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Asiaticoside inhibits epithelial-mesenchymal transition and stem 
cell-like properties of pancreatic cancer PANC-1 cells by blocking 
the activation of p65 and p38MAPK
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Background: To analyze the inhibitory effects of Asiaticoside (ATS) on the epithelial-mesenchymal 
transition (EMT) and stem cell-like properties of a pancreatic cancer cell line (PANC-1) by blocking the 
activation of p65 and p38 mitogen-activated protein kinase (p38MAPK). 
Methods: ATS concentrations were set at 0, 10, 25, and 50 μmol/L. The survival rate of PANC-1 cells in 
each group was detected by CCK-8, and CD133 and CD44 positive cells were detected by flow cytometry. 
The levels of Ki67 and proliferating cell nuclear antigen (PCNA) mRNA were detected by RT-PCR. The 
expression of E-cadherin, N-cadherin, vimentin, sex-determining region Y-box2 (SOX2), and octamer-
binding transcription factor 4 (OCT4) proteins, and the phosphorylation levels of p65 and p38MAPK were 
detected by western blot. Nude mouse xenograft models of the tumor were established by subcutaneous 
injection of PANC-1 cells (1×106–1×108/mL), and they were randomly divided into the control group  
(0 mg/kg), and low-dose, medium-dose, and high-dose ATS groups (2.5, 5, 10 mg/kg). Apoptosis in 
xenograft tissue was detected by TUNEL, and the expression of vimentin and SOX2 proteins was detected 
by immunohistochemistry. 
Results: As the ATS concentration increased to 25 μmol/L, cell survival rate, levels of Ki67 and PCNA 
mRNA, expression of N-cadherin, vimentin, SOX2, OCT4, p-p65/p65, and p-p38MAPK/p38MAPK 
proteins, and the proportions of CD44+ and CD133+ positive cells significantly decreased (P<0.05), while 
the expression of E-cadherin protein significantly increased (P<0.05). The results of tumor formation in 
nude mice showed that with the increase of ATS concentration, at 5 mg/kg the volume of the xenograft 
significantly decreased (P<0.05), the apoptosis rate significantly increased (P<0.05), and positive expression 
rates of vimentin and SOX2 proteins significantly decreased (P<0.05). 
Conclusions: ATS may inhibit the proliferation, EMT, and stem cell-like properties of pancreatic cancer 
cells by blocking the phosphorylation of p38MAPK and nuclear factor-κB (NF-κB)/p65 in PANC-1 cells.
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Introduction 

Pancreatic cancer is a common tumor of the digestive 
system with a high degree of malignancy and a poor 
prognosis.  The main clinical approach is surgery, 
supplemented by comprehensive treatment measures of 
radiotherapy and chemotherapy (1). Patients with pancreatic 
cancer often do not show typical symptoms in the early 
stage, so the detection rate is low, and they have often 
developed to the middle and late stages when they go to the 
doctor. The rate of surgical resection is low, and the rate of 
surgical recurrence and metastasis is high. Novel therapies 
such as FOLFIRINOX, a therapy combination including 
folinic acid, 5-fluoruracil, irinotecan and oxaliplatin, have 
significantly improved the treatment. However, median 
survival for advanced or metastatic patients was less than 
one and a half years even with such therapies (2). It is of 
great clinical significance to analyze the mechanism of the 
malignant progression of pancreatic cancer and find new 
effective drugs to assist clinical treatment. The epithelial-
mesenchymal transition (EMT) is the basis of tumor cell 
invasion and migration, and plays an important role in the 
occurrence and metastasis of pancreatic cancer (3). Recent 
studies have shown that EMT is related to cancer stem 
cell-like characteristics, participates in the self-renewal and 
differentiation of cancer stem cell-like cells, and plays an 
important role in tumor occurrence, invasion, metastasis, 
and recurrence (4). Asiaticoside (ATS) is extracted from 
the Apiaceae plant Centella asiatica and has antioxidative, 
antifibrotic, and antineoplastic actions (5). Studies have 
shown that ATS can inhibit the proliferation and invasion of 
multiple myeloma cells, and induce tumor cell apoptosis (6), 
but its effect on the stem-like characteristics of pancreatic 
cancer cells is still unclear. Therefore, this study explored 
the effect of ATS on EMT and stem cell-like characteristics 
of pancreatic cancer cell line (PANC-1) cells, aiming to 
provide a reference for the clinical treatment of pancreatic 
cancer. We present the following article in accordance with 
the ARRIVE reporting checklist (available at http://dx.doi.
org/10.21037/jgo-20-533).

Methods 

Instruments and reagents

The CO2 incubator and automatic microplate reader were 
purchased from Thermo Scientific; flow cytometer was 
purchased from FASCAN Becton Dickison, USA; vernier 
calipers (precision 0.1 mm, EC-200) were purchased 

from Chengdu Measuring Tool & Cutting Tool Co., 
Ltd.; pancreatic cancer PANC-1 cells were purchased 
from the cell bank of the Shanghai Chinese Academy of 
Sciences; ATS was purchased from Guangxi Changzhou 
Natural Products Development Co., Ltd., with a purity 
of >95%; RPMI 1640 medium and mycoplasma-free fetal 
bovine serum were purchased from Zhejiang Tianhang 
Biotechnology Co., Ltd.; CCK-8 detection kit and 
TUNEL tissue apoptosis detection kit were purchased 
from Shenyang Wanlei Biotechnology Co., Ltd.; β-actin 
monoclonal antibody was purchased from Beijing Soleibao 
Technology Co., Ltd.; CD133-PE and CD44-FITC 
antibodies were purchased from Miltenyi Biotec, Germany; 
rabbit anti-human E-cadherin, N-cadherin, vimentin, 
and p65, p-p65, p38 mitogen-activated protein kinase 
(p38MAPK), p-p38MAPK monoclonal antibodies, were 
purchased from Santa Cruz, USA; horseradish peroxidase 
(HRP) labeled goat anti-rabbit IgG was purchased from 
DAKO, Denmark.

We also purchased 40 male BALB/C nude mice, aged 
4–6 weeks, weighing 17–22 g from Beijing Weitong 
Lihua Laboratory Animal Technology Co., Ltd. [animal 
license number SCXK (Beijing) 2016-0006]. The in 
vivo experiments were carried out in the Weitong Lihua 
Laboratory Animal Technology Co., Ltd according to 
Chinese National Guidelines (GB/T 35892-20181). 

Cell culture and drug treatment

PANC-1 cells (about 1.5×104 in a flask) were cultured in 
RPMI 1640 medium containing 10% fetal bovine serum, 
incubated overnight at 37 ℃ in 5% CO2; the medium was 
changed the next day, and subculture was started after cell 
fusion reached ≥80%. Cells in the logarithmic growth phase 
were used to make a single-cell suspension (5×104/mL), and 
cultured overnight. Next, 100 μL of different concentrations 
of ATS (final concentration 0, 0.5, 1, 2.5, 5, 10, 25, 50, 100, 
200, 300, and 400 μmol/L) was added, followed by incubation 
for 24 h. The culture medium was discarded, 10 μL  
of CCK-8 solution was added to each well, and there was 
a further 4 h of incubation. Finally, absorbance at 450 nm  
wavelength was detected, and the cell survival rate was 
calculated. Setting the ATS low-dose group as 10 μmol/L, 
the medium-dose (25 μmol/L), high-dose (50 μmol/L), and 
control (0 μmol/L) groups were established. For the wound 
enclosure test, cells of 80% confluence were scratched with 
a 200 μL tip, and observed at 0 and 24 h respectively. For 
transwell, 50,000 cells were seeded in the 6 mg/L Matrigel 
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pretreated upper chamber of the Transwell, with DMEM 
containing 0.1% FBS. The lower chamber was added with 
normal culture medium. After 24 h the cells were stained 
with hematoxylin and observed under a microscope.

RT-PCR detection of proliferation markers Ki67 and 
PCNA mRNA levels

Each group of cells incubated with the corresponding 
concentration of ATS for 24 h was used to extract total 
RNA by the Trizol method. Next, the RNA concentration 
and purity were determined by electrophoresis, and 
the cDNA was synthesized by reverse transcription 
(RT),  which was  then used to  perform RT-PCR 
reaction, and detect Ki67 mRNA (forward primer: 
5 ' -CTTTGGGTGCGACTTGACGA-3' ,  reverse 
primer: 5'-TTCTGCCATTACGTCCAGCG-3') and 
Proliferating Cell Nuclear Antigen (PCNA) (forward 
primer: 5'-AGGGCTGAAGATAATGCTGATA-3', reverse 
primer: 5'- CTCATTCATCTCTATGGTCACAG-3'). 
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was 
used as the internal reference, and the relative expression 
level was calculated using 2−∆∆Ct.

Flow cytometric detection of CD133+ and CD44+ positive 
cells

Each group of cells incubated with the corresponding 
concentration of ATS for 24 h was suspended with trypsin, 
and the cells were collected by centrifugation (400 g for 
5 min). The supernatant was discarded, the cells were 
resuspended in phosphate-buffered saline (PBS), and their 
concentration adjusted to 1×106 mL. Thereafter, CD133-
PE and CD44-FITC (diluted 1:100) antibodies were 
added, before incubation for 30 min at 4 ℃, followed by 
washing twice with PBS, centrifugation (1,000 rpm, 5 min),  
resuspension in 200 μL PBS, and analyzed by flow 
cytometry.

Western blot detection of phosphorylated protein expression 
of E-cadherin, N-cadherin, vimentin, SOX2, OCT4, p65 
and p38MAPK

Each group of cells incubated with the corresponding 
concentration of ATS for 24 h was used to extract the total 
cell protein with cell lysate, and the protein concentration 
was determined by the quinolinic acid method. The 

protein was used for SDS-PAGE gel electrophoresis, and 
the membrane was electro-transferred to a polyvinylidene 
fluoride membrane, which was blocked for 2 h at room 
temperature, washed with membrane washing buffer, before 
adding the primary antibodies (E-cadherin, N-cadherin, 
Vimentin, SOX2, OCT4, p65, p-p65, p38MAPK, and 
p-p38MAPK and beta-actin), and incubating overnight at 
4 ℃. The membrane was washed with membrane washing 
buffer and the secondary antibody was added to incubate for 
2 h at room temperature. Finally, electrochemiluminescence 
was used for imaging, with β-actin as the internal reference, 
and a gel imaging system was used to analyze the strength 
of the contrast band.

Establishment of PANC-1 nude mouse xenograft tumor 
model

After 7 days of acclimatization, the nude mice were 
randomly divided into a control group, and ATS low-dose, 
medium-dose, and high-dose groups. All nude mice were 
injected subcutaneously with 0.1 mL PANC-1 cells (1×106–
1×108/mL) to establish a nude mouse xenograft tumor 
model. A nude mouse with visible subcutaneous tumor 
formation was regarded as a successful model. When the 
tumor volume reached ≈100 mm3, the ATS low-, medium-, 
and high-dose groups were intraperitoneally injected with 
2.5, 5, and 10 mg/kg ATS, and the control group was 
injected with the same volume of normal saline. At 30 days 
after the injection, the nude mice were killed humanely, the 
tumor tissue was removed, and the volume of tumor in each 
group was measured.

TUNEL method to detect cell apoptosis in tumor tissue

The  re sec ted  tumor  t i s sue  was  p l aced  in  a  4% 
paraformaldehyde solution for fixation, routine sectioning, 
and then deparaffinizing to water. Proteinase K working 
solution was added for antigen retrieval, and samples were 
fixed at room temperature for 15–30 min. Next, 50 μL of 
3% H2O2 was added, incubated at room temperature for 
10 min, then 50 μL TUNEL reaction solution was added, 
further incubated at 37 ℃ in the dark for 60 mins, and 
finally rinsed three times with PBS for 5 min each time. 
Then, 50 μL peroxidase buffer solution was added, reacted 
at 37 ℃ for 30 min, rinsed three times with PBS, developed 
with DAB, and staining was performed in strict accordance 
with the instructions of the TUNEL kit.
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Immunohistochemical method to detect the expression of 
VIMENTIN and SOX2 protein in transplanted tumor 
tissue

Tumor tissue sections were deparaffinized to water in turn, 
then treated with 1.5% H2O2–CH3OH solution at 37 ℃ for 
30 min, blocked, and incubated at 37 ℃ for 30 min. Primary 
antibodies (vimentin and SOX2) were added respectively 
for 4 different sections and incubated overnight at 4 ℃. 
Next, a biotin-labeled secondary antibody was added and 
incubated at 37 ℃ for another 30 min, color developed 
with DAB and controlled under the microscope so that the 
secondary antibody was properly bonded. Finally, sections 
were stained with hematoxylin and cleared with xylene after 
sealing with neutral gum. The number of positive cells was 
counted under the microscope.

Statistical analysis

SPSS 17.0 software was used to analyze the obtained data, 
and the measurement data that met normality are expressed 
as mean ± standard deviation (x±s). Differences between 
groups were compared by one-way analysis of variance, 
and the difference between two groups was compared 
by Student-Newman-Keuls (SNK)-q. P<0.05 indicated 
statistically significant difference.

Results

Effects of ATS on the survival rate of PANC-1 cells

The results of CCK-8 addition (Figure 1) showed that 

the inhibitory effect of ATS on PANC-1 cells was drug 
concentration-dependent. As the ATS concentration 
increased, when it reached 25 μmol/L the cell survival rate 
decreased significantly (P<0.05). 

Effect of ATS on the expression of PANC-1 cell 
proliferation-related genes and EMT-related proteins

The RT-PCR results (Figure 2A,B) showed that with 
increasing ATS concentration when it was 25 μmol/L, the 
cells’ Ki67 and PCNA mRNA levels decreased significantly 
(P<0.05). Western blot results (Figure 2C,D) showed that 
when the ATS concentration was 25 μmol/L, the cells’ 
E-cadherin protein expression increased significantly 
(P<0.05), while that of N-cadherin and vimentin decreased 
significantly (P<0.05).

Effect of ATS on CD44+ and CD133+ positive cells, and 
SOX2, OCT4 protein expression

The results of flow cytometry (Figure 3A,B) showed 
that when the ATS concentration was 25 μmol/L, the 
proportions of CD44+ and CD133+ positive cells decreased 
significantly (P<0.05). Western blot results (Figure 3C,D) 
showed that when the ATS concentration was 25 μmol/L, 
the cells’ SOX2 and OCT4 protein expressions decreased 
significantly (P<0.05). 

Effect of ATS on the phosphorylation of p65 and 
p38MAPK in PANC-1 cells

Western blot results (Figure 4A) showed that when the 
ATS concentration was 25 μmol/L, the cells’ p-p65/p65 
and p-p38MAPK/p38MAPK protein expressions decreased 
significantly (Figure 4B,C, P<0.05). Then activators for 
nuclear factor-κB (NF-κB) and P38 MAPK were employed 
to show the involvement of NF-κB and P38 MAPK. Both 
NF-κB activator RANKL (10 ng/mL) and P38 MAPK 
activator Asiatic acid (4.6 mM) did not invert the decreased 
cell viability (Figure 4D). Then MAPK and EMT related 
proteins were tested (Figure 4E). RANKL and Asiatic acid 
activated P65 and P38 respectively (Figure 4F,G, P<0.05). 
E-cadherin was increased with ATS while decreased with 
both activators (Figure 4H, P<0.05). N-cadherin and 
Vimentin reduced with ATS was reverted with RANKL and 
Asiatic acid (Figure 4I,J, P<0.05). Similarly, ATS decreased 
SOX2 and OCT4 were also reverted with RANKL and 
Asiatic acid (Figure 4K,L, P<0.05). ATS treatment inhibited 

Figure 1 Effect of Asiaticoside (ATS) on the survival rate of 
PANC-1 cells indicated with CCK-8. Compared with the effect of 
0 μmol/L ATS, *P<0.05.

120

100

80

60

40

20

0

C
el

l v
ia

bi
lit

y 
(%

)

*

*

* *

*
*

0.5    1    2.5   5     10   25    50  100 200  300 400
Concentration (μM)



200 He et al. Asiaticoside inhibits EMT and stemness of pancreatic cancer 

© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2021;12(1):196-206 | http://dx.doi.org/10.21037/jgo-20-533

Figure 2 Effect of Asiaticoside (ATS) on the expression of pancreatic cancer cell line (PANC-1) cell proliferation-related genes and 
epithelial-mesenchymal transition (EMT)-related proteins. RT-PCR to detect the relative expression of (A) Ki67 mRNA and (B) PCNA 
mRNA. Western blot to detect (C) protein expression profiles and (D) to detect E-cadherin, N-cadherin and the relative expression of 
vimentin compared with the effect of 0 μmol/L ATS, *P<0.05.
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wound healing of PANC-1 cells, which was partly reverted 
with RANKL and Asiatic acid (Figure 4M, P<0.05). A 
similar trend was observed in invasive cells tested with 
transwell (Figure 4N, P<0.05). The results collectively 
indicated that ATS inhibited proliferation mobility and 
stemness of PANC-1 cells possibly through inactivating 
NF-κB and P38 MAPK. 

Effects of ATS on the growth, apoptosis, and expression of 
vimentin and SOX2 protein of transplanted tumor cells in 
nude mice

The results of tumor formation in nude mice (Figure 5A,B) 
showed that when the ATS concentration was 5 mg/kg 
and 10 mg/kg, the tumor’s weight and volume decreased 
significantly (P<0.05). The TUNEL results (Figure 5C,D) 
showed that when the ATS concentration was 5 mg/
kg, the cell apoptosis rate of the tumor tissue increased 
significantly (P<0.05). The results of immunohistochemistry  

(Figure 5C,E,F) showed that the positive expression rates of 
vimentin and SOX2 proteins in tumor tissues significantly 
decreased (P<0.05).

Discussion

Pancreatic cancer is a highly aggressive malignant tumor 
with a poor prognosis, and no clinically effective treatment. 
ATS is a biologically effective active ingredient extracted 
from Centella asiatica that can inhibit the malignant 
behavior of some tumor cells (7), but its effect on pancreatic 
cancer cells is still unclear. Therefore, this study analyzed 
the effects of ATS on the EMT and stem cell-like 
characteristics of PANC-1 pancreatic cancer cells. In this 
study, the inhibitory effect of ATS on PANC-1 cells was 
concentration-dependent, and when the ATS concentration 
was ≥25 μmol/L, not only the cell survival rate decreased 
significantly, but also the levels of Ki67 and PCNA mRNA 
decreased significantly. Both Ki67 and PCNA are tumor cell 
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proliferation-related proteins, and their levels change with 
cell mitosis. They are ideal markers of cell proliferation (8),  
and our results suggested that ATS can inhibit the 
proliferation of PANC-1 cells by decreasing the expression 
of proteins related to cell proliferation in a concentration-
dependent manner. 

EMT program is the key to malignant transformation 
across tumors. The survival of metastatic patients would 
be dramatically reduced (2), which was enabled with EMT. 
EMT promotes stemness, drug resistance and immune 
escape of tumor cells, and make the tumors impossible to be 
surgically removed. Targeting of EMT to prevent malignant 
transforming was pivotal for pancreatic cancer patients (3). 
AST was reported to inhibit TGF-β-induced EMT in in 
the human peritoneal mesothelial cell line HMrSV5 (9). 
On the other hand, AST inhibits Matrix metalloproteinase, 
hyaluronidase and elastase (10), all of which could degrade 
extracellular matrix to promote EMT. In this study, when 
the ATS concentration reached 25 μmol/L, the cells’ 
E-cadherin protein expression increased significantly, while 

that of N-cadherin and vimentin decreased significantly. 
E-cadherin is a calcium-dependent epithelial marker protein 
that exists in almost all normal epithelial cells. It mediates 
adhesion between cells and plays an important role in tumor 
cell invasion and migration (11). N-cadherin, a calcium-
dependent cell surface adhesion molecule, also mediated 
the adhesion and migration of cancer cells, and promotes 
the malignant biological behavior of tumor cells (12). 
Vimentin is mainly expressed in mesenchymal cells and as a 
component of the cytoskeleton, it can regulate cell adhesion 
and promote tumor cell invasion and migration (13).  
Bulzico et al. showed that in adrenocortical carcinomas 
specimens the expression of E-cadherin protein is reduced 
or even absent, and the expression of N-Cadherin and 
Vimentin protein is upregulated (14), which are signs of 
EMT in cancer cells, suggesting that ATS can decrease 
the expression of PANC-1 EMT-related proteins in a 
concentration-dependent manner to inhibit cell invasion 
and metastasis. 

Cancer cells that undergo EMT could get stemness (4). 

Figure 3 Effect of Asiaticoside (ATS) on CD44+ and CD133+ positive cells, and SOX2, OCT4 protein expression. Proportion of (A) CD133+ 
positive cells and (B) CD44+ positive cells detected by flow cytometry; (C) protein expression profile detected by Western Blot; (D) relative 
expression levels of SOX2 and OCT4 detected by Western Blot; Compared with the effect of 0 μmol/L ATS, *P<0.05.
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Figure 4 Effect of Asiaticoside (ATS) on the activation of p65 and p38MAPK in pancreatic cancer cell line (PANC-1) cells. Western blot 
detects (A) the protein expression profiles, (B) the relative expression of p-p65/p65 protein and (C) the relative expression of p-p38MAPK/
p38MAPK protein. Activators for NF-κB (RANKL, 10 ng/mL) and MAPK (Asiatic acid, 4.6 mM) were added to validate their effect. (D) 
Cell viability were verified with CCK-8. Western blot detects (E) the protein expression profiles, and the relative expression of (F) p-p65/
p65, (G) p-P38/P38, (H) E-cadherin, (I) N-cadherin, (J) Vimentin, (K) SOX2, and (L) OCT4 were determined with Image J. (M) Wound 
healing of PANC-1 cells directly observed under 100× scope. (N) Invasive PANC-1 cells tested with transwell, stained with crystal violet and 
observed under 200× scope. Compared with 0 μmol/L ATS, *P<0.05 versus control group; #P<0.05 versus ATS 25 μM group.

A B C D

E

F G H

I J K L

M

N

AT
S 0 

μM

AT
S 0 

μM

AT
S 10

 μM

AT
S 10

 μM

AT
S 25

 μM

AT
S 25

 μM

AT
S 50

 μM

AT
S 50

 μM Control

ATS 25 μM

AST + RANKL

AST + Asiatic acid

AST

P65

p-P65

P38

p-P38

actin

P65

p-P65

P38

p-P38

E-cadherin

N-cadherin

Vimentin 

SOX2

OCT4

actin

0    10    25   50

0.5

0.4

0.3

0.2

0.1

0.0

AST
RANKL

Asiatic acid

–     +      +      +
–     –      +      –
–     –      –      +

0.5

0.4

0.3

0.2

0.1

0.0

1.5

1.0

0.5

0.0

1.5

1.0

0.5

0.0

1.5

1.0

0.5

0.0

1.5

1.0

0.5

0.0

1.5

1.0

0.5

0.0

150

100

50

0

150

100

50

0

p-
P

65
/P

65

p-
P

38
/P

38

C
el

l v
ia

bi
lit

y 
(%

)

*
* * *

*

* *

*

#

# # # #

#

#

#

# #

#

#

#

* *

*

*

*

*

#

# #

*
*

p-P65/P65

N-cadherin Vimentin SOX2 OCT4

Control

Control

0 
h

24
 h

100 μm

ATS 25 μM

ATS 25 μM

AST + RANKL

AST + RANKL

AST + Asiatic acid

AST + Asiatic acid

p-P38/P38 E-cadherin

0.8

0.6

0.4

0.2

0.0

0.5

0.4

0.3

0.2

0.1

0.0

4

3

2

1

0R
el

at
iv

e 
pr

ot
ei

n 
le

ve
l

R
el

at
iv

e 
pr

ot
ei

n 
le

ve
l

R
el

at
iv

e 
pr

ot
ei

n 
le

ve
l

R
el

at
iv

e 
pr

ot
ei

n 
le

ve
l

R
el

at
iv

e 
pr

ot
ei

n 
le

ve
l

W
ou

nd
 c

lo
su

re
 r

at
e 

(%
)

In
va

si
ve

 c
el

ls
 p

er
 fi

el
d

R
el

at
iv

e 
pr

ot
ei

n 
le

ve
l

R
el

at
iv

e 
pr

ot
ei

n 
le

ve
l



203Journal of Gastrointestinal Oncology, Vol 12, No 1 February 2021

© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2021;12(1):196-206 | http://dx.doi.org/10.21037/jgo-20-533

Figure 5 Effect of Asiaticoside (ATS) on the growth, apoptosis, and expression of vimentin and SOX2 protein in transplanted tumor cells 
in nude mice. Tumor tissue (A) weight and (B) volume. (C) The tumors were stained with TUNEL or indicated antibodies; the typically 
positive cells were indicated with arrows. (D) TUNEL detection of apoptosis rate in transplanted tumor cells and (E) immunohistochemical 
detection SOX2 positive expression rate. (F) Vimentin positive expression rate detected by immunohistochemistry; compared with 0 mg/kg 
ATS, *P<0.05.
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Cancer stem cells were widely accepted as the main force 
in tumor growth, drug resistance and metastasis (15). In 
the adult pancreas, the differentiated pancreas cells show a 
high degree of plasticity, which makes it more important to 
inhibit cancer stem cells in pancreatic cancer treatment (16).  
In this study, when the ATS concentration was 25 μmol/L,  
the proportion of CD44+ and CD133 positive cells 
decreased significantly, and the expression of SOX2 and 
OCT4 proteins also decreased significantly. Both CD44 
and CD133 are surface markers of cancer stem cells, and 
have been used to identify pancreatic cancer stem cells (17).  
Gzil et al. showed that the expression of stem cell markers 
such as CD44 and CD133 is a risk factor affecting the 
prognosis of patients with pancreatic cancer (18). Our 
results suggested that ATS can reduce CD44+ and CD133+ 
positive cells in a concentration-dependent manner, reduce 
tumor stem cells, and thus improve patient prognosis. 
SOX2 belongs to the Y-related HMG protein family in the 
SOX region, which can regulate embryonic development 
and is an important protein for maintaining stem cell self-
renewal and pluripotency (19). OCT4 belongs to the POU 
transcription factor family and plays an extremely important 
role in maintaining the multidifferentiation potential and 
self-renewal of embryonic stem cells (20). Studies have 
shown that SOX2 and OCT4 are initial factors for inducing 
cancer stem cells. Their abnormal expression is related to 
the occurrence of colorectal cancer, pancreatic cancer, and 
other tumors (21,22). Our results suggested that ATS can 
inhibit the stem cell-like properties of PANC-1 cells in a 
concentration-dependent manner.

Inflammation promotes progression of tumors (23). 
It is suggested that inflammation in pre-malignant 
transformation and subsequent oncogene activation 
was the pivotal cause for pancreatic cancer. Then 
inflammation supported the formation of immune-tolerate 
microenvironment (24). AST was widely characterized 
as an anti-inflammatory agent. For example, Asiaticoside 
protects against cerebral ischemia-reperfusion injury in 
rats via inhibiting the NOD2/MAPK/NF-κB signaling 
pathway (25). Also, Asiaticoside can alleviate inflammation 
bronchopulmonary injury induced by hypoxia in neonatal 
rats (26). In this study, when the ATS concentration 
was 25 μmol/L, the cell’s p-p65/p65 and p-p38MAPK/
p38MAPK protein expression decreased significantly. 
p65 belongs to the NF-κB family, and after its activation 
by phosphorylation it can participate in the regulation of 
tumor cell proliferation, invasion, migration, and other 
biological behaviors (27). Marquardt et al. showed that 

blocking the phosphorylation of NF-κB/p65 can upregulate 
the expression of E-cadherin, downregulate the expression 
of N-Cadherin and vimentin, and inhibit EMT of liver 
cancer cells (28). Ma et al. showed that blocking the NF-
κB/p65 signaling pathway can also inhibit CD133+ positive 
stem cells (29), with our results suggesting that ATS may 
inhibit the phosphorylation of NF-κB/p65 in PANC-1 
cells in a concentration-dependent manner, thus inhibiting 
the occurrence of EMT and the stem cell-like properties 
of PANC-1 cells. p38MAPK belongs to the MAPK signal 
pathway, and its phosphorylation can promote tumor 
cell proliferation, invasion, and migration, thus playing 
an important regulatory role (28). Studies have shown 
that p38MAPK can regulate the phosphorylation of NF-
κB/p65 and the biological behavior of tumor cells (30), 
with our results suggesting that ATS may inhibit the 
phosphorylation of PANC-1 cells’ p38MAPK and NF-κB/
p65 in a concentration-dependent manner, and also inhibit 
the malignant biological behavior of pancreatic cancer cells.

Inflammation, EMT and stemness were mutually 
affecting processes in tumors (3,15). Inflammation activates 
extracellular matrix degrading enzymes to admit immune 
screening, which promotes tumor growth, phenotypic 
switching and chemotherapy resistance. EMT, on the 
other hand, could activate inflammation and promote 
stemness. In this study, the results of tumor formation in 
nude mice showed that when the ATS concentration was 
5 and 10 mg/kg, tumor volume decreased significantly, 
the apoptosis rate increased significantly, and the positive 
expression rates of vimentin and SOX2 proteins decreased 
significantly, suggesting that ATS can inhibit the growth of 
pancreatic cancer xenografts and induce cell apoptosis in a 
concentration-dependent manner. Our results implicated 
that ATS could be a multi-targeting agent in treating 
pancreatic carcinoma. 

In summary, ATS may block the phosphorylation 
of p38MAPK and NF-κB/p65 in PANC-1 cells in a 
concentration-dependent manner, inhibiting the proliferation, 
EMT, and stem cell-like properties of pancreatic cancer cells 
and the growth of transplanted tumor cells.
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