoptosis was significantly
decreased in the 10 pM oridonin group (P<0.001), only
a high concentration of oridonin (40 pM) significantly
induced Panc-1 cell apoptosis (P<0.001).

Effects of oridonin on autophagy activation in Panc-1 and
Panc02 cells

Because autophagy is a contributor to cell death, our next
experiment aimed to establish whether oridonin can induce
PC cell autophagy. In an attempt to uncover the alternative
mechanism underlying oridonin-caused cell death, cells
were treated with different concentrations of oridonin (0,
10, 20, or 40 pM) for 24 hours, and the expression of the
autophagy-related proteins Beclin-1, LC3, and p62 was
examined through western blot. Oridonin administration
elevated the quantity of LC3B II protein and led to the
upregulation of P62 and Beclin-1 expression (Figure 34,B).
Next, oridonin-induced autophagy in PC cells was blocked
using 3-MA, which is the most widely used drug for
inhibiting autophagy. The results suggested that oridonin-
induced cellular autophagic activity in PC cells may exert a
protective effect (Figure 3C,D). Autophagy characteristically
sees an increase in acidic vesicular organelles, with a
correlative increase in autophagosomes (24). To further
explore oridonin-induced autophagy, an Ad-GFP-RFP-
LC3 assay was carried out. LC3 localization during
autophagosome formation was examined by assessing GFP-
LC3 expression in Panc-1 and Panc02 cells. The cells
were subjected to transfection with LC3-GFP plasmids
and treatment with 20 pM oridonin with or without 3-MA
for 24 hours. We found that oridonin induced significant
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increases in GFP-LC3 puncta formation in both Panc-1
and Panc02 cells (Figure 3E,F) (P<0.001).

Oridonin mediates autopbagy in PC cells via activating the
INK signaling pathway and inbibiting the PI3K pathway

MAPKs play a vital role in antiproliferative events (25).
A number of studies have demonstrated that oridonin
can inhibit the PI3K pathway, which contributes to the
growth, migration, and invasion of various cancers (26-28).
To elucidate the involvement of the p38 MAPK and PI3K
pathways in oridonin-induced autophagy, we analyzed
the expression levels of p-JNK, JNK, p-Erk1/2, Erk1/2,
and PI3K after treatment with different concentrations of
oridonin (20 and 40 pM) for 24 hours.

As shown in Figure 44 and B, after 24 hours of
oridonin stimulation, dose-dependent increases in the
phosphorylation levels of JNK and Erk1/2 were detected
in both Panc-1 and Panc02 cells. Moreover, oridonin led
to decreases in the protein expression of PI3K in both
Panc-1 and Panc02 cells. Taken together, these results
indicate that oridonin can inhibit PC cell proliferation,
promote tumor apoptosis and autophagy, and increase the
protein expression of p-JNK, p-Erk, and p-p38MAPK,
while reducing the protein expression of PI3K. Thus, we
speculate that the effects of oridonin on the proliferation,
apoptosis, and autophagy of PC cells are mediated via
simultaneous inhibition of the PI3K pathway and activation

of the JNK pathway (Figure 5).

Discussion

PC is a kind of cancer with high malignant degree and
mortality. Although surgery is the main means to achieve
cure, the whole process management of resectable
pancreatic cancer is still a long-term puzzle for clinicians
due to the particularity of anatomical location and tumor
microenvironment (TME) (29,30). Natural products have
proved to be rich sources for drug discovery. Research
to identify natural products that are capable of inducing
tumor cell apoptosis is developing rapidly, and so far, many
monomeric compounds in natural drugs have been shown
to have this ability (31). In view of the fact that PC has
a dense interstitial TME, few interstitial blood vessels,
and high hydrostatic pressure, lymphocytes are not easy
to migrate around cancer cells to play a role, and drug
therapy cannot get the proper part. These comprehensive
effects promote the occurrence of tumors and the progress
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Figure 2 Oridonin inhibited the proliferation of pancreatic cancer cell lines. (A,B) Effect of oridonin on the survival rate of Panc-1 and
Panc02 cells, as measured by MTT assays. (C) The percentage of apoptotic cells after treatment with different concentrations of oridonin
(0, 10, 20, and 40 pM) for 24 hours. (D,E) The apoptotic rate of Panc-1 and Panc02 cells, respectively. The results displayed are the mean +
standard deviation (SD) from 3 experiments. *P<0.05; **P<0.01; ***P<0.001.

© Annals of Translational Medicine. All rights reserved.

Ann Transl Med 2021;9(13):1084 | https://dx.doi.org/10.21037/atm-21-2630



Page 8 of 14

A

Oridonin (uM)

Beclin 1

LC31
LC3 1l

P62

p-actin

C
Oridonin (20 pM)
3-MA

Beclin 1

LC3 1
LC3 1l

P62

GAPDH

E
Oridonin (20 pM)  _—
3-MA —

- . .
N . .

Panc-1

0 10 20 40

+

Zhao et al. Oridonin induces autophagy in pancreatic cancer

B Panc02
Oridonin (uM) 0 10 20 40

Beclin 1
- e
b 83
T
LC3 Il
P62 -*

B-actin — — — —

D Panc02
Oridonin (20 pM) — + g
3-MA _ +
Beclin 1
LC31 &
e — S—
LC3 I
P62 — - O—
GAPDH —— e

Control
&3 20 pm/L
BE=20 pm/L + 3 MA

The number of GFP-LC3
dots per cell

Panc-1 Panc02

Figure 3 Oridonin induces significant levels of autophagy in Panc-1 and Panc02 cells. (A,B) Representative western blot analysis of LC3II/
LC3I, P62, and Beclinl protein expression after treatment with oridonin at different concentrations (0, 10, 20, and 40 puM). (C,D) Panc-
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Figure 5 Schematic illustration of possible pathways involved in oridonin-induced autophagy in pancreatic cancer cells.

of diseases (32,33). Oridonin has attracted increasing
attention in the i vivo and in vitro study of various cancers
for its antitumor activity in cellular processes including
proliferation, cell cycle arrest, and apoptosis (34-36).
However, the mechanism of oridonin’s inhibitory effect on
PC progression has yet to be fully explained.

The results of the present research indicate that the
apoptosis caused by oridonin has the effect of suppressing
PC cell viability; thus, it is a natural monomeric compound
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that potentially holds promise for cancer therapy. In our
orthotopic PC mouse model, we observed that oridonin
restricted tumor growth, which was in line with our i vitro
experimental findings. Moreover, we found that some of the
mechanisms of the antitumor effects of oridonin are related
apoptosis and autophagy, and involve signaling pathways.
Apoptosis is a gene-controlled, active cell death process,
the central characteristic of which is the degradation of
intracellular components by caspases or cysteine proteolytic
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enzymes (37). Studying the occurrence and regulation
of apoptosis can aid in explaining the many biological
phenomena and causes of disease (38,39). Annexin V, a
calcium-dependent phospholipid-binding protein, serves as
a helpful marker of cells with exposed phosphatidylserine,
when labeled with detectable tags (40). Thus, during cancer
treatment, Annexin V serves as a predictor of tumor cell
necrosis (41). In our study, Panc-1 and Panc02 cells were
treated with 0, 10, 20, or 40 pM oridonin for 24 hours. The
proportion of Annexin V+PI+ Panc02 cells was found to be
significantly increased, and that of Annexin V+PI+ Panc-1
cells was also significantly increased by treatment with
40 pM oridonin. The H&E results revealed tumor tissues
from oridonin-treated mice to display an increased number
of apoptosis- and necrosis-related pathologic changes
(e.g., nuclei of very light blue or without any blue, and
smaller cells, with shrinkage and deformities) compared to
those from untreated mice. Immunohistological staining
also revealed diminished levels of Ki-67 and VEGF in
the oridonin treatment group. Together, these iz vivo and
in vitro experimental results showed that oridonin induces
cell apoptosis and inhibits tumor growth in PC. However,
the mechanism of the antitumor effects of oridonin
remained unclear; thus, we next explored this mechanism.

Initially, autophagy and apoptosis were believed to differ
in terms of their morphology, biochemical indicators, and
related molecules and mechanisms. However, overwhelming
evidence uncovered that the two processes can antagonize
or promote each other, and can occur successively or
simultaneously in the same cell. The same inducing factors
of autophagy and apoptosis can be found in different cell
lines; the molecules involved in autophagy and apoptosis
may also be cross-linked, and these molecules play
positive or negative roles in autophagy and apoptosis (42).
Autophagy plays important physiological roles in cancers,
and its dysfunction has been linked to various diseases. A
growing body of evidence shows that autophagy plays a
dual role in cancer therapy by protecting cell survival or
contributing to cell death (43). LC3I conversion to LC3II
plays a role in forming autophagosomes; therefore, LC31I
typically serves as an autophagic marker (44). We found
oridonin-induced PC cell autophagy to be reflected in a rise
in the quantity of GFP-LC3 puncta and the enhancement
of LC3B-I conversion to LC3B-II compared to the control
group. This observation indicated that oridonin induces
apoptosis and autophagy in PC cell lines.

Autophagy also depends on the involvement of a series
of autophagy-related proteins (Atgs); thus far, at least 37
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Atgs have been identified in mammalian cells (2). Beclinl,
the mammalian ortholog of yeast Atg6, is a key player in
inducing autophagy and autophagosome formation. In
this study Beclinl activation was detected in Panc-1 cells.
p62, also known as SQSTMI, is expressed in a variety of
cells and tissues and can be used as a scaffold protein in a
variety of signal transduction processes. It binds to LC3
and ubiquitinated substrates, which are then integrated into
autophagosomes and degraded in autophagolysosomes.
Thus, the protein expression of p62 can be used as an
indicator of changes in autophagic ability (45).

Our data showed that at a high concentration such as
40 pM, oridonin could ameliorate the downregulation
of p62 and further promote the upregulation of LC3-I1/
I. These effects are attributable to high concentrations of
oridonin effectively blocking autophagy at the lysosomal
degradation step (46). Autophagic flux detection is one of
the most reliable indicators of autophagic activity. One
study demonstrated that in combination with autophagy
inhibitors, the detection of the LC3II/I ratio is the gold
standard for autophagic flux analysis (47). Oridonin
was observed to enhance the conversion of LC3B-I to
LC3B-II and increase the expression of Beclin-1. The
expression of p62 was inconsistent between the two cell
lines, which may be due to discrepancies between the cell
lines caused by differences in genus and tissue sources.
However, considering all the results, this inconsistency
does not affect the final conclusion. Similarly, cells in
PC tissue had significantly increased levels of LC3-II
(the autophagosome-bound form of LC3) and increased
autophagic flux, indicating that autophagy was actively
promoted in these tumors/cell lines in response to oridonin
treatment. These results indicate that autophagy activation
may be an important mechanism for the antitumor effects
of oridonin.

The involvement of MAPKs in multiple physiological
and pathological processes has been evidenced by a
growing bank of research (48). JNK, a stress-responsive
kinase, is closely related to cell growth, differentiation,
apoptosis, tumorigenesis, and other signaling pathways
(49,50). At the molecular level, oridonin is a bioactive
diterpenoid isolated from Rabdosia rubescens. It activates
MAPK signaling pathways, which have critical regulatory
involvement in cell growth, apoptosis, and autophagy (51).
There have been few studies on the mechanism of tumor
apoptosis induced by monomers in traditional Chinese
medicines. Previous research has shown that vitexin inhibits
hepatocellular carcinoma growth by inducing apoptosis and
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suppressing autophagy, both of which occur via the JNK/
MAPK pathway (52). In the present study, we observed that
oridonin could increase the phosphorylation levels of JNK
and Erk1/2 in PC cells, and inhibit the protein expression
of PI3K. These results are consistent with those of previous
studies (53-57).

Autophagy induced by chemotherapy drugs can not only
promote the apoptosis of tumor cells, but also serve as the
survival mechanism of anti-apoptosis of tumor cells (58).
Radiotherapy can activate autophagy of pancreatic cancer
cells and induce autophagy apoptosis (59). Gemcitabine
combined with radiotherapy has a synergistic effect in
inducing autophagy. After using drugs to inhibit autophagy,
it is necessary to increase the dose of gemcitabine to achieve
the previous tumor inhibition level, which also indicates that
inducing autophagy can inhibits pancreatic cancer cells (60).
The mechanism of 5-fu combined with omeprazole in
promoting apoptosis of pancreatic cancer cells also is to
induce autophagy (61). The latest research shows that after
inhibiting the corresponding signal molecules in Kras/ERK
signal pathway, the energy metabolism and mitochondrial
function of tumor cells were inhibited, and the autophagy of
tumor cells was obviously enhanced. Because the products
of autophagy catabolism can provide necessary nutrients to
maintain the normal metabolism of tumors, the treatment
methods targeting this signal pathway cannot obviously
inhibit the growth of tumor cells (62). Generally speaking,
under the intervention of chemotherapy, radiotherapy and
other treatment measures, the autophagy becomes more
complex because of the activation of a certain regulatory
mechanism, which can not only promote the growth of
tumor, but also inhibit the killing of tumor cells. This may
be caused by different ways and mechanisms of inducing
autophagy, and may also be determined by related gene
states. In the present study, the in vivo results showed that
oridonin inhibited the growth of PC in an orthotopic
mouse model, and we further probed the mechanism of
the antitumor effects of oridonin. Taken together, our
data show that oridonin induces apoptosis and autophagy
through activating the JNK pathway and inhibiting the
PI3K pathway.

In summary, our study is the first to evidence the
antitumor and autophagy-activating effects of oridonin in
PC cells in vitro and in vivo, and the molecular mechanisms
potentially underlying them. We propose that the effects of
oridonin on PC cell apoptosis and autophagy are mediated
through its simultaneous inhibition of the PI3K pathway
and activation of the JNK pathway.
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