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EMT of PA cells was induced by TGF-β1, we detected the 
expression of TGF-β1 in MSCs after being pretreated by 
inflammatory cytokines. As expected, pretreatment with 
TNF-α and IFN-γ markedly up-regulated the expression 
of TGF-β1 in MSCs. The promoting effect of MSCs 
treated with inflammatory cytokines on PA cells in vitro 

and in vivo could be reversed by short interfering RNA 
of TGF-β1. Our results elucidated that MSCs promote PA 
cells invasion by TGF-β1 induced EMT in inflammation 
tumor microenvironment.

Taken together, our study demonstrated that 
MSCs provoked expression TGF-β1 in inflammation 

Figure 6: TGF-β1 knockdown of MSCs reverses the EMT in pancreatic adenocarcinoma cells. (A) Transfections of TGF-β1 
siRNA into MSCs were performed with a Lipofectamine, and FAM was observed under fluorescence microscope (200 ×). (B) Real-
time PCR result showed that the expression of TGF-β1 in the culture supernatant of MSCssi-TGFβ was markedly decreased, the inhibitory 
efficiency was more than 90% compared with the MSCsvector (*P < 0.05). (C) ELISA result revealed that the amount of TGF-β1 in the 
culture supernatant of MSCssi- TGF-β1 was remarkably down-regulated even they were pretreated with both of TNF-α and IFN-γ. (D) PANC-
1 cells cultured with the culture supernatant of MSCssi-iNOS, and then the expression of EMT genes on mRNA level in PANC-1 cells were 
detected by real-time PCR (*P < 0.05).
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microenvironment, which promoted invasive properties 
of pancreatic cancer cells by inducing EMT. Therefore, 
the study of MSCs clinical application for target 
therapy treating cancer needs to pay attention to tumor 
microenvironment. The use of MSCs as delivery vehicles 
in molecular target therapy should be extremely cautious, 
because of the tumor growth promoting effects in 
inflammation tumor microenvironment.

MATERIALS AND METHODS

Cell lines and animals

Human MSCs was a gift from Institute of Health 
Sciences and Shanghai Institute of Immunology, Chinese 
Academy of Sciences. The culture medium of MSCs was 
Dulbecco’s modified Eagle’s medium (DMEM) nutrient 
mix F12 with 10% fetal bovine serum (FBS) from 
Invitrogen Inc. Human PA cell lines-PANC-1 and BxPC-3 
was obtained from Chinese Academy Cell Banks. PANC-1  
and BxPC-3 cells were cultured in DMEM medium 
supplemented with 10% heat-inactivated FBS and l% 
penicillin/streptomycin. The cells were maintained in a 
humidif﻿ied atmosphere containing 5% CO2 incubator at 
37°C.

Male athymic BALB/c nu/nu mice (5 weeks old)  
were purchased from Shanghai Experimental Animal 
Center of the Chinese Academy of Sciences, Shanghai, 
China. Nude mice were housed in pathogen-free 
conditions. All procedures involving animals were 
performed in accordance with the institutional animal 
welfare guidelines of 101st Hospital of Chinese PLA and 
approved by the Ethics Committee of the 101st Hospital 
of Chinese PLA (Approved Code: 2015–006).

The conditioned medium

Firstly, the culture medium was added TNF-α (20 
ng/ml) and/or IFN-γ (20 ng/ml), and then MSCs were 
stimulated by the culture medium for 12 hr. Secondly, the 
culture medium of MSCs was abandoned and replaced 
with fresh DMEM nutrient mix F12 with 10% FBS. 
Thirdly, MSCs were continuing cultured in the fresh 
culture medium for 24 hr. Finally, the conditioned medium 
was collected by filtrating the supernatant culture medium 
of MSCs through 0.22 μm filter.

In vitro wound healing assay

The method of wound healing assay has been 
described by Jing et al. [36]. Briefly, PANC-1 or BxPC-3 
cells (1 × 105) were seeded on 24-well dish and incubated 
with ‘the conditioned medium’ of MSCs for 24 hr, 
and then monolayer was disrupted with a cell scraper  
(1.2 mm width). Photographs were taken in a phase-
contrast microscope at 0 hr and 48 hr. Experiments were 

carried out in triplicate and each point was recorded four 
fields.

Invasion assay

Transwell assay was modified according to the 
previous description [36]. Matrigel coated Boyden 
chambers (8 μm pre size) at 200 μg/ml and then Boyden 
chamber incubated overnight. PANC-1 or BxPC-3 cells 
were cultured with ‘the conditioned medium’ of MSCs, 
and then plated in the upper chamber of the transwell and 
allowed to grow at 37°C for 24 hr in serum-free medium, 
5% fetal bovine serum was placed in the lower chamber. 
The cells were fixed in 4% formaldehyde and stained with 
crystal violet dye. Number of cells that invaded through 
the matrigel was counted in 10 fields under the 200 × 
objective lens. Results of invasive cell number presented 
represent mean ± SD (n = 3).

Assessment of liver metastasis in vivo

To establish liver metastasis of PA in nude mice, 
MSCs were pretreated with TNF-α and IFN-γ (20 ng/ml 
each) for 12 hr and then mixed with PA cells (1.5 × 107  
PA cells and 0.5 × 107 MSCs in 0.2 ml serum-free DMEM 
medium). Cells were injected into the splenic vein of nude 
mice. Each group consisted of 8 mice. The nude mice were 
sacrificed 6 weeks later and the number and volume of 
liver metastases was calculated and statistically analyzed. 
Tumor volumes of metastatic tumors were measured using 
the following formula: length (mm) × width2 (mm2) × (π/6) 
[37]. Tumor tissues were then fixed, embedded in paraffin, 
and serially sectioned at a thickness of 4 mm. H&E 
staining was performed, and the sections were examined 
by a pathologist to verify the presence of tumors. Data 
represent the mean of three independent experiments and 
are shown as mean ± SD.

Real-time polymerase chain reaction (PCR)

The TGF-β1 in the culture supernatant of MSCs and 
EMT markers in PA cells on mRNA expression level were 
detected by real-time PCR. The MSCs were incubated 
with TNF-α (20 ng/ml) and/or IFN-γ (20 ng/ml) for 12 hr, 
and then PA cells co-cultured with conditioned medium 
of MSCs. The conditioned medium of MSCs and PA cells 
were collected to extract the total cellular mRNA with 
Trizol Reagent (Invitrogen). Expression of mRNA was 
determined by real-time PCR using SYBR Green Master 
Mix (Applied Biosystems, Foster City, CA, USA). Total 
sample RNA was normalized to endogenous β-actin 
mRNA. Primers sequences using in real-time PCR were 
showed in Table 1. Thermocycler conditions included an 
initial hold at 50°C for 2 min and then 95°C for 10 min 
which was followed by a two-step PCR program of 95°C  
for 15 sec and 60°C for 60 sec repeated for 40 cycles on 
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an Mx4000 system (Stratagene, La Jolla, CA, USA), on 
which data were collected and quantitatively analyzed. 
Expression level of mRNA is presented as fold change 
relative to an untreated control.

Enzyme linked immunosorbent assay

ELISA assays were performed with commercial 
TGF-β1 ELISA kit (R&D Systems, Minneapolis, MN). 
MSCs were stimulated by the culture medium for 12 hr 
that was added TNF-α (20 ng/ml) and IFN-γ (20 ng/ml), 
then medium was replaced by fresh serum-free culture 
medium and MSCs were cultured for another 24 hr, 
then supernatant was collected. The amount of TGF-β1 
in the culture supernatant were assayed according to the 
manufacturer’s recommendation.

Western blot assay

The TGF-β1 protein in the culture supernatant of 
MSCs and EMT related proteins in PA cells were detected 
by western blot assay. The method of western blot assay 
was performed as described [37]. The specific antibodies 
for either TGF-β1 (Abcam) or β-actin (lnvitrogen) and 
goat anti-rabbit secondary antibody (lnvitrogen) were used 

in western-blot experiments.

Immunofluorescence

Firstly, the cells (1 × 104) were seeded on a 48-
well dish for 24 hr Secondly, the cells were washed with 
PBS twice, and then fixed in 4% paraformaldehyde and 
0.1% Triton × 100 in PBS buffer at 40°C for 30 min 
Thirdly, the cells were washed with PBS, and incubated 
with the blocking solution (1% goat serum in PBS), and 
then incubated with the primary antibodies for overnight. 
Finally, after being washed with PBS, the cells incubated 
with secondary antibodies (lnvitrogen) at 37°C for 2 hr, 
and the stained with DAPI. We photographed all matched 
samples using immunofluorescence microscope and 
identical exposure times. 

Short interfering RNA (siRNA) synthesis and 
transient transfection

We designed three siRNA sequences of TGF-β1 by 
using Oligoengine software and confirmed by nucleotide 
BLAST searches. Table 2 listed the three putative 
candidate sequences and a scrambled sequence these 
were not significant homology. We used a Lipofeetamine 

Table 1: Sequence of the oligonucleotides for real-time PCR
Assays Gene Sequence (5′ → 3′)

Real-time PCR

N-cadherin

E-cadherin

Twist

β-catenin

Vimentin

TGFβ

β-actin

F
R
F
R
F
R
F
R
F
R
F
R
F
R

GCGCGTGAAGGTTTGCCAGTG
CCGGCGTTTCATCCATACCACAA
TGAAGGTGACAGAGCCTCTGGA
TGGGTGAATTCGGGCTTGTT
GGTCCATGTCCGCGTCCCACTAG
CGCCCCACGCCCTGTTTCTT
AGCCGACACCAAGAAGCAGAGATG
CGGCGCTGGGTATCCTGATGT
TGGCCGACGCCATCAACACC
CACCTCGACGCGGGCTTTGT
GCCGAGCCCTGGACACCAAC
GCGCCCGGGTTATGCTGGTT
CTCCATCCTGGCCTCGCTGT
GCTGTCACCTTCACCGTTCC

Table 2: Sequence of the oligonucleotides for siRNA construct-making assays
Assays Gene Sequence (5′  → 3′)

TGF-β1siRNA

Sequence 1

Sequence 2

Sequence 3

Control

Sense
Antisense

Sense
Antisense

Sense
Antisense

Sense
Antisense

GCAAGACUAUCGACAUGGATT
UCCAUGUCGAUAGUCUUGCTT
CACUGCAAGUGGACAUCAATT
UUGAUGUCCACUUGCAGUGTT
GCAUAUAUAUGUUCUUCAATT
UUGAAGAACAUAUAUAUGCTT
UUCUCCGAACGUGUCACGUTT
ACGUGACACGUUCGGAGAATT
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according to the kit’s instructions. Cells (1–3 × 106) grew 
to confluency of 50%–60% in l0 cm Petri dishes, and 
the siRNA sequence or their relative mock sequences 
transfected the cells. When the cells had been transfected 
for 48 hr, we observed them by fluorescence microscope 
and then harvested the cells.

Statistical analysis

All the Values presented are expressed as mean 
± SD. We compared groups by analysis of variance 
(ANOVA) with a posteriori contrast by least significant 
difference. To ensure the accuracy of the experimental 
data, all data were from at least three independently 
experiments. A value of P < 0.05 was considered 
statistically significant. Data analysis was performed by 
the SPSS software (version 16; SPSS).

Abbreviations

MSCs, Mesenchymal stem cells; EMT, epithelial-
mesenchymal transition; TGF-β1, transforming growth 
factor β1; DMEM, Dulbecco’s modified Eagle’s medium; 
FBS, fetal bovine serum; PCR, Polymerase Chain 
Reaction; PBS, phosphate-buffered saline; siRNA, short 
interfering RNA.
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