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INTRODUCTION

Pancreatic ductal adenocarcinoma (PDAC) is one of the most 
aggressive and lethal types of cancers with a 5-year overall 
survival rate of only 5%, which is the second common causes 
of cancer-related mortality in gastroenterology.1 In recent years, 

the worldwide incidence of pancreatic cancer has steadily in-
creased. In China, the incidence of pancreatic cancer also in-
dicates an increasing tendency: the morbidity is 7.28/100000 
(the 7th in malignant cancers) and the mortality is 6.61/100000 
(the 6th in malignant cancers).2 However, radical surgery is 
not possible in the majority of pancreatic cancer patients, be-
cause of ambiguous clinical symptoms and early metastasis 
to the adjacent tissues and lymph glands. Only 39.7% of cases 
were histologically verified (surgery with histologic diagnosis 
31.0%, cytological diagnosis 8.7%, surgery without histologic 
diagnosis 12.1%, and clinical diagnosis 48.2%). Overall, 30.0% 
of patients undergo curative-intent operation, and only 9.8% 
of patients receive comprehensive treatment.3 Even after suc-
cessful removal of the tumor, the median survival varies be-
tween 18 and 25 months. Early invasion and dissemination of 
tumor cells are well-known factors contributing to this out-
come. It is, therefore, extremely significant to identify the 
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complex mechanism on the pancreatic carcinogenesis and 
develope new therapeutic approaches.

Epithelial-to-mesenchymal transition (EMT) is a cellular 
process during which epithelial cells lose their polarized orga-
nization and cell-cell junctions, resulting in changes of cell 
shape and cytoskeletal organization and acquire mesenchy-
mal characteristics, such as fibroblast-like cell morphology 
and increased cell migration and invasion.4 EMT plays an im-
portant role in cancer metastasis in several human malignan-
cies, including pancreatic cancer. The genetic and epigenetic 
changes typical for cancer cells, such as the activation of on-
cogenes and the inactivation of tumor suppressors, can act in 
concert with the EMT program, which is of potential impor-
tance for this rapid tumor progression negatively affecting the 
overall survival of pancreatic cancer patients.5 Therefore, inhi-
bition of EMT in pancreatic cancer cells may facilitate the de-
velopment of an effective strategy in the prevention and/or 
treatment of metastatic pancreatic cancer.

Pseudolaric acid B (PAB) is a diterpene acid isolated from the 
root and trunk bark of Pseudolarix kaempferi Gord. It has many 
functions, such as antifungal, antifertility, and cytotoxic activi-
ties. Recent studies have demonstrated its potent inhibition of 
cell growth of cancer cells, such as lung cancer,6 breast cancer,7 
thyroid squamous cell carcinoma8 and gastric cancer.9 The 
anti-tumor action of PAB involves the induction of senescence 
through activation of the p53 pathway6,7 and autophagy,8 and 
via the Cox-2/PKC-α/P-gp pathway.9 However, there are few 
researches on the effect of PAB on pancreatic cancer cells. Thus, 
the aim of the present study was to investigate the antitumor 
effect and mechanism of PAB on pancreatic cancer.

MATERIALS AND METHODS

Cell culture
The pancreatic cancer cell line SW1990 was maintained in 
RPMI 1640 (Invitrogen, Carlsbad, CA, USA) supplemented with 
10% fetal bovine serum (FBS; Invitrogen), 100 U/mL penicillin 
G and 100 μg/mL streptomycin and cultured in a humidified 
atmosphere of 5% CO2 at 37°C. In the logarithmic growth phase, 
these cells were collected and were prepared as cell suspen-
sions at a density of 5×104 cells/mL. They were then cultured in 
a six-well plate with 3 mL per well. When cells grew to 80–90% 
confluent, the experimental groups were treated with PAB 
(Medicine College of the Ocean University, Qingdao, China) 
at 0.5, 1, 2, 4, and 8 μmol/L for 24 h. Other experimental groups 
were treated with PAB at 4 μmol/L for 24, 48, and 72 h, respec-
tively. Cell population was determined by MTT assay. In the 
control group, cells were incubated in the absence of PAB. 

Cell proliferation analysis 
MTT method was used to evaluate cell proliferation. Cells treat-
ed with PAB at 0.5, 1, 2, 4, and 8 μmol/L for 0, 24, 48, and 72 h 

were seeded into 96-well plate at a density of 1×104 cells/well 
in 200 μL of medium. At each time point, the culture medium 
was replaced with fresh medium containing MTT [5 mg/mL in 
phosphate-buffered saline (PBS), 200 μL/well] and incubated 
for an additional 4 h. Following incubation, medium was dis-
carded and dimethyl sulfoxide (150 μL/well; Sigma-Aldrich) 
was added to each well for 10 min. The results were analyzed 
by an automated plate reader at 490 nm (Bio-Rad, Hercules, 
CA, USA).

Cell invasion assays
Cell invasion was measured by Matrigel-precoated Transwell 
inserts (8.0 mm pore size with polyethylene terephthalate 
membrane) according to the manufacturer’s protocol. Briefly, 
cells treated with PAB at 0.5, 2, 4, and 8 μmol/L were seeded in 
the upper chamber, and DMEM medium with 10% FBS was 
added into the lower chamber. After 24 h of incubation, cells 
that passed through the lower side of the membrane were 
stained with crystal violet for 15 min, and quantified by count-
ing six high-powered fields in the center of each well. The cells 
that invaded through the matrigel and reached the lower sur-
face of the filter were quantified by counting the number of 
cells that migrated in three random microscopic fields per filter 
at a magnification of ×200 (Olympus Corporation, Tokyo, Japan).

Quantitative real-time polymerase chain reaction 
Quantitative real-time polymerase chain reaction (qRT-PCR) 
amplification was carried out using the Power SYBR Green PCR 
Master Mix (TaKaRa, Ohtsu, Japan) in ABI PRISM 7900 Se-
quence detection system. Total mRNA from SW1990 cells in-
cubated with PAB in different doses and times was extracted 
using Trizol (Invitrogen) according to the manufacturer’s pro-
tocol. Reverse transcriptions were carried out using 500 ng of 
RNA and High Capacity RNA-to-cDNA kit (TaKaRa, Japan).

After treated with PAB at 0.5, 1, 2, 4, and 8 μmol/L for 24 h 
and treated with PAB at 4 μmol/L for 24, 48, and 72 h, the mark-
ers of EMT, such as, E-cadherin, N-cadherin, vimentin, Snail, 
Slug, and the key molecules of Hippo-YAP signaling pathway 
and Hedgehog signaling pathway (British Abcam company, 
Cambridge, UK) were tested. The primer sequences used for 
PCR amplification were shown in Table 1. The relative expres-
sion of mRNAs was normalized to GAPDH. The qRT-PCR re-
action system was as follows: cDNA, 1 μL; double-distilled 
water, 3.4 μL; Tip Green qPCR SuperMix, 5 μL; passive refer-
ence dye (×50), 0.2 μL; forward primer (10 μmol/L), 0.2 μL; re-
verse primer (10 μmol/L), 0.2 μL. The total volume of the sys-
tem was 10 μL. The reaction conditions were 95°C for 30 s first, 
followed by 95°C for 5 s, and finally 60°C for 30 s, in all 40 cy-
cles. Meanwhile, a 65°C to 95°C solubility curve was construct-
ed. The results were expressed as mean±standard deviation 
(SD) and the comparative quantitative threshold cycle (ΔΔCt) 
method.
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Western blot analysis
After treated with PAB at 4 μmol/L for 24, 48, and 72 h, cell ly-
sates were harvested using RIPA buffer and proteins were re-
solved in 10% SDS-polyacrylamide gels, followed by electro-
phoretical transfer to polyvinylidene difluoride membranes. 
After blocking, the membrane was probed with rabbit poly-
clonal antibodes specific for human E-cadherin, N-cadherin, 
vimentin, fibronection, Snail and Slug (British Abcam compa-
ny, 1:1000 dilution) at 1:1000 dilution, and human YAP, pYAP, 
and GAPDH (Santa Cruz, CA, USA, 1:1000) antibodies over-
night at 4°C. After incubation with horseradish peroxidase-
conjugated anti-human secondary antibodies (Santa Cruz, 
1:5000) for 1 h at room temperature, blots were visualized by 
using the Odyssey Infrared Imaging System (LI-COR Biosci-
ences, Lincoln, NE, USA). Detection of GAPDH on the same 
membrane was used as a loading control. After chemilumines-
cence with a commercial assay, the target bands were detect-
ed with chemiluminescence imaging system and analyzed by 
gel image-processing system. The protein levels were normal-
ized against GAPDH. 

Animal studies
The animal experiments were performed in accordance with 
China Animal Protection Law, and the protocols were approved 

by the Animal Care and Use Committee of the Affiliated Hos-
pital of Qingdao University. Female BALB/c mice (nu/nu; 4 
weeks old, 18−22 g weight) were purchased from the Shang-
hai SLAC Animal Center (Shanghai, China). Total 200 µL of 
SW1990 cell suspension at a density of 5×106 cells/mL were 
injected beneath the axillary dorsal skin to establish the sub-
cutaneously transplanted tumor animal model. After patho-
logical confirmation and the longest diameter of the subcuta-
neous tumor had attained a size of 0.5 cm, 96 subcutaneous 
tumor-burdened nude mice were randomly divided into the 
following four groups and they then received subcutaneous 
multipoint injections: 1) the control group, which received 2 
mg/mL PBS (0.9% sodium chloride); 2) the PAB group, which 
received 4 μmol/L PAB dissolved in PBS; 3) the gemcitabine 
group, which received 125 mg/kg gemcitabine dissolved in 
PBS; and 4) the combination group, which received both PAB 
(4 µmol/L) and gemcitabine (125 mg/kg) three times per week 
for at least 8 weeks. The drug toxicity was evaluated by the in-
hibition of tumor volume. Tumor volume (V) was calculated by 
the formula: V=0.5×length×width2. Inhibitory rate was calcu-
lated using tumor mass volume and weight.

Statistical analysis
All data were obtained from at least three independent experi-
ments. Values were expressed as means±SD. Statistics were 
calculated with SPSS 19.0 (IBM Corp., Armonk, NY, USA). Mul-
tiple comparisons between control group and groups treated 
at different concentrations of PAB or on different time points 
were assessed by one-way ANOVA and Fisher protected least 
significant difference tests. The difference between groups was 
considered statistically significant with a value of p<0.05.

RESULTS

PAB inhibited the proliferation and invasion ability 
of SW1990 cells in vitro 
To investigate the effect of PAB on SW1990 cells, the prolifera-
tion of SW1990 cells was detected by MTT. The results showed 
that the proliferation of this cell line was markedly reduced with 
the increase of dose and treated time of PAB (p<0.01), demon-
strating that PAB played a negative role in the regulation of 
SW1990 cell proliferation in a dose-dependent and time-de-
pendent manner (Fig. 1A). Potential impact of PAB on pancre-
atic cancer cells invasion was researched. As shown in Fig. 1B 
and C, there were 228±5 SW1990 cells in the control group 
passed through the Transwell micropores after 24 h. After treat-
ment with PAB at different concentrations (0.5, 2, and 4 μmol/
L), the mean number of SW1990 cells passed through the Tran-
swell micropores were 53±6, 86±8, and 159±7, respectively, af-
ter 24 h (p<0.01). These data revealed a novel mechanism that 
PAB inhibited SW1990 cell invasion in a dose-dependent 
manner. 

Table 1. Primers of the Markers of Epithelial-to-Mesenchymal Transi-
tion and Hippo-YAP Signal Pathway

E-cadherin
Forward: 5’GCCTCCTCAAAAGAGAGTGGAAG3’
Reverse: 5’TGGCAGTGTCTCTCCAAATCCG3’

N-cadherin
Forward: 5’ GCCGTGAGAAGCTTTCCACTC3’
Reverse: 5’TTAAGGTTGGCTTCAGGCTCAA3’

Fibronectin
Forward: 5’ACAACACCGAGGTGACTGAGAC3’
Reverse: 5’GGACACAACGATGCTTCCTGAG3’

Vimentin
Forward: 5’AGGCAAAGCAGGAGTCCACTGA3’
Reverse: 5’ATCTGGCGTTCCAGGGACTCAT3’

Snail
Forward: 5’ AGCAGGAAGGACCCCACATC 3’
Reverse: 5’ GCAGAGGACACAGAACCAGAAA3’  

Slug
Forward: 5’ATCTGCGGCAAGGCGTTTTCCA3’
Reverse: 5’GAGCCCTCAGATTTGACCTGTC3’

YAP
Forward: 5’ TGAACAAACGTCCAGCAAGATAC 3’
Reverse: 5’CAGCCCCCAAAATGAACAGTAG3’

MST1
Forward: 5’ AGCCGCAGTTCACGTTTACCT3’
Reverse:5’GATCCACCCTCTTGCCACACT3’ 

TEAD1
Forward: 5’CAAGGTTTGAGAATGGCCGAT3’
Reverse:5’AAACACACAGGCCATGCAGAG3’

Smoothened
Forward: 5’CCATTCCTCGACTGCCTCAG3’
Reverse:5’TCCGAGTCTGCATCCATGAGT3’

GLI1
Forward: 5’TATGGACCTGGCTTTGGA3’
Reverse:5’CCTATGTGAGCCCTATTTGC3’

Sip1
Forward: 5’GAGTTGATGCCTCGGCTATTGC3’
Reverse:5’CTGGACATTGAGCTCCTTCGATC3’

GAPDH
Forward: 5’ACGGATTTGGTCGTATTGGG3’
Reverse: 5’TGATTTTGGAGGGATCTCGC3’
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PAB inhibited the EMT in pancreatic cancer cells
RT-PCR analysis showed that the EMT marker mRNA expres-
sion level changed significantly after treatment with 4 μmol/L 
of PAB for different times (Fig. 2A). With the prolongation of 
time, PAB could markedly decrease the expression of vimen-
tin, fibronectin, N-cadherin, Snail, and Slug, whereas the ex-
pression of E-cadherin was increased. Similar finding was also 
obtained after treatment with different concentrations of PAB 
(0.5, 1, 2, 4, and 8 μmol/L) for 24 h; the mRNA levels of vimen-
tin, fibronectin, N-cadherin, Snail, and Slug were reduced, 
while the mRNA level of E-cadherin increased with the increas-
ing concentration of PAB (Fig. 2B). The same tendency was 
demonstrated by western blotting result.

PAB suppressed the EMT of pancreatic cancer cells 
through Hippo-YAP pathway
To explore the potential mechanism of PAB in suppressing the 
proliferation and invasion of pancreatic cancer cells, we also 
screened Hippo-YAP signaling pathway potential target genes. 
The results indicated that YAP and its downstream genes, 
TEAD1, were significantly decreased by PAB in time- and dose 
dependent manners, whereas the expression levels of the Hip-
po upstream gene, MST1, were prominently increased (p< 
0.01) (Fig. 3A and B), respectively. We further confirmed the 
protein levels of YAP and pYAP by Western-blotting (Fig. 3C). 
After treatment by PAB, the protein level of YAP was decreased 
(Fig. 3D), whereas that of pYAP was increased (Fig. 3E) (p< 
0.01). These results suggested that up-regulation of PAB sup-
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pressed the EMT of pancreatic cancer cells through Hippo-
YAP pathway.

PAB sensitized pancreatic cancer cells to 
chemotherapeutic drugs in vivo
Based on the aforementioned results, we further evaluated the 
therapeutic effect of PAB plus gemcitabine treatment using an 
in vivo xenograft mouse model. There were no significant dif-
ferences among the groups prior to treatment. The inhibitory 
rates of PAB, gemcitabine, and combination groups were 36.9, 
37.4, and 85.2% respectively, which were much more than that 
of control group (p<0.01). Furthermore, treatment with PAB 
plus gemcitabine resulted in significantly smaller tumors than 
in control mice (p<0.05), or mice treated with gemcitabine or 
PAB alone (p<0.05) detected by tumor morphology (Fig. 4A) 
and tumor volume (Fig. 4B). These results suggested that PAB 

dramatically sensitized gemcitabine resistance. Taken together, 
these findings suggested that PAB sensitizeed pancreatic can-
cer cells to gemcitabine in vivo.

DISCUSSION

In the present study, we found that PAB inhibited the prolifer-
ation and invasion of pancreatic cancer cell line SW1990. By 
PAB, the expressions of vimentin, fibronectin, N-cadherin, 
Snail, and Slug were significantly down-regulated, while E-cad-
herin expression was significantly up-regulated. Accompa-
nied with the change of EMT markers, Hippo pathway target 
genes YAP, TEAD1, and apoptin Survivin were down-regulated, 
while caspase-9 and MST1 were up-regulated in a time-depen-
dent manner. These results together identified that PAB inhib-
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its cell proliferation and invasion through activating Hippo-
YAP pathway and inhibiting the process of EMT, which may be 
an effective strategy in the prevention and/or treatment of pan-

creatic cancer. 
PAB has been demonstrated to exert a potent antitumor ef-

fect on MCF7 human breast cancer cell,7 thyroid squamous 
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cell carcinoma,8 and gastric cancer9 through activating autoph-
agy, arresting cell cycle, and down-regulating the Cox-2/ PKC-
a/P-gp/mdr1 signaling pathway. However, there are few stud-
ies on pancreatic cancer cells. Our study found that PAB could 
inhibit pancreatic cancer cell proliferation and induce apopto-
sis time- and dose-dependently. 

PDAC is the most common invasive cancer, which is very 
easy to metastasize even in an early stage. Numerous studies 
have suggested that EMT contributes to early-stage dissemi-
nation of cancer cells and is pivotal for invasion and metasta-
sis of PDAC.10,11 The epithelial cells of pancreatic cancer ac-
quire mesenchymal phenotype by EMT to increase the ability 
of anti-apoptosis, migration, and invasion. Suppression of 
EMT leads to an increase in cancer cell proliferation with en-
hanced expression of nucleoside transporters in tumors, con-
tributing to enhanced sensitivity to gemcitabine treatment and 
increased overall survival of mice.11 In the pancreatic cancer 
tissue, the defect of E-cadherin is positively correlated with 
the differentiation of pancreatic cancer and lymph node me-
tastasis. Increased fibronectin or vimentin and decreased E-
cadherin correlated with high metastatic potential12 and poor 
survival.5 Our present study showed that PAB treatment in vi-
tro significantly decreased invasive ability of SW1990 cells. 
The longer the PAB treatment, the stronger the ability to in-
hibit the SW1990 cells invasion. Meanwhile, we found that the 
expression of EMT markers exhibited corresponding changes; 
The expression of epithelial marker protein E-cadherin was 
significantly up-regulated, while the expressions of mesen-
chymal marker proteins, such as N-cadherin, vimentin, and fi-
bronectin,13 were down-regulated. EMT has earlier been shown 
to be significantly inhibited by PAB. Therefore, we speculate 
that PAB inhibits the migration of pancreatic cancer cells by 
changing the EMT marker proteins. 

Snail and Slug are the members of Snail superfamily and the 
transcriptional repressor of E-cadherin. Their increased ex-
pression facilitates the association with EMT and enhances in-
vasion ability of the cancer cells.14 Up-regulation of Slug is sig-
nificantly correlated with a higher tumor stage, and the E- to 
N-cadherin switch in bladder cancer cells and tissues promotes 
EMT, and increases cell invasiveness and chemoresistance.15 

Our present experiment indicated that PAB down-regulated 
the expressions of Snail and Slug at protein and mRNA levels, 
suggesting that PAB inhibits the invasion ability of pancreatic 
cancer cells by down-regulating the transcription factor Snail 
and Slug, and up-regulating the expression of E-cadherin.

YAP is the key effect factor of Hippo signaling pathway and 
is a candidate oncogene implicated in the EMT and the meta-
static potential of mammary epithelial cells.16 Overexpression 
of YAP induces EMT in different cell lines and anchorage-in-
dependent proliferation of pancreatic epithelial cell.17,18 Our re-
sults showed that, with the prolong of effected time of PAB, MST 
mRNA level was elevated and the expression levels of YAP 
mRNA and protein were declined gradually, while pYAP pro-

tein level increased and TEAD1 mRNA level decreased, sug-
gesting that PAB could prompt YAP phosphorylation through 
MST. After phosphorylation, pYAP assembles in cytoplasm 
and cannot go into nucleus, thus weakening the effect of YAP 
as a kind of cancer gene, and inhibiting the transcription of 
downstream genes and the proliferation of pancreatic cancer 
cells. 

In the present study, we provided evidence that PAB con-
tributed to drug resistance in pancreatic cancer. To examine 
the antitumor effect of PAB in vivo, we treated pancreatic can-
cer mouse model with PAB, gemcitabine or a combination of 
both. Our results showed that the combination treatment led 
to a significant inhibition of tumor growth compared to treat-
ment with either agent alone. Therefore, the combination of 
gemcitabine with PAB could achieve a greater therapeutic ef-
fect, a beneficial characteristic of combination therapy with 
two or more chemotherapeutics. EMT contributes to drug re-
sistance in pancreatic cancer.19 Thus, PAB inhibited EMT in 
pancreatic cancer cells, thus potentially facilitating the devel-
opment of an effective strategy in the prevention and/or treat-
ment of metastatic pancreatic cancer.

In conclusion, we found that PAB inhibited pancreatic can-
cer cells proliferation in a dose- and time-dependent manners 
through activating Hippo-YAP pathway and inhibiting the 
process of EMT. PAB also synergized with gemcitabine against 
pancreatic cancer, implicating potential application of PAB in 
pancreatic cancer therapy. However, further studies, includ-
ing preclinical studies and clinical trials, are needed to con-
firm our strategy for the treatment for pancreatic cancer.
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