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Purpose: Paconol, a natural product derived from the root of Cynanchum paniculatum
(Bunge) K. Schum and the root of Paeonia suffruticosa Andr. (Ranunculaceae) has attracted
extensive attention for its anti-cancer proliferation effect in recent years. The present study
examined the role of paeonol in suppressing migration and invasion in pancreatic cancer
cells by inhibiting TGF-B1/Smad signaling.

Methods: Cell viability was evaluated by MTT and colonial formation assay. Migration and
invasion capabilities were examined by cell scratch-wound healing assay and the Boyden
chamber invasion assay. Western Blot and qRT-PCR were used to measure the protein and
RNA levels of vimentin, E-cadherin, N-cadherin, and TGF-$1/Smad signaling.

Results: At non-cytotoxic dose, 100 uM and 150 uM of paeonol showed significant anti-
migration and anti-invasion effects on Panc-1 and Capan-1 cells (p<0.01). Paeonol inhibited
epithelial-mesenchymal-transition by upregulating E-cadherin, and down regulating
N-cadherin and vimentin expressions. Paconol inhibited TGF-1/Smad signaling pathway
by downregulating TGF-B1, p-Smad2/Smad2 and p-Smad3/Smad3 expressions. Further,
TGF-B1 attenuated the anti-migration and anti-invasion capacities of paeonol in Panc-1
and Capan-1 cells.

Conclusion: These findings revealed that paeonol could suppress proliferation and inhibit
migration and invasion in Panc-1 and Capan-1 cells by inhibiting the TGF-$1/Smad pathway
and might be a promising novel anti-pancreatic cancer drug.

Keywords: paeonol, pancreatic adenocarcinoma, TGF-f1/Smad signaling, epithelial-

mesenchymal-transition, Cynanchum paniculatum

Introduction
Pancreatic ductal adenocarcinoma (PDAC) is one of the most lethal malignant
tumours with growing incidence worldwide.! Due to the asymptomatic nature of
PDAC, more than 80% of patients are in advanced stages and are diagnosed with
apparent local invasion and metastasis.” The treatment outcomes have not improved
over the past decade for patients with advanced diseases.> Therefore, the discovery
and the development of new therapeutic strategies for PDAC are warranted.
Epithelial-mesenchymal-transition (EMT) is a critical process involved in the
induction of multiple signaling pathways and is thought to play a crucial role in the
development and progression of cancer metastasis.* During EMT, cancer cells lose
cell polarity and cell-to-cell junctions, resulting in the attaining of invasive
phenotype.®” Many studies have demonstrated that the reactivation of EMT links

submit your manuscript

Dove n

http:

in 3

Cancer Management and Research 2020:12 641-651 641
© 2020 Cheng et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
BYNe

php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the
work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


mailto:cz120@mail.sh.cn; 
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Cheng et al

Dove

cancer-associated inflammation to cancer aggressiveness.®®
Transforming growth factor-beta (TGF-fl) is a pro-
inflammatory cytokine that is frequently over-expressed in
neoplasms and inflammatory tissues and is a potent inducer
of EMT.® It has been purposed that EMT is one of the most
distinctive features of PDAC and is associated with an unfa-
vourable prognosis.’

Paeonol (Pae, C99H1003, CAS Number 552-41-0,
PubChem CID 11092) is a component and one of the major
bioactive constitutes in many Chinese herbs, such as the root
of Cynanchum paniculatum (Bunge) K. Schum and the root
of Paeonia suffiuticosa Andr. (Ranunculaceae).” ' Previous
studies suggested that Paconol possesses anti-proliferation,
apoptosis induction, and cell cycle arresting effects in various
types of cancers, such as breast, colorectal, lung, ovarian,
gastric cancer, etc.”'* %' More recent studies reported that
Paconol enhanced paclitaxel-induced apoptosis in breast can-

20.22 .. . . .
022 reversed Doxorubicin resistance in liver

cer cells,
cancer,” and enhanced the radiosensitivity of lung cancer
cells.>* Studies also reported the anti-metastatic activities of
Paeonol in human fibrosarcoma, chondrosarcoma and
gastric cancer.”?>° However, whether Paconol exerts anti-
migration and anti-invasion effects in pancreatic cancer cells
and the potential underlying mechanisms of action are yet to
be elucidated. In the present study, Panc-1 and Capan-1 cell
lines are used to study the effects of Paeconol on migration
and invasion, and the potential role of TGF-B1-induced EMT
as an underlying mechanism of Paeonol is investigated.

Materials and Methods

Chemicals and Reagents

Paconol (HOCgH;(OCH3)COCHj3;, molecular weight: 166.17,
purity 99%) was purchased from Sigma-Aldrich Company
(Cat. H35803, Sigma-Aldrich, St. Louis, MO, USA). 10M of
Paconol was prepared as a stock concentration in dimethyl
sulfoxide (DMSO, Sigma, MO, USA) and stored at —20°C for
further use. Recombinant Human Transforming Growth
Factor B1 (TGF-B1) was purchased from MedChemExpress
(Cat. HY-P7118, Monmouth Junction, NJ, USA). TGF-B1 was
reconstituted to 100 pg/mL with sterile ddH,O and store at
—20°C for further use.

Cell Line and Cell Culture

Human pancreatic cancer Panc-1 and Capan-1 cell lines were
obtained from American Type Culture Collection (ATCC,
Manassas, VA, USA) and cultured according to manufac-
turer’s instruction. In brief, the cells were maintained in high

glucose Dulbecco’s Modified Eagle’s Medium (DMEM,
Gibco, Massachusetts, USA) supplemented with 100 pg/mL
each of penicillin and streptomycin (Gibco, Massachusetts,
USA), and 10% fetal bovine serum (FBS, Gibco,
Massachusetts, USA) under sterilized and humified 5% CO,
condition at 37°C. The morphologies of the cells were
assessed periodically and mycoplasma contamination were
tested using MycoAlert (Lonza, Rockland, ME, USA).

Cell Viability Assay

The cells were plated in triplicate in 96 well plates at a density
of 5 x 10 cells in 0.1 mL and incubated overnight. Serial
dilutions of Paeonol at doses ranging from 0-300uM were
added and incubated for another 24, 48, or 72 hrs at 37°C.
MTT  (1-(4,5-Dimethylthiazol-2-yl)-3,5-diphenylformazan,
Sigma-Aldrich, St. Louis, MO, USA) was added to each
well of the plates followed by incubation at 37°C for 4 hrs.
Media were carefully aspired and 200uL. of DMSO was added
to each well. The plates were then incubated for 15 mins at 37°
C, protected from light and measured at 570 nm by
a Multiskan MS microplate reader (ThermoScientific,
Massachusetts, USA). The growth curves of Paconol-treated
cells were plotted based on OD values obtained from the assay.
Subsequently, Paconol concentrations below the IC50 values
after 48 hrs treatment (100 and 150uM, IC10 and IC20,
respectively) were selected for further study. Each experiment
was performed in triplicate and with at least 3 individual
experiments carried out.

Colonial Formation Assay

Approximately 1000 Panc-1 and Capan-1 cells were
seeded in 6-well tissue culture plates and incubated over-
night. The culture medium was replaced with fresh med-
ium containing 0, 100, 150 puM of Paeonol and then
cultured for 12 days. Cells were then fixed in 4% paraf-
ormaldehyde (Sigma-Aldrich, St. Louis, MO, USA) and
stained with crystal violet (Sigma-Aldrich, St. Louis, MO,
USA) for visualization. Images of the colonies were taken
after washing and air drying. All experiments were con-
ducted in triplicate.

Scratch-Wound Migration Assay

Panc-1 and Capan-1 cells were seeded in 6-well plates and
allowed to grow until confluent. The confluent cells were
wounded by scraping with a sterile 1-mL-pipette tip. The
culture medium was replaced with fresh medium contain-
ing 0, 100, 150uM of Paeonol and cultured for 48 hrs. The
rate of wound closure was monitored by images captured
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with a phase-contrast microscope at 0, 24, and 48 hrs. At
least 3 independent experiments were performed.

Boyden Chamber Invasion Assay

Boyden chamber invasion assays were carried out using
8.0-um cell culture Transwell inserts (Corning, Corning,
New York, USA). Transwell chambers were pre-coated with
Matrigel (Corning, New York, USA) at 1:5 dilution in serum-
free medium for 2 hrs at 37°C. 2 x 10* cells were placed in the
upper chambers and incubated overnight. The cells were then
treated with 0, 100, and 150uM of Paconol. After 48 hrs in
culture, the cells remaining on the upper surface of the mem-
brane were removed by wiping with cotton swabs. The remain-
ing cells attached to the lower surface of the membrane were
fixed 4% paraformaldehyde and stained with crystal violet for
30 mins at room temperature for visualization. Images were
acquired under light microscopy, and fully invaded cells were
quantitated by counting cells in 5 random fields. Each experi-
ment was performed in triplicate with at least 3 individual
experiments and the mean values + SD were presented.

Real-Time Quantitative Polymerase Chain

Reaction

For mRNA analysis, total RNA was isolated using RNA
isoPlus (TaKaRa Bio Inc., Shiga, Japan) according to the
manufacturer’s protocol. Reverse transcription for cDNA
synthesis was performed using a PrimeScript RT reagent
Kit (TaKaRa Bio Inc., Shiga, Japan) and amplified by using
the ProFlex PCR system (Thermo Fisher, Massachusetts,
USA), according to the manufacturer’s instructions. Primers
were purchased from Sangon Biotech (Shanghai, China).
Quantitative PCR was performed using the SYBR green
system (TaKaRa, Japan) according to the manufacturer’s
instructions with LightCycler 480 PCR system (Roche,
Basel, Switzerland). All reactions were performed in tripli-
cate and the expression of B-actin was used to normalize the

27A8Ct hethod was

gene expression of each sample. The
used to determine relative gene expression. The gene-

specific primers used are listed in Table 1.

Immunoblotting

The total protein was extracted from cultured cells with ice
cold-radio-immunoprecipitation assay (RIPA) extraction buf-
fer (Thermo Fisher, Massachusetts, USA) supplemented with
inhibitors  (Roche,
Switzerland) for 30 mins on ice and followed by centrifugation

protease and phosphatase Basel,

at 12,500 rpm for 10 mins at 4°C. Protein concentration was

Table | Sequences of PCR Primers for Target Gene Detection

Gene Primer Sequences (5'— 3’)
Vimentin Forward: CCCTTGACATTGAGATTGCCACCT
Reverse: GTGGGTATCAACCAGAGGGAGTGA
E-cadherin Forward: GATGAAGAAGGAGGCGGAGAAGAG
Reverse: GGGGTCAGTATCAGCCGCTTTCAG
N-cadherin Forward: GCGTCTGTAGAGGCTTCTGG
Reverse: TGGAAAGCTTCTCACGGCAT
TGFp1 Forward: TGCTGTGGCTACTGGTGC
Reverse: AGATTTCGTTGTGGGTTT
f-actin Forward: AGAAGGATTCCTATGTGGGCG
Reverse: CATGTCGTCCCAGTTGGTGAC

Abbreviation: TGF-B1, transforming growth factor-beta .

quantitated using the Bradford protein assay kit (BioRad,
Hercules, CA, USA) according to manufacturer’s instruction.
After electrophoresis, protein were transferred to PVDF mem-
branes and were then blocked with 5% bovine serum albumins
(BSA, Sigma-Aldrich, St. Louis, MO, USA) for 2 hrs at room
temperature. Subsequently, the membrane was incubated with
respective primary antibodies overnight at 4°C and then with
appropriate secondary antibody (CST, Danvers, MA, USA) at
room temperature for 2 hrs. Target protein expression was
examined with ECL advanced kit (GE Healthcare, Little
Chalfont, UK) 6100
Chemiluminescent Imaging System (Tanon, Shanghai,

and visualized with Tanon
China) and quantitative analyses were performed using
ImageJ software (National Institutes of Health, USA).
Primary antibodies used were all purchased from Cell
Signaling Technology (Danvers, MA, USA) and were as fol-
lows: p-Smad2 (Serd65/467)(#3108), Smad2 (#5339),
p-Smad3 (Serd23/425)(#9520), Smad3 (#9523), E-Cadherin
(#3195), Vimentin (5741), N-Cadherin (#13116), and B-actin
(#4970). All signals were normalized to that of B-actin.

Statistical Analysis

Data were expressed as the means + standard deviations.
Statistical analyses were performed using analysis of var-
iance or Student’s t-tests. A p-value < 0.05 was considered
statistically significant throughout this study.

Results
Paeonol Suppressed Pancreatic Cancer

Cells Proliferation in vitro
First, we determined the anti-proliferation effect of Paconol
on Panc-1 and Capan-1 cells using MTT assay. As shown in
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Figure 1A and B, Panc-1 and Capan-1 cells were treated
with various doses of Paeonol for 24, 48 and 72 hrs. It was
observed that Paconol inhibited the proliferation of Panc-1
and Capan-1 cells in a dose- and time-dependent manner.
The 50% inhibitions concentration (IC50) of Paeonol on
Panc-1 cells were 274.4, 265.5, 175.2uM for 24, 48 and 72
hrs, respectively, and that of the Capan-1 cells were 380.7,
211.7, 90.9uM, respectively. At 48 hrs of incubation, the
IC20 and IC10 of Paeonol of Panc-1 cell were 151.6 and
109.2uM, respectively, and that of the Capan-1 cells were
52.9 and 23.5uM, respectively. Colonial formation assay
showed that (Figure 1C—F) prolonged exposure Paeonol at
100 and 150uM for 12 days suppressed colony formation
capability of Panc-1 and Capan-1 cells. To further evaluate
the anti-migration and anti-invasion effects of Paeconol on
PDAC, two doses of 100 and 150uM were selected for
subsequent experiments.

Paeonol Suppressed Pancreatic Cancer
Cell Migration and Invasion in vitro at

Non-Cytotoxic Doses

In order to test whether Paeonol exerts anti-migration and
anti-invasion effect on PDAC at non-cytotoxic dose, cell
scratch-wound migration assay and Transwell invasion

assay were performed. The scratch-wound assay results
showed that Paeonol treatment reduced Panc-1 and Capan-
1 migration (Figure 2A-D). Transwell invasion assay
results showed that the invasive rate of the Paeonol 100
and 150uM treatment groups was lower than that of the
untreated group (Figure 2F and G). Furthermore, Panc-1
and Capan-1 cells in the control group exhibited mesench-
ymal-like morphology, and cells treated with Paeonol
exhibited epithelial-like morphology (Figure 2E). These
results suggested the anti-migration and anti-invasion
effects of Paconol may potentially be related EMT.

Paeonol Suppressed EMT in Pancreatic
Cancer Cells Through the Inhibition of
TGF-B1/Smad Signaling

EMT had been associated with the increased metastatic poten-
tial in PDAC. Since Paeonol could inhibit the migration and
invasion capabilities of Panc-1 and Capan-1 cells, we sought
to investigate the potential mechanism and characterization of
EMT by detecting the expression of EMT-related genes and
proteins in Paeonol-treated cells. As shown in Figure 3,
Paeonol-treated Panc-1 and Capan-1 cells showed increased
protein expression of the epithelial marker E-cadherin, and
decreased protein expression of mesenchymal markers,
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Figure | The cytotoxicity and effects of Paeonol on PDACs. (A) The cytotoxicity of Paeonol at different concentrations (0, 6.25, 12.5, 25, 50, 100, 150, 300uM) and the cell
viability at 24 hrs, 48 hrs and 72 hrs in Panc-1; (B) The cytotoxicity of Paeonol at various concentrations (0, 6.25, 12.5, 25, 50, 100, 150, 300uM) and cell viability for 24 hrs,
48 hrs and 72 hrs in Capan-1; (C) Paeonol (100 or 150uM) reduced clonogenic survival of Panc-1; (D) Compared to non-treated controls, Paeonol (100 or 150uM)
suppressed colonial formation of Panc-1; (E) Paeonol (100 or I50uM) reduced clonogenic survival of Capan-1; (F) Compared to non-treated controls, Paeonol (100 or
1500M) suppressed colonial formation of Capan-1. Data were shown as mean + SD of three independent experiments. **P<0.01.
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Figure 2 Paeonol suppresses the migration and invasion capacities of PDAC cells by promoting EMT. (A, B) Scratch wound-healing assay. Panc-1 and Capan-1 cells were
treated with 100 or 150uM of Paeonol. The movement of cells into the wounds was shown at 0, 24 hrs, and 48 hrs after scratching (magnification: 100x); (C, D) Panc-1 and
Capan-| cells migration were assessed by restoring scratches and the reduction in the area of the initial scratches were compared. All results are representative of three
independent experiments. **P<0.01, as compared Paeonol (100 or 150M) with the non-treated control group; (E) Morphological changes in Panc-1 and Capan-| cells after
48 hrs of culture with Paeonol (100 or 150uM). Arrows indicate cell shapes representing mesenchymal phenotypes; (F) The effect of Paeconol (100 or 150uM) treatment for
48 hrs on Panc-| and Capan-| cells was detected by chambers assays (magnification: 40x); (G) Histogram, based on five random fields selected for statistical analysis, shows
the number of invaded cells. Data are shown as mean + SD of three independent experiments. **P<0.01.

Vimentin and N-cadherin (Figure 3A-C). Consistently,
Paeonol treatment reduced mRNA expression of Vimentin
and N-cadherin, while it increased the expression level of
E-cadherin (Figure 3F-H). These results indicated that
Paeonol could effectively inhibit PDAC via suppression
EMT. Considering that EMT is frequently induced by TGF-
B1 and the TGF-B1/Smad signaling pathway is a critical path-
way triggered by phosphorylation of Smads, we sought to
determine whether Paeonol possesses its anti-migration and
anti-invasion effect by suppression of the active status of
Smads signaling pathway. Not surprisingly, our results showed
that Paeonol inhibited the expression of TGF-1 and phos-
phorylation of Smad2 and Smad3 in Panc-1 and Capan-1 cells
(Figure 3A, D, E and I).

Paeonol Abrogated TGF-B1-Induced
Migration and Invasion Effects of in

Pancreatic Cancer Cells

Since Paeonol inhibited the migration and invasion of Panc-1
and Capan-1 cells by altering cell morphology, we sought to
determine whether the anti-migration and anti-invasion effects

of Paeonol were related to TGF-B1-induced EMT. We intro-
duced TGF-B1 cytokine (HY-P7118) and incubated at 10ng/
mL with or without 100uM of Paeonol for 48 hrs. Scratch
wound assay and Boyden chamber invasion assay results
showed that TGF-B1 remarkably induced the migration and
invasion of Panc-1 and Capan-1 cells, and the addition of
Paeonol reversed TGF-Bl-induced migration and invasion
(Figure 4). As shown in Figure 5A, the morphology of Panc-
1 and Capan-1 cells showed a more mesenchymal phenotype
after treatment with 10ng/mL TGF-B1. We also found that
when Paeonol and TGF-f1 were added simultaneously, the
levels of E-cadherin turned back to the former level without
any treatment (Figure SB—E). These results indicated that
Paeonol inhibited migration and invasion of Panc-1 and
Capan-1 cells by suppressing TGF-$1/SMAD signaling path-
way activation (Figure 6).

Discussion

In this study, we investigated the role of Paeonol in PDAC,
focusing on the anti-migration and anti-invasion effects of
Paeonol in Panc-1 and Capan-1 cell lines. The results
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Figure 3 Paeonol reduces the mesenchymal characteristics and promotes epithelial characteristics of Panc-1 and Capan-| cells and modulates the TGF-B1/Smad signaling.
(A) Western blot analysis of protein levels of E-cadherin, N-cadherin, Vimentin, p-Smad2, Smad2, p-Smad3, Smad3 in Panc-| and Capan-| cells treated with either 100 or
150uM of Paeonol for 48 hrs; (B, C) Histograms show the change of relative protein expression of E-cadherin, N-cadherin, Vimentin in Panc-1 and Capan-| cells; (D, E)
Histograms show the change of relative protein expression of p-Smad2/Smad2, p-Smad3/Smad3 in Panc-1 and Capan-| cells; (F-1) qRT-PCR analysis of mRNA levels of
E-cadherin, N-cadherin, Vimentin and TGF-$1 in Panc-1 and Capan-1 cells treated with either 100 or |50uM of Paeonol for 48 hrs. Data are shown as mean * SD of three

independent experiments. *P < 0.05, **P < 0.01.

indicated that Paeonol inhibited PDAC cell growth and
suppressed colony formation in a time- and dose-
dependent manner. Then, to the best of our knowledge,
this study demonstrated for the first time that Paeonol
inhibited migration and invasion of PDAC cells in non-
cytotoxic doses. Our results indicated that Paeonol inhib-
ited TGF-Bl-induced EMT in PDAC cells by modulating
phosphorylation of the Smad2/3 pathway components.
Based on our data, we suggested that Paeonol may be
a potential therapeutic agent for the treatment of PDAC;
however, further experiments are warranted to confirm its
anti-cancer effect in vivo.

Tumour metastasis is a prominent feature of cancer cells
and a major contributor to cancer-associated death.”’ In
PDAC, more than 80% of the patients present with metas-
tasis upon diagnosis.”” >’ Therefore, many efforts have
been made in aims to suppress the metastatic property of
PDAC. Metastasis is a complicated multi-step process
involves the ability of cancer cell to detach by losing cell-
to-cell junction and cellular polarity, break away from the

extracellular matrix, attain increased motility and increased

invasive phenotype.’>' EMT is one of the most distinctive
features of PDAC and is associated with metastasis, drug
resistance and poor prognosis.*> Accumulating evidence
suggests that EMT is the initiation step of cancer metastasis
involving the downregulation of epithelial markers, such as
E-cadherin and upregulation of mesenchymal markers, such
as N-cadherin.>*** Various signaling pathways are involved
in the induction of EMT, include TGF-B1, Wnt-B-catenin,
Notch, Hedgehog, and tyrosine kinases.***> TGF-B1 is an
inflammatory cytokine and a promoter and supporter of
EMT.*® In PDAC, TGF-pl has been shown to induce
EMT and association between TGF-f1 induced gene
expression and clinical outcomes have been described.>’**
Mechanically, TGF-B1 induces phosphorylation cascade of
downstream cytoplasmic substrates, such as the SMAD
proteins, and has been purposed to further affects
epithelial/mesenchymal differentiation, activation of PI3K-
AKT pathway, induction of angiogenesis via activating
vascular endothelial growth factor and metalloproteases
(MMPs).** 0 1t is possible that as a downstream effect,
TGF-Bl-induced EMT further intensified the inflamed
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Figure 4 Paeonol attenuated the migration-promoting ability of TGF-B1. (A, B) Scratch wound-healing assay. Cell migration of Panc-1 and Capan-| cells treated with or
without Paeonol (100uM) and with or without TGF-BI (10ng) for 48 hrs was assessed by restoring scratches and comparing with the area of the initial scratch
(magnification: 100x); (C) The effects of Paeonol (100uM) treated with or without TGF-BI (10ng) for 48 hrs on Panc-1 and Capan-| cells migration were examined
using chamber assays (magnification: 40x); (D, E) Histogram, based on five random fields of three independent experiments selected for statistical analysis, showed the
number of invaded cells; (F, G) Histogram, based on Panc-1 and Capan-| cell migrations were assessed by restoring scratches and the repair of the initial scratched area. All
results are representative of three independent experiments. *P<0.05, **P<0.01, as compared with the non-treated control group.

tumour microenvironment and contributes to cancer pro-
gression. These suggest that the inhibition of TGF-f1 and
suppression of EMT may be effective for the treatment of
cancer.

Paeonol is a natural phenolic compound that is often
found in various of herbs and has been shown to exert anti-
tumour, anti-oxidant and anti-inflammatory effects. It has
been reported that the cancer growth inhibition effects of
Paeonol involve COX-2/PGE2, TNF-a, caspase-cascade,
MAPK pathway, PI3K-AKT pathway, etc.'*!74!42
Contrary to its relatively well established anti-proliferative
and apoptosis-inducing effects in the literature, relatively
few works have been published, documenting the role of
Paeonol in metastasis. The anti-metastatic activities of
Paeonol on human fibrosarcoma and chondrosarcoma cells
have been previously reported.”>° Furthermore, previous
studies have shown that Paeonol inhibits invasion and
migration of gastric cancer cells by down-regulating the
MMPs.”
especially in PDAC, lack conclusive evidence. In the

However, the anti-metastatic effects of Paeonol,

absence of other known studies on the anti-migration and

anti-invasion activities of Paeonol, we aim to further inves-
tigate the activities of Paeonol on migration and invasion
and its underlying mechanisms.

In our study, we investigated the effects of Paeonol on
ameliorating TGF-B1-induced PDAC cell migration, inva-
sion and EMT. First, PDAC cells were exposed to various
concentrations of Paeonol for 24, 48 and 72 hrs to deter-
mine the appropriate concentrations. Since 100uM and
150uM Paeonol effectively inhibited PDAC cell migration
and invasion without inducing apparent cell proliferation
arrest, these two doses were used in our experiments.
Next, as reported in previous studies, 10 ng/mL of TGF-
B1 effectively induced epithelial-mesenchymal transition
and promoted PDAC cell migration and invasion.***** We
then affirmed the effect of this dose in both cell lines that
TGF-B1 induced PDAC cells to transform their morphol-
ogy from an epithelial to a mesenchymal morphology. Our
results demonstrated that EMT played a crucial role in the
malignant behavior of PDAC, and TGF-B1 promoted cell
migration,

while Paeonol suppressed migration in

a concentration-dependent manner.
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Figure 5 Paeonol attenuated mesenchymal characteristics promoting the effect of TGF-B1. (A) Morphological changes of Panc-| and Capan-| cells after 48 hrs of treatment with
or without Paeonol (100uM) and with or without TGF-B 1 (10ng). Arrows indicate cell shapes representing mesenchymal phenotypes; (B, C) Western blot analysis of protein levels
of E-cadherin, Vimentin in Panc-1 and Capan-| cells treated with or without Paeonol (1001M) and with or without TGF-B1 (10ng) for 48 hrs; (D, E) Histograms show the change of
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Figure 6 Schematic diagram of the molecular mechanisms of Paeonol’s the anti-migration and anti-invasion effects in PDAC. Paeonol could potentially inhibit migration and
invasion of Panc-1 and Capan-| cells by suppressing the activation of TGF-B1/SMAD signaling pathway and suppressing EMT in PDAC.

The TGF-B1/Smad signaling pathway is involved in
many diseases, including cardiovascular diseases, neurologi-
cal disorders and cancers.*> *" In the early stages of tumor-
igenesis, TGF-B1 acts as a tumour suppressor and inhibits
tumour by inducing cell cycle arrest and apoptosis.*® As the
tumour progresses, the role of TGF-B1 changes into a tumour
promoter and induces EMT, promoting resistance to apopto-
sis, migration, invasion, and metastasis.*> Nie et al showed
that the combination of Paconol and Panax notoginsenosides
can inhibit the TGF-B1/Smad signaling pathway in ventricu-
lar remodeling after myocardial infarction in rats.** Wu et al
reported that Paeonol alleviated CCl4-induced liver fibrosis
in mice models and inhibited the activation of hepatic stellate
cells by inhibiting the TGF-B1/Smad3 signaling pathway.>
In our studies, Paconol markedly suppressed the phosphor-
ylation of Smad2 and Smad3. Furthermore, our results
showed a significant increase in the mesenchymal markers
Vimentin and N-Cadherin under TGF-B1 stimulation, which
was restrained by Paeonol. These findings indicated that
Paeonol may prevent the development of EMT by regulating
the TGF-B1/Smad signaling pathway in pancreatic cancer.

Our research has some limitations. First, we investigated
the role and mechanism of Paeonol in cultured PDAC cells.
However, we did not establish animal models of PDAC,
such as murine xenografts or orthotropic models. Second,
we elucidated the anti-migration and anti-invasion effects of
Paeonol on EMT by a TGF-$1/Smad-dependent pathway;
however, other signaling pathways are involved in EMT and
cancer migration and invasion. It is necessary to further
study the mechanism of action of Paeonol in PDAC cell
lines and animal models to further determine its anti-cancer
effect and the interaction between tumour inflammatory
environment and metastasis. Moreover, whether Paeonol
can be applied to the treatment of pancreatic cancer requires
further experiments.

Conclusions

In conclusion, in the present study, Paeonol was found to
exert anti-migration and anti-invasion effects in PDAC
cells, at least in part due to its anti-inflammatory effects.
The underlying mechanism of its anti-cancer effect may
involve the inhibition of the TGF-B1/Smad signaling and
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EMT. Our study provided a scientific evidence for the
potential therapeutic value of Paeonol in the treatment of
pancreatic cancer.
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