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Abstract: The epithelial-mesenchymal transition (EMT) is an important cellular process during which epithelial polar-
ized cells become motile mesenchymal-appeared cells, which, in turn, induces the metastasis of cancer. Baicalin 
is one of the main bioactive flavone glucuronides derived as a medical herb from the dried roots of Scutellaria ba-
icalensis Georgi, and has been shown to possess anticancer activity. However, no detailed studies have so far been 
reported on its action on human pancreatic cancer. The aim of this study was to investigate the potential functions 
and molecular mechanisms of baicalin as an inhibitor of the transforming growth factor-β1 (TGF-β1)-induced EMT in 
human pancreatic cancer cells. In this study, we demonstrated that baicalin inhibited TGF-β1-induced EMT, as well 
as the expression of Snail and Slug in PANC-1 cells. Baicalin also inhibits cell migration and invasion during inhibi-
tion of TGF-β1-induced EMT. Moreover, baicalin inhibits phosphorylation of Smad2 and Smad3 during inhibition of 
TGF-β1-induced EMT. Taken together, our results showed that baicalin inhibited the TGF-β1-induced EMT and sup-
pressed pancreatic cancer cell migration and invasion through inhibiting Smad signal pathway. Thus, baicalinmay 
have potential as therapeutic or supplementary agents for the treatment of pancreatic cancer.
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Introduction

Pancreatic cancer is the fourth most common 
cause of cancer-related deaths worldwide. 
Despite improvements in surgical and chemo-
therapeutic approaches over the past decades, 
the average overall 5-year survival rate is less 
than 5% [1]. One contributor to the poor progno-
sis is the limited understanding of the patho-
genesis of pancreatic cancer. Therefore, it is 
important to elucidate the molecular mecha-
nisms associated with the occurrence, develop-
ment and metastasis of pancreatic cancer.

The epithelial-mesenchymal transition (EMT) 
refers to the transdifferentiation of epithelial 
cells into mesenchymal cells under certain 
physiological and pathological conditions. EMT 
occurs in a variety of processes, such as embry-
onic development, wound healing, fibrosis, and 
early stage tumor metastasis [2-4]. It is well 
known that transforming growth factor-β (TGF-
β) is a well-known inducer of EMT in various 
cancer cells [5, 6]. During TGF-β1-induced EMT, 

the morphological transition of epithelial cells 
into fibroblastoid-like or mesenchymal-like cells 
occurs and this results in the loss of epithelial 
markers such as E-cadherin and γ-catenin and 
the gain of mesenchymal markers such as 
N-cadherin and vimentin [7]. Thus, inhibiting 
TGF-β1-induced EMT of pancreatic cancer cells 
may be a therapeutic method for human pan-
creatic cancer.

Baicalin is one of the main bioactive flavone 
glucuronides derived as a medical herb from 
the dried roots of Scutellaria baicalensis Georgi. 
Baicalin has been shown to possess anti-bac- 
terial, and anti-inflammatory and anti-oxidant 
properties [8-10]. It has also been shown to 
exert a potential for anticancer activity against 
various human cancers [11-13]. Shu et al. 
reported that baicalin significantly inhibited ce- 
ll growth and colony-formation, induced cell 
apoptosis in human gallbladder carcinoma cells 
in vitro [14]. Baicalinaslo reduced the TGF-β1-
mediated EMT, anchorage-independent growth 
and cell migration of human breast cancer cells 
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[15]. However, no detailed studies have so far 
been reported on its action on human pancre-
atic cancer. The aim of this study was to inves-
tigate the potential functions and molecular 
mechanisms of baicalin as an inhibitor of the 
TGF-β1-induced EMT in human pancreatic can-
cer cells.

Materials and methods

Cell culture

Human pancreatic cancer cell line PANC-1 was 
obtained from American Type Culture Collecti- 
on (ATCC, Manassas, VA, USA) and cultured in 
Dulbecco’s modified Eagle’s medium (DMEM, 
Sigma-Aldrich, St. Louis, MO, USA) supplement-
ed with 10% fetal bovine serum (FBS, Sijiqing 
biochemical, Hangzhou, China) and maintained 
at 37°C in a 5% CO2 atmosphere.

Cell proliferation assay

Cells were washed with serum-free RPMI-1640 
medium and incubated overnight under a se- 
rum-free condition. Cells (1 × 104 cells per well) 
were seeded in triplicate on a 96-well plate and 
incubated overnight before treating with bai- 
calin (5, 10 and 20 μM) (Sigma-Aldrich, St. 
Louis, MO, USA) for 24 h. After incubation, 100 
ml of medium containing 0.5 mg/ml MTT (Si- 
gma-Aldrich, St. Louis, MO, USA) was added to 
each well for 4 h. The medium was then re- 
moved and the formazan crystals were solubi-
lized in dimethylsulfoxide. The mean absor-
bance at 570 nm in each set of samples was 
measured using a 96-well plate reader (Dy- 
natech, Chantilly, VA, USA).

Reverse transcription-polymerase chain reac-
tion (RT-PCR)

Total RNA was extracted from PANC-1 cells 
using the RNeasy Kit (Qiagen, Hilden, Germany) 
using TRIzol reagent (Invitrogen, Carlsbad, CA, 
USA), and first-strand cDNA was synthesized 
from 10 μg total RNA using random primers 
and Superscript II reverse transcriptase (In- 
vitrogen Life Technologies, Carlsbad, CA). The 
quantitative PCR analysis was done using an 
ABI PRISM 7700 Sequence Detector System 
and the SYBR Green PCR Master Mix kit (Ap- 
plied Biosystems, Wellesley, MA), according to 
the manufacturer’s suggestions. The primer 
sequences used in this study are as follows: 
Snail Forward: 5’-TCGGAAGCCTAACTACAGCGA- 
3’; Reverse: 5’-AGATGAGCATTGGCAGCGAG-3’. 

Slug Forward: 5’-CGAACTGGACACACATACAGTG- 
3’ Reverse: 5’-CTGAGGATCTCTGGTTGTGGT-3’. 
GAPDH Forward, 5’-AGAAGGCTGGGGCTCATT- 
TG-3’; Reverse: 5’-AGGGGCCATCCACAGTCTTC- 
3’. Quantitative real-time PCR data were calcu-
lated by the 2-ΔΔCT method.

Western blot

Cells were harvested using RIPA lysis buffer 
(Solarbio, Beijing, China) supplemented with 
PMSF protease inhibitor (Solarbio, Beijing, Chi- 
na). The protein concentrations of the samples 
were determined using a protein quantitation 
kit (Invitrogen, Carlsbad, CA, USA). In total, 30 
μg of the cell lysates were resolved by sodium 
dodecyl sulfate polyacrylamide gel electropho-
resis (SDS-PAGE) and transferred to polyvinyli-
dene fluoride (PVDF) membranes (Pall). Me- 
mbranes were blocked for 2 h in 5% nonfat 
dried milk. Membranes were incubated with 
specific antibodies at 4°C overnight. The follow-
ing primary antibodies were used in this study: 
anti-N-cadherin, anti-E-cadherin, anti-vimentin, 
anti-Snail, anti-Slug, anti-p-Smad2, anti-Sma- 
d2, anti-p-Smad3, anti-Smad2 and anti-GAPDH 
(Santa Cruz Biotechnology, Santa Cruz, CA, 
USA). The membranes were then incubated 
with the corresponding fluorescent secondary 
antibodies (Odyssey). Reactive bands were vi- 
sualized with enhanced chemiluminscent rea- 
gents (GE Healthcare, Piscataway, NJ).

Transwell assay

Transwell chambers (Corning, USA) with an 
8-μm pore were used to assess migration in 
24-well plates. After treatment with baicalin, 
cells at a density of 1 × 105/ml in FBS-free 
DMEM, was seeded into the upper chambers. 
The lower chambers were filled with DMEM con-
taining 10% FBS as a stimulatory factor. The 
chambers were incubated in a humidified tis-
sue culture incubator at 37°C, 5% CO2 atmo-
sphere. After 48 h, cells on the upper side of 
the membrane were wiped off, the membranes 
were fixed with 95% ethanol for 20 min, stained 
by crystal violet for 30 min, and counted using 
a microscope with a 40 × objective.

To assess cell invasion, BioCoat Matrigel (Sig- 
ma, St. Louis, MO, USA) (300 μg/ml, 100 μl per 
chamber) was applied to the upper insert cham-
bers 3 h before following the procedure for the 
migration assay described above.
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Statistical analysis

All experiments were carried out in triplicate 
and repeated independently at least three 
times. Data are presented as means ± SD 
(standard deviation). Statistical significance 
was assessed by the one-way analysis of vari-
ance (ANOVA). P<0.05 was considered to indi-
cate statistical significance.

Results

Effect of baicalin on the viability of PANC-1 
cells

We measured the effect of baicalin on PANC1-1 
cell viability. As shown in Figure 1, we observed 
that concentrations of baicalin below 10 μM 
had no influence on cell proliferation, however, 
while 20 μM baicalin remarkably inhibited 
PANC-1 cell proliferation. Therefore, the cells 
were treated with selected doses (5 μM and 10 
Μm baicalin) in subsequent experiments.

Baicalin suppresses TGF-β1-induced EMT in 
PANC-1 cells

A growing body of evidence indicates that TGF-
β1 significantly decreases E-cadherin expres-
sion and concomitantly increases N-cadherin 
and vimentin expression. So, in order to investi-
gate the role of baicalin during the TGF-β1-
induced EMT, we examined the effect of 
baicalin on expression of E-cadherin, N-ca- 
dherin and vimentin in TGF-β1-induced PANC-1 
cells. As indicated in Figure 2, TGF-β1 obvious- 
ly reduced the expression of E-cadherin, and 
increased the expression of N-cadherin and 
vimentin, as compared with the control group. 
Whereas, baicalin significantly reversed this 
effect. These results suggest that baicalin sup-
presses TGF-β1-induced EMT in PANC-1 cells.

Baicalin suppresses TGF-β1-induced snailand 
slug in PANC-1 cells

It has been reported that many transcrip- 
tion factors, including Snail (also called Snail1), 
Slug (also called Snail2) and ZEB1/2 could  
suppress the expression of E-cadherin. The- 
refore, we asked whether these transcription 
factors could be involved in the effects of 
baicalin on the TGF-β1-induced EMT of PANC-1 
cells. As shown in Figure 3A, treatment of 
PANC-1 cells with baicalin decreased the mRNA 

Figure 1. Effects of baicalin on the viability of PANC-1 
cells. PANC-1 cells (1 × 104/well) in 96-well plates 
were pretreated with various concentrations of ba-
icalin (5, 10 and 20 μM) for 24 h, and the MTT assay 
was performed to detect cell viability. All experiments 
were repeated at least three times. Data are means 
± SD. *P<0.05 compared with the control group.

Figure 2. Baicalin suppresses TGF-β1-induced EMT 
in PANC-1 cells. PANC-1 cells were pretreated with 
the indicated concentration of baicalin for 2 h and 
then stimulated with TGF-β1 (5 ng/ml) for 24 h. A. 
The mRNA expression levels of E-cadherin, N-cad-
herin and vimentin were assayed by qRT-PCR. Rela-
tive gene expression was normalized to GAPDH and 
compared with un-stimulated control. B. The protein 
expression levels of E-cadherin, N-cadherin and vi-
mentin were determined by Western blot. All experi-
ments were repeated at least three times. Data are 
means ± SD. *P<0.05 compared with control group, 
#P<0.05 compared with TGF-β1 group.
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expression of Snailand Slug in a concentration-
dependent manner. Moreover, consistent with 
the results of RT-qPCR, baicalin also reduced 
the protein expression of Snail and Slug in 
PANC-1 cells (Figure 3B).

Baicalin inhibits cell migration and invasion 
during inhibition of TGF-β1-induced EMT

To examine the effect of baicalin on PANC-1 cell 
migration, we performed a Transwell assay. As 
shown in Figure 4A, baicalin significantly in- 
hibited cell migration induced by TGF-β1 in a 
concentration-dependent manner. In addition, 
PANC-1 cells treated with baicalin exhibited a 
decrease in the number of cells migrating 
through the Matrigel-coated membrane in Boy- 
den chambers, compared with untreated PANC-
1 cells (Figure 4B).

Baicalin inhibits phosphorylation of Smad2 
and Smad3 during inhibition of TGF-β1-
induced EMT

The TGF-β1-induced EMT is mediated through 
Smad signaling pathways. After TGF-β1 stimula-
tion, Smad2 and Smad3 are phosphorylated 
and formed Smad2/3 complex, and then in- 
duce the EMT. Therefore, we examined the 
effect of baicalin on the phosphorylated levels 
of two primary signal proteins in TGF-β/Smad 
pathway-Smad2 and Smad3. As shown in 
Figure 5, TGF-β1 significantly promoted the 
phosphorylation of Smad2 and Smad3, ho- 
wever, baicalin suppresses TGF-β1-induced the 
phosphorylation of Smad2 and Smad3 in PANC-
1 cells.

Discussion

In this study, we demonstrated that baicalin 
inhibited TGF-β1-induced EMT, as well as the 
expression of Snailand Slug in PANC-1 cells. 
Baicalin also inhibits cell migration and inva-
sion during inhibition of TGF-β1-induced EMT. 
Moreover, baicalin inhibits phosphorylation of 
Smad2 and Smad3 during inhibition of TGF-β1-
induced EMT.

Figure 3. Baicalin suppresses TGF-β1-induced Snail 
and Slug in PANC-1 cells. PANC-1 cells were pretreat-
ed with the indicated concentration of baicalin for 2 
h and then stimulated with TGF-β1 (5 ng/ml) for 24 
h. A. The mRNA expression levels of Snail and Slug 
were assayed by qRT-PCR. Relative gene expression 
was normalized to GAPDH and compared with un-
stimulated control. B. The protein expression levels 
of Snail and Slug were determined by Western blot. 
All experiments were repeated at least three times. 
Data are means ± SD. *P<0.05 compared with con-
trol group, #P<0.05 compared with TGF-β1 group.

Figure 4. Baicalin inhibits cell migration and inva-
sion during inhibition of TGF-β1-induced EMT. PANC-
1 cells were pretreated with the indicated concen-

tration of baicalin for 2 h and then stimulated with 
TGF-β1 (5 ng/ml) for 24 h. A. Cell migration was mea-
sured by Transwell analysis. B. Matrigel invasion as-
say showing that baicalin inhibits cell invasion. All ex-
periments were repeated at least three times. Data 
are means ± SD. *P<0.05 compared with control 
group, #P<0.05 compared with TGF-β1 group.
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It is well known that EMT plays a critical role in 
tumor invasion and metastasis from in vitro 
and in vivo pancreatic cancer studies [16]. 
Several lines of evidences showed that stimula-
tion of TGF-β1 could induce EMT in pancreatic 
cancer [17-19]. Upon activation of the TGF-β1 
pathway, pancreatic cancer cells that exhibit 
more overt and irreversible EMT lead to more 
aggressive and metastatic tumors. Therefore, 
inhibition of TGF-β1-mediated EMT might be a 

rational strategy to prevent metastasis. It has 
also been reported that the forced expression 
of E-cadherin suppresses cancer metastasis, 
and an E-cadherin mutation in a tumor decreas-
es cellular adhesion and increases cellular mo- 
tility, invasion and metastasis [20, 21]. In this 
study, we observed that baicalin effectively 
upregulates the expression of EMT-associa- 
ted protein E-cadherin, but downregulates the 
expression of N-cadherin and vimentin, all in a 
dose-dependent manner in PANC-1 cells. Co- 
nsistent with the above-described results, 
baicalinalso inhibits cell migration and invasion 
during inhibition of TGF-β1-induced EMT in 
PANC-1 cells, suggesting that the baicali-medi-
ated inhibition of EMT may inhibit the migration 
and invasion of pancreatic cancer cells.

Zinc finger protein snail and slug are proteins 
encoded by the snail gene. Snail is a family of 
transcription factors that promote the repres-
sion of the adhesion molecule E-cadherin to 
regulate EMT in the development of tumor [22]. 
Multiple lines of evidence show that TGF-β1 
induced Snail expression during EMT develop-
ment [23-25]. In this study, we observed that 
the EMT-related transcriptional repressors, 
Snail and Slug, were differentially reduced 
when cells were treated with baicalin. These 
results suggest that these transcriptional re- 
pressors are the upstream regulators of E-ca- 
dherin in the baicalin-mediated EMT.

Smad signaling pathway is activated as a func-
tion of progression in TGF-β-induced EMT, mak-
ing it an attractive therapeutic target to prev- 
ent TGF-β-induced EMT and the subsequent 
enhance of tumor invasion [20, 26]. In terms  
of its activation mechanism, TGF-β1 interacts 
with TGF-βRII, which in turn activates TGF-βRI. 
Subsequently, an active TGFRI directly phos-
phorylates Smads, namely Smad2 and Smad3. 
These activated R-Smads associate with 
Smad4, and the complex then translocates into 
the nucleus. After this translocation event, the 
complex interacts with DNA-binding factors, 
including the EMT-inducing factors such as 
Snail, Slug, Twist and so on in order to regula- 
te responsive genes [27-29]. Previous studies 
showed that the TGF-β-mediating signaling mol-
ecule Smad2 potentiates the EMT and EMT-
related genes in enhancing skin cancer aggres-
siveness [30]. In addition, it has been reported 
that genetic inactivation of individual Smads 
protects pancreatic cancer cells from the acqui-
sition of a migrating mesenchymal phenotype 

Figure 5. Baicalin inhibits phosphorylation of Smad2 
and Smad3 during inhibition of TGF-β1-induced EMT. 
PANC-1 cells were pretreated with the indicated 
concentration of baicalin for 2 h and then stimu-
lated with TGF-β1 (5 ng/ml) for 24 h. A. The protein 
expression levels of p-Smad2 and p-Smad3 were 
determined by Western blot. B and C. Quantitative 
analysis of protein expression levels of p-Smad2 and 
p-Smad3 using Image-Pro Plus 6.0 software and nor-
malized to GAPDH. All experiments were repeated at 
least three times. Data are means ± SD. *P<0.05 
compared with control group, #P<0.05 compared 
with TGF-β1 group.
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[17]. In line with these results, in the present 
study, we observed that baicalin inhibits phos-
phorylation of Smad2 and Smad3 during inhibi-
tion of TGF-β1-induced EMT. These data indi-
cate that baicalin probably prevents EMT and 
invasion in the TGF-β1-induced signaling path-
way by inhibiting the activation of Smad2 and 
Smad3.

In summary, we demonstrated that baicalin 
inhibited the TGF-β1-induced EMT and sup-
pressed pancreatic cancer cell migration and 
invasion through inhibiting Smad signal path-
way. Thus, baicalin could have potential as ther-
apeutic or supplementary agents for the treat-
ment of pancreatic cancer.
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