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The effects and mechanisms of blockage of STAT3 signaling pathway on IL-6
inducing EMT in human pancreatic cancer cells in vitro
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Aberrant Signal transducers and activators of transcription-3 (STAT3) signaling pathway isa major cause of tumor invasion
and metastasis; the underlying mechanisms, however, are not well understood. Epithelial-mesenchymal transition (EMT) is an
early event that occurs during invasion of cancers of an epithelial origin. It remains elusive whether STAT3signaling pathway is
involvedin EMT. The objective of this study was to evaluate the effect of blockage of STAT3 signaling pathway on IL-6 inducing
EMT in human pancreatic cancer cells. We used SW1990 cells and induced them to undergo EMT by exposing these cells to
soluble factor interleukin-6 (IL-6). The expression of Snail, E-cadherin, and Twist was detected by reverse transcription-PCR,
real-time PCR, and Western blotting. Cell morphology was observed under invert phase-contrast microscope.The invasion
ability was determined by cell invasion assay in vitro. Our results demonstrated that STAT3 signaling pathway was involved in
pancreatic cancer cell invasion and EMT, and that EMT induced by IL-6 was associated with the activation of STAT3 signaling
pathway. Inhibition of STAT?3 signaling pathway by silencing of the STAT3 gene with RNAi blocked STAT3 signaling pathway
activation and suppressed EMT in pancreatic cancer cells. Collectively, the STAT3 signaling pathway plays an important role in
the process of EMT of pancreatic cancer by regulating Snail gene expression. Better understanding of STAT3 signaling pathways

in EMT may contribute to development of novel therapeutic strategies in invasion and metastasis of pancreatic cancer.
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Pancreatic cancer is a highly lethal disease, which is usu-
ally diagnosed in an advanced stage for which there is little
or no effective therapies. It remains the fourth most common
cause of cancer-related death in the western world. The an-
nual incidence rate of pancreatic cancer is almost identical
to the mortality rate, approximately 42,470 new cases are
diagnosed each year in the United States, and approximately
35,240 patients die from this disease[1]. Because of the ag-
gressive natural history of this disease, less than 10% of these
cases constitute candidates for surgical resection at the time of
diagnosis. Although an adjuvant treatment regimen after surgi-
cal resection seems to prolong survival, the precise treatment
protocol including drug-of-choice is still debated and the focus
of several ongoing clinical trials[2]. Effective systemic therapy
capable of reversing the aggressive biology of this disease is
currently not available. Thus, Attempts to better understand
the molecular characteristics of pancreatic cancer is one of the
most important issues for treatment.

Signal transducer and activator of transcription 3(STAT3)
is an oncogene that is activated by phosphorylation of
a conserved tyrosine residue in response to extracellular
signals and oncogenes. Once tyrosine is phosphorylated, two
STAT3 monomers form dimers through reciprocal phospho-
tyrosine-SH2 interactions. The dimers are phosphorylated
STAT3 (p-STAT3), which translocate to the nucleus and bind
to cognate DNA sequences, regulate the transcription of
target genes and modulate fundamental cellular processes,
such as proliferation and differentiation. Inappropriate and
constitutive activation of STAT3 may be responsible for
pancreatic cancer progression through regulating the expres-
sions of target genes, such as Bcl-xL, Mcl-1, Bcl-2, Fas, cyclin
D1, survivin, c-Myc, VEGE, MMP-2and MMP-9(3]. Specifi-
cally, the level of activated STAT3 protein has been found to
be associated with invasion in various types of tumors. For
example, activation of STAT3 in thymic epithelial tumors[4],
colorectal adenocarcinoma[5], and cutaneous squamous cell
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carcinoma[6] correlates with local invasion and lymph node
metastasis. Inhibition of STAT3 signaling pathway suppresses
cancer cell growth, invasion and induces apoptosis in vari-
ous cancers [7]. STAT3 signaling pathway may be one of the
common pathways involved in regulating cancer invasion
and metastasis.

Epithelial tight junctions form a functional and morpho-
logic boundary on the cell surface and participate in the
maintenance of epithelial integrity that protects multicellular
organisms from the external environment. During Epithelial to
mesenchymal transition (EMT), cells undergo a developmen-
tal switch from a polarized, epithelial phenotype to a highly
motile fibroblastoid or mesenchymal phenotype[8], which is
often accompanied by the dissolution of epithelial tight junc-
tions, the loss of cell adhesion, down-regulated expression of
some epithelial markers, as well as the acquisition of migra-
tory and invasive properties. EMT is associated with the loss
of expression and/or mis-localization of proteins involved in
the formation of cell-cell junctions, such as E-cadherin, zonula
occludens (ZO-1) and claudin, and the gain of expression of
mesenchymal proteins such as fibroblast specific protein 1
(FSP-1), smooth muscle actin and fibronectin, as well as cer-
tain integrins [9]. EMT is actively involved not only in tissue
homeostasis, wound healing, fibrosis, and embryonic develop-
ment but also in tumor invasion, metastasis[10-13]. In recent
years, EMT has been received much attention. EMT has been
associated with poor prognosis in several cancers, including
prostate, breast, non-small-cell lung, pancreatic cancers and
colorectal cancers[14-18]. However, its regulatory mechanism
has not been well understood. Previous studies of other solid
tumors support the association of increased EMT with the
ability of cancer cells to migrate, invade and metastasize[8,
19-21]. EMT is a key step during embryonic morphogenesis
and is involved in the progression of primary tumors toward
metastasis[22].

RNA interfence (RNAi) is the process by which double-
stranded RNA induces potent and specific inhibition of
eukaryotic gene expression and has been widely used by
researchers to silence the expression of many target genes be-
cause of their high specificity and apparent non-toxicity[23].
Furthermore, systems based on lentiviral vectors have
provided new solutions to achieving stable shRNA-medi-
ated knockdown[24].In our previous studies, we successfully
constructed the LV (lentivirus)-STAT3siRNA (STAT3 small
interfering RNA) and proved that it can suppress expression
of STAT3 gene in SW1990 cells[25].

The pleiotropic cytokine interleukin-6 (IL-6) is a major
activator of STAT3; IL-6 stimulates the formation of tyro-
sine-phosphorylated STAT3 (p-STAT3) in cancer cells[26].
In our previous studies, we used IL-6 to activate STAT3 signal
in pancreatic cancer cells and proved that IL-6 can increase
expression of STAT3 gene in pancreatic cancer cells [27].

Our present study was to investigate the roles STAT3
signaling pathway plays in EMT of pancreatic cancer. We
constructed lentivirus vector mediating RNA interference

targeting STAT3 in SW1990, and then used IL-6 to stimu-
late STAT3-siRNA SW1990 cells, observed the changes of
morphology, adhesion and invasion capability, the activation
of STAT3 signaling pathway and expression of EMT related
genes including E-cadherin, Snail, TWIST. Our results dem-
onstrate that activation of the STAT3 signaling pathway is
critical for EMT and invasive behavior of pancreatic cancer
cells and silencing of the STAT3 gene with RNAi may provide
a novel strategy for investigation of the role of STAT3 gene
in the invasion of human pancreatic cancers.

Materials and methods

Cells and reagents. Human pancreatic cancer cell lines
SW1990 was obtained from American Type Culture Col-
lection (ATCC). Tumor cells were maintained in Dulbecco’s
modified Eagle’s medium (DMEM) supplemented with 10%
fetal calf serum, 100 units/mL penicillin, and 100 ug/mL
streptomycin in a humidified incubator with an atmos-
phere of 5% CO2, 95% air at 37°C. In our previous studies,
we constructed three lentivirus vector mediating RNA1
targeting of STAT3(LV-STAT3siRNA-1, 2, 3) and proved LV-
STAT3siRNA-2 had the most obvious gene silencing effect.
We also constructed a negative control scrambled siRNA
expression vector (LV-Con). LV-Con and LV-STAT3siRNA-
2 expression vector were carried out in SW1990 cells, and
SW1990 LV-Con transfectants (SW1990-Con) and SW1990
LV-STAT3siRNA transfectants (SW1990-RNAi) were es-
tablished as recently described in details [25].Recombinant
IL-6 (Peprotech, Princeton, USA) was dissolved in 5-10mM
Acetic Acid to a concentration of 0.1-0.5mg/ml and then
diluted with the culture medium for experiments. SW1990,
SW1990-Con and SW1990-RNAi cells were treated with
100ng/mL IL-6 for 24 hours.

Invasion assay. Invasion assay was performed using a spe-
cialized invasion chamber that included a 24-well tissue culture
plate with 12 cell-culture inserts (Chemicon, Temecula, CA,
USA). The inserts contained an 8 um pore size polycarbonate
membrane with a precoated thin layer of basement membrane
matrix (ECMatrix). Briefly, medium supplemented with 10%
fetal bovine serum was poured into the lower chamber as
a hemo-attractant. After reaching 60-70% subconfluence,
pancreatic cancer cells were trypsinized, re-suspended in
DMEM (1x10° cells/mL), 300uL were added to each upper
compartment. After 48 h incubation at 37°C, non-invasive
cells were removed from the upper surface of the membrane
using a moist cotton-tipped swab. Invasive cells on the lower
surface of the membrane, which had invaded the ECMatrix
and had migrated through the polycarbonate membrane, were
stained with the staining solution for 20 min and rinsed with
distilled water several times. Invasiveness was quantitated
by selected ten different views (400 times) and counted the
number of invasion cells.

Reverse transcription-polymerase chain reaction (RT-
PCR). Total RNA extraction from pancreatic cancer cells was
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performed with Trizol Reagent (Life Technologies, Rockville,
MD, USA). Then, 2 ug of total RNA was reverse transcribed
with the First Strand cDNA Synthesis Kit (Promega, Madison,
WI, USA) to synthesize cDNA samples. Subsequently, 2 pL
of cDNA product was then subjected to PCR amplification
with Taq DNA polymerase (Sangon,Shanghai, China) on
a thermal cycler using the following primers. The PCR
primers used to detect each factor were as follows: STAT3,
sense strand 5-CACCAAGCGAGGACTGAGCAT-3’,
antisense strand 5-GCCAGACCCAGAAGGAGAAGC-
3, with a product length of 149bp, Snail, sense strand
5-CAGACCCACTCAGATGTCAA-3’, antisense strand 5’-
CATAGTTAGTCACACCTCGT-3’, with a product length
of 557bp; Twist, sense strand 5-GGGAGTCCGCAGTCT-
TAC-3] antisense strand 5’-CCTGTCTCGCTTTCTCTTT-3;
with a product length of 527bp; E-cadherin, sense strand
5-ATTCTGATTCTGCTGCTCTTG-3’, antisense strand
5-AGTAGTCATAGTCCTGGTCTT-3, with a product
length of 420bp; and B-actin, sense strand 5’-ATCTGGCAC-
CACACCTTCTACAATGAGCTGCG-3’, antisense strand
5-CGTCATACTCCTGCTTGCTGATCCACATCTGC-3;,
with a product length of 838 bp. The PCR conditions were as
follows: one cycle of denaturing at 94°C for 5 min, followed
by 30 cycles of 94°C for 1 min, 60°C for 1 min and 72°C for
1 min, before a final extension at 72°C for 10 min. The PCR
products were loaded onto 2% agarose gels and visualized
with ethidium bromide under UV light.

Quantification by real-time PCR.Total RNA was isolated
using TRIzol LS (Invitrogen, Carlsbad, USA). The concentration
and purity of RNA was determined using a spectrophotometer.
cDNA was synthesized with M-MLV reverse transcriptase
(Promega, Madison, USA). Quantitative RT-PCR assays were
carried out using SYBR Green Real time PCR Master Mix (TOY-
OBO, Osaka, Japan), using realplex S real-time quantitative
PCR amplification equipment ( Eppendorf, Hamburg, Germa-
ny). The primers and amplicon sizes were: STAT3, sense strand
5-CACCAAGCGAGGACTGAGCAT-3 antisense strand 5’
GCCAGACCCAGAAGGAGAAGC-3;witha productlength of
149bp, Snail sense strand 5’-GAAGCCTAACTACAGCGAGCT
-3’ antisense strand 5- CAGGACAGAGTCCCAGATGA-
3’ with a product length of 151bp, E-cadherin sense strand
5- GCCAGGAAATCACATCCTACA-3’ antisense strand
5- AATCCTCCCTGTCCAGCTC-3’ with a product length of
153bp, B-actin sense strand 5’-CACCAACTGGGACGACAT-
3} antisense strand 5’-ATCTGGGTCATCTTCTCGC-3’, with
a product length of 138bp (Shenggong Biotech, Shanghai,
China). PCR parameters: 95°C for 5min, then 95°C for 30 s,
56°C for 30s, 72°C for 40s for 40 cycles. A Standard calibra-
tion curve for expression of each mRNA was generated using
eight-fold dilutions of a control RNA sample.

Western blot. Whole-cell protein extracts and nuclear
protein extracts from pancreatic cancer cells were prepared
with RIPA Lysis Buffer (Santa Cruz Biotechnology, Santa Cruz,
USA) and Nuclear Extract Kit (Active Motif, Carlsbad, USA),
respectively, according to the manufacturers’ instructions.

Protein concentrations were determined using an assay kit
(Bio-Rad). Lysates containing 100 pg of protein were mixed
with loading-buffer with 5%p-mercaptoethanol, and heated
for 5 min at 100°C. Samples were separated by sodium do-
decyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
and transferred onto nitrocellulose membranes by semidry
blotting. Membranes were incubated in blocking buffer (tris
buffered saline TBS), 0.1% Tween 20, and 5% non-fat dry milk)
for 1 h at room temperature, followed by hybridization with
anti-p-STAT3 (tyr-705) antibody (Cell Signaling Technology
1:1000 dilution), anti-STAT3 antibody (Cell Signaling Tech-
nology; 1:1000 dilution), anti-Snail antibody (Cell Signaling
Technology; 1:1000 dilution), anti-E-cadherin antibody
(Cell Signaling Technology; 1:1000 dilution), anti-TWIST
antibody (Cell Signaling Technology; 1:1000 dilution), anti
B-actin antibody (Lab Vision, Fremont, USA; 1:100 dilution),
at 4° overnight. After three washes in TBS/0.1% Tween 20,
the membranes underwent hybridization with a horseradish
peroxidase-conjugated secondary antibody rabbit IgG (Santa
Cruz Biotechnology; 1:5000 dilution) for 1 h at room tempera-
ture. After three washes in TBS/0.1% Tween 20, signals were
detected by chemiluminescence using the western blotting
luminol reagent (Santa Cruz Biotechnology).

Statistical analysis. All assays were conducted three times
and found to be reproducible. Data were expressed as mean *
SD. Statistical correlation of data between groups was checked
for significance by Student’s t test. Differences with P<0.05
were considered significant. These analyses were performed
using SPSS 11.0 software.

Results

Effects of LV-STAT3siRNA-2 and IL-6 on STAT?3 expres-
sion of pancreatic cancer cells. The expression of STAT3 was
analyzed at the mRNA level by semiquantitative RT-PCR (Fig.
1A) and real-time PCR (Fig. 1B). Protein expression of STAT3
and p- STAT3 was evaluated by Western blotting (Fig. 1C) in
the human pancreatic cancer cell lines. RT-PCR and real-time
PCR indicated that the levels of STAT3 mRNA expression in
the transfectants containing LV-STAT3siRNA-2 (SW1990-
RNAIi) were significantly decreased as compared to that of
parental SW1990 or SW1990-Con cells. Moreover, enforced
expression of LV-STAT3siRNA-2 in SW1990 cells significantly
suppressed STAT3 and p-STAT3 protein expression as deter-
mined by Western blotting analysis. SW1990, SW1990-Con
and SW1990-RNAi cells were treated with 100ng/mL IL-6
for 24 hours. After treatment, in SW1990 and SW1990-Con
cells, STAT3 protein expression had no significant change,
but p-STAT3 protein expression increased significantly; in
SW1990-RNA:i cells, both STAT3 and p-STAT3 protein expres-
sion had no significant change.

Change of STAT3 signaling pathway activation influence
morphology of SW1990 cells. Cell morphology was observed
under invert phase-contrast microscope. Pancreatic cancer
cells SW1990 exhibit a typical polygonal cobblestone epithelial
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Figure 1. Effects of LV-STAT3siRNA-2 and IL-6 on STAT3 expression of pancreatic cancer cells

The expression of STAT3 were analyzed at the mRNA level by RT-PCR and real-time PCR. STAT3 and p-STAT3 protein expression was evaluated by
Western blotting in the human pancreatic cancer cell lines. A, RT-PCR. B, real-time PCR. C, Western blotting. 1, SW1990 group; 2, SW1990-Con
group; 3, SW1990-RNAi group; 4 IL-6+SW1990 group; 5, IL-6+SW1990-Con group; 6, IL-6+SW1990-RNAi group. Western blotting results showed
that stable transfection of LV-STAT3siRNA-2 suppressed STAT3 protein (P=0.000) and p-STAT3 protein level (P=0.001). Then, SW1990, SW1990-
Con, SW1990-RNAi group cells were treated with 100ng/mL IL-6 for 24 hours. In SW1990 and SW1990-Con group, STAT3 protein expression had
no change, but p-STAT3 protein expression increased(P=0.042;P=0.003); in SW1990-RNAi group, both STAT3 and p-STAT3 protein expression

had no significant change.

morphology when grown in culture. Both LV-Con and LV-
STAT3siRNA-2 had no significant effects on cell morphology
of SW1990 cells.

After treatment with 100ng/mL IL-6 on SW1990 and
SW1990-Con cells for 24 hours, all cells underwent typical
EMT morphological and cellular changes [28-30]: cancer cells
started to loose cell contacts, scattered from cell clusters and
acquired a spindle-shaped and fibroblast-like phenotype. How-
ever, after treatment with 100ng/mL IL-6 on SW1990-RNAi
cells for 24 hours, only some SW1990-RNA cells underwent

typical EMT morphological and cellular changes. The results
of cell morphology were shown in Figures 2.

Change of STAT3 signaling pathway activation influence
invasion ability of SW1990 cells. We performed an in vitro
invasion assay. The invasion system was set up as described
in Materials and methods. LV-Con had no effect on invasion
of SW1990 cells. When compared with parental cells or cells
transfected with LV-Con, LV-STAT3siRNA-2 transfected cells
showed a substantial reduction in invasive capacity. After
treatment with 100ng/mL IL-6 on SW1990, SW1990-Con and
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Figure 2. Change of STAT?3 signaling pathway activation influence morphology of SW1990 cells

Cell morphology was observed under invert phase-contrast microscope. 1, SW1990 group; 2, SW1990-Con group; 3, SW1990-RNAi group; 4 IL-6+SW1990
group; 5, IL-6+SW1990-Con group; 6, IL-6+SW1990-RNAi group. SW1990 cells exhibit a typical polygonal cobblestone epithelial morphology. Both
LV-Con and LV-STAT3siRNA-2 had no significant effects on cell morphology of SW1990 cells. After treatment with IL-6 on SW1990 and SW1990-
Con cells, all cells underwent typical EMT morphological and cellular changes. However, after treatment with IL-6 on SW1990-RNAI cells, only some
SW1990-RNAI cells underwent typical EMT morphological and cellular changes.

SW1990-RNAi group cells for 24 hours, cell invasion ability
significantly increased compared with their corresponding
group. Howerer, the invasion ability of IL-6+SW1990-RNAi
group was significantly lower compared with IL-6+SW1990
group or IL-6+ SW1990-Con group. The results of cell invasion
were shown in Figures 3.

Change of STAT3 signaling pathway activation influence
Expression of Snail, Twist and E-cadherin. The expression
of Snail, Twist, and E-cadherin were analyzed at the mRNA
level by semiquantitative RT-PCR (Fig. 4A) and real-time PCR
(Fig. 4B). Protein expression was evaluated by Western blotting
(Fig. 5) in the human pancreatic cancer cells. Twist showed no
expression in SW1990 pancreatic cancer cell lines. Silencing of
STAT3 expression by stable transfection of LV-STAT3siRNA-2
can significantly suppressed the expression of Snail and mark-
edly increased the expression of E-cadherin at mRNA and
protein level. After treatment with 100ng/mL IL-6 on SW1990,
SW1990-Con cells for 24 hours, the mRNA and protein ex-
pression of Snail significantly increased and the mRNA and
protein expression of E-cadherin markedly decreased. After
treatment with 100ng/mL IL-6 on SW1990-RNAI cells for 24
hours, the expression of E-cadherin markedly decreased; the
expression of snail protein and mRNA level increased, but
have no statistical significance.

Discussion

STATS3 is a key signal transduction protein that mediates
signaling by numerous cytokines, peptide growth factors,
and oncoproteins. There is much evidence that implicates the
important roles for STAT3 in cell proliferation and survival in
diverse human cancers, including pancreatic cancer. JAK is re-
sponsible for the tyrosine phosphorylation of STAT3 in response
to extracellular signals and oncogenes. The pleiotropic cytokine
IL-6is a major activator of STAT3, IL-6 stimulates the formation
of tyrosine-phosphorylated STAT3 (p-STAT3) in cancer cells
[31,32]. Through the JAK/STAT?3 signaling pathway, IL-6 plays
an important role in cell proliferation, apoptosis, angiogenesis,
metastasis, and other biological activities[33].

In our study, through analyzing expressing of STAT3, p-
STAT3, we found IL-6 can activate STAT3 signaling pathway
by upregulating the expressing of p-STAT3. Through exam-
ing the invasive ability of pancreatic cancer cells with a cell
invasion assay kit, we found that IL-6 could increase invasion
ability of SW1990 cells. However, STAT3 silence with RNAi in
SW1990 cells could decrease the invasion ability of pancreatic
cancer cells. Therefore, there is a strong relationship between
IL-6-STAT?3 signal pathway and the invasive ability of human
pancreatic cancer cells.
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Figure 3. Change of STAT3 signaling pathway activation influence invasion ability of SW1990 cells.

Invasion assay was performed using a specialized invasion chamber. Invasion chamber that included a 24-well tissue culture plate with 12 cell-culture inserts.
(A)The blue-stained cells were those that invaded the ECMatrix and migrated through the polycarbonate membrane to the lower surface of the membrane(original
magnification x200). 1, SW1990 group; 2, SW1990-Con group; 3, SW1990-RNAi group; 4 IL-6+SW1990 group; 5, IL-6+SW1990-Con group; 6, IL-6+SW1990-
RNAi group. (B) Invasion assay indicated LV-STAT3siRNA-2 (P=0.003 vs SW1990-Con group; P=0.000 vs SW1990 group) significantly decreased the invasion
ability of SW1990 cells. IL-6 can increased the invasion ability in 4, 5 and 6 group cells compared with 1,2 and 3 group cells (P=0.028, P=0.028, P=0.008). Howerer,
the invasion ability of IL-6+SW1990-RNAi group was significantly lower compared with IL-6+SW1990 group or IL-6+ SW1990-Con group(P=0.000).

EMT is a crucial process in tumor progression providing tu-  adhesion ability to extracellular matrix. EMT is considered to
mor cells with the ability to escape from the primary tumor,to ~ promote the early stages of invasion and metastasis that allow
invade tissues and to migrate to distant regions. EMT requires ~ primary tumor cells to invade the basement membrane and
a loss of cell-cell adhesion and apical-basal polarity, as wellas  disseminate into the circulation. Several genes have emerged in
the acquisition of a fibroblastoid motile phenotype and the  recent years thatinduce EMT, with important implications for
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Figure 4. Change of STAT3 signaling pathway activation influence mRNA
expression of Snail, Twist and E-cadherin.

The expression of Snail, Twist and E-cadherin were analyzed at the
mRNA level by RT-PCR and real-time PCR. Protein expression was
evaluated by Western blotting in the human pancreatic cancer cell lines.
A, RT-PCR. B, real-time PCR. C, Western blotting. 1, SW1990 group; 2,
SW1990-Con group; 3, SW1990-RNAi group; 4 IL-6+SW1990 group; 5,
IL-6+SW1990-Con group; 6, IL-6+SW1990-RNAi group. Twist and E-cad-
herin. Real-time PCR results showed that Silencing of STAT3 expression
by stable transfection of LV-STAT3siRNA-2 suppressed Snail mRNA level
(P=0.017) and increased expression of E-cadherin(P=0.033) compared
with the SW1990 group. Then, SW1990, SW1990-Con, SW1990-RNAi
group cells were treated with 100ng/mL IL-6 for 24 hours. In SW1990 and
SW1990-Con group, expression of STAT3 has no change, Snail mRNA level
increased(P=0.004;P=0.006) and E-cadherin decreased(P=0.033;P=0.042);
in SW1990-RNAi group, expression of E-cadherin mRNA level markedly
decreased(P=0.009), expression of Snail mRNA level increased, but had
no statistical significance.

£
=
T

e
)

g

Snail/B-actin (mRNAD
- -
o &

g

=
-1 e
1

E-cad/B-actin {tmRNA)D
o o o o o o
[T -N
T T

= e B W B

i

Lentivirus —_ Con siRNA — Con siRNA

100ng/mL IL-6 24h

Figure 5. Change of STAT3 signaling pathway activation influence protein
expression of Snail, Twist and E-cadherin.

The protein expressions of Snail, Twist and E-cadherin were evaluated
by Western blotting in the human pancreatic cancer cell lines. 1, SW1990
group; 2, SW1990-Con group; 3, SW1990-RNAi group; 4 IL-6+SW1990
group; 5, IL-6+SW1990-Con group; 6, IL-6+SW1990-RNAi group. Western
blotting results showed that silencing of STAT3 expression by stable trans-
fection of LV-STAT3siRNA-2 suppressed Snail mRNA level (P=0.012) and
increased expression of E-cadherin(P=0.014) compared with the SW1990
group. Then, SW1990, SW1990-Con, SW1990-RNAi group cells were
treated with 100ng/mL IL-6 for 24 hours. In SW1990 and SW1990-Con
group, expression of Snail protein increased(P=0.004;P=0.006) and E-cad-
herin protein level decreased(P=0.015;P=0.041); in SW1990-RNAi group,
expression of E-cadherin protein markedly decreased(P=0.007), expression
of Snail protein increased, but had no statistical significance.

tumor progression. Loss of E-cadherin expression is a hallmark
of EMT. Many solid cancers such as prostate cancer, pancre-
atic cancer, renal cancer, gastric cancers, and certain types of
breast cancers are associated with a loss or down-regulation of
E-cadherin expression[11,34]. Reduced E-cadherin expression
contributes to the transition of adenoma to carcinoma in ani-
mal models and is inversely correlated with tumor stage[21].
Loss of E-cadherin can be attributed to gene mutations, or to
inhibition of gene transcription stimulated by activation of
certain cellular signaling pathways that result in the activa-
tion of repressors of E-cadherin gene transcription, such as
Snail and Twist[34,35]. Twist is frequently overexpressed in
many human cancers[36]. The elevated Twist protein levels
are associated with advance tumor stage and poor prognosis
in several types of cancer[37-39]. Further, increased Twist
in cancer cells has been shown to promote metastatic ability
in vivo and induce EMT in vitro[40,41]. The transcriptional
factor Snail has been described to be direct repressors of E-
cadherin in vitro and in vivo[42,43]. Snail binds to E-cadherin
and leads to the initiation of the invasive process through the
down-regulation of E-cadherin[44].

EMT is regulated by complex signaling networks, includ-
ing the Ras—Raf-Erk signal transduction cascade, EGF/EGFR
pathway, TGF- and Raf/MAPK/Erk signaling etc. The potential
roles of STAT3 signaling pathway during EMT remain com-
pletelyunknown. Recent studies have reported that EGF/EGFR
signaling pathways induce cancer cell EMT via STAT3-mediated
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TWIST gene expression[45]. Oncostatin M has been shown to
induce EMT in tubular epithelial cells through activation of
JAK/STAT3 pathway[46], Recently, gastrin has been reported
to induce EMT in colon cancer through the JAK/STAT?3 path-
way [47], while gastrin-releasing peptides have been shown to
activate EGFR in pancreatic cancer[48]. In addition, STAT3
signaling pathway may be critical for EMT biology in cancer. In
this study, Twist showed no expression in SW1990 pancreatic
cancer cell lines, when analyzed the changes of cell morphology,
invasion ability and expression of Snail and E-cadherin.

In our study; all cells underwent typical EMT morphological
changes and cell invasion ability significantly increased after
treatment with IL-6 on SW1990 and SW1990-Con cells. How-
ever, after treatment with IL-6 on SW1990-RNAI cells, only
some SW1990-RNAIi cells underwent typical EMT morpho-
logical changes and the invasion ability of IL-6+SW1990-RNAi
group was significantly lower compared with IL-6+SW1990
group or IL-6+ SW1990-Con group. These findings demon-
strated that IL-6 could promote EMT process and invasion
ability and that STAT3-siRNA could inhibit EMT process and
invasion ability induced by IL-6 in SW1990 cell. Therefore, we
now showed that the activation of STAT3 signaling pathway
may be a pre-requisite for IL-6-induced EMT in SW1990
cell lines, as STAT3-siRNA in SW1990 cells not only led to
an inhibition of STAT3 signaling pathway activation but also
inhibition of EMT process and invasion ability.

In our study, after treatment with IL-6 on SW1990-RNAi
group cells, we found IL-6 can decreased expression of E-cad-
herin, but IL-6 didn’t markedly increased Snail expression in
SW1990-RNAi group. These findings highlighted the potential
significance of STAT3 signaling pathway in EMT of pancre-
atic cells. We suggested that IL-6 can promote invasion and
EMT via activation of many signaling pathways in SW1990
cells, STAT3 signaling pathway is one of these pathways. The
molecular mechanism that STAT3 signaling pathway inducing
EMT of pancreatic cancer cells may be mainly via up-regulated
Snail gene, down-regulated E-cadherin might have certain role,
but needs further verification.

On the whole, the present study indicates that siRNA
targeting of STAT3 via a lentivirus vector system effectively
sustains knock-down of the STAT3 gene expression in SW1990
cells. The lentivirus RNAIi vector targeting STAT3 has been
successfully constructed, which will provide a tool for the
further study on function of STAT3 gene in pancreatic cancer
cells. Many signaling pathways were involved in the process
of EMT, STATS3 signaling pathway is one of them. Our study
found that STAT3 signaling pathway plays an important role
by regulating expression of Snail and E-cadherin in EMT and
invasion of pancreatic cancer. Hence, STAT3 signaling pathway
may represent novel therapeutic targets for pharmacological
intervention in the management of pancreatic cancer EMT
and invasion in the future.

Acknowledgements. This work was supported by a grant (No.
09QA1404600) awarded by fund for scientific research of Science

and Technology Commission of Shanghai Municipality and a grant
(No. 0801) awarded by fund for scientific research of Affiliated First
People’s Hospital Affiliated to Shanghai Jiao Tong University.

References

[1] JEMAL A, SIEGEL R, WARD E, HAO Y, XU et al. Cancer
Statistics,2009.CA Cancer J Clin 2009;59:225-49. d0i:10.3322/
caac.20006

[2] BOECK S, ANKERST DP, HEINEMANN V. The role of
adjuvant chemotherapy for patients with resected pancreatic
cancer: systematic review of randomized controlled trials
and meta-analysis. Oncology 2007; 72: 314-21. d0i:10.1159/
000113054

[3]  HUANG S. Regulation of metastases by signal transducer
and activator of transcription 3 signaling pathway: clinical
implications. Clin Cancer Res 2007; 13: 1362-6. d0i:10.1158/
1078-0432.CCR-06-2313

[4] CHANG KC, WU MH, JONES D, CHEN FFE TSENG YL.
Activation of STAT3 in thymic epithelial tumours correlates
with tumour type and clinical behaviour. ] Pathol 2006; 210:
224-33. d0i:10.1002/path.2041

[5] KUSABA T, NAKAYAMA T, YAMAZUMI K, YAKATA
Y, YOSHIZAKI A et al. Expression of p-STAT3 in human
colorectal adenocarcinoma and adenoma; correlation with
clinicopathological factors. J Clin Pathol 2005; 58: 833-8.
doi:10.1136/jcp.2004.023416

[6]  SUIQING C, MIN Z, LIRONG C. Overexpression of phos-
phorylated-STAT3 correlated with the invasion and metastasis
of cutaneous squamous cell carcinoma. ] Dermatol 2005; 32:
354-60.

[7] HUANG C, CAO J, HUANG KJ, ZHANG E JIANG T et al.
Inhibition of STAT3 activity with AG490 decreases the inva-
sion of human pancreatic cancer cells in vitro. Cancer Sci
2006; 97: 1417-23. d0i:10.1111/j.1349-7006.2006.00340.x

(8] HUBER MA, KRAUT N, BEUG H. Molecular require-
ments for epithelial-mesenchymal transition during
tumor progression. Curr Opin Cell Biol 2005; 17: 548-58.
d0i:10.1016/j.ceb.2005.08.001

[9]  THIERY JP, SLEEMAN JP. Complex networks orchestrate
epithelial-mesenchymal transitions. Nat Rev Mol Cell Biol
2006; 7: 131-42. d0i:10.1038/nrm1835

[10] KALLURIR, NEILSON EG. Epithelial-mesenchymal transi-
tion and its implications for fibrosis. J Clin Invest 2003; 112:
1776-84.

[11] THIERY JP. Epithelial-mesenchymal transitions in tumour
progression. Nat Rev Cancer 2002; 2: 442-54. doi:10.1038/
nrc822

[12] THIERY JP. Epithelial-mesenchymal transitions in develop-
ment and pathologies. Curr Opin Cell Biol 2003; 15: 740-6.
d0i:10.1016/j.ceb.2003.10.006

[13] PRINDULL G, ZIPORI D. Environmental guidance of normal
and tumor cell plasticity: epithelial mesenchymal transitions
as a paradigm. Blood 2004; 103: 2892-9. d0i:10.1182/blood-
2003-08-2807

[14] FUCHS IB, LICHTENEGGER W, BUEHLER H, HENRICH
W, STEIN H et al. The prognostic significance of epithelial-




404

C. HUANG, G. YANG, T. JIANG, G. ZHU, H. L1, Z. QIU

(19]

(21]

mesenchymal transition in breast cancer. Anticancer Res 2002;
22:3415-9.

BATES RC, MERCURIO AM. The epithelial-mesenchymal
transition (EMT) and colorectal cancer progression. Cancer
Biol Ther 2005; 4: 365-70. d0i:10.4161/cbt.4.4.1655

Xu J, Wang R, Xie ZH, Odero-Marah V, Pathak S et al. Pros-
tate cancer metastasis: role of the host microenvironment in
promoting epithelial to mesenchymal transition and increased
bone and adrenal gland metastasis. Prostate 2006; 66: 1664-73.
d0i:10.1002/pros.20488

YAUCH RL, JANUARIO T, EBERHARD DA, CAVET G, ZHU
W et al. Epithelial versus mesenchymal phenotype determines
in vitro sensitivity and predicts clinical activity of erlotinib
in lung cancer patients. Clin Cancer Res 2005; 11: 8686-98.
d0i:10.1158/1078-0432.CCR-05-1492

JAVLE MM, GIBBS JF, IWATA KK, PAK'Y, RUTLEDGE P et
al. Epithelial-mesenchymal transition (EMT) and activated
extracellular signal-regulated kinase (p-Erk) in surgically
resected pancreatic cancer. Ann Surg Oncol 2007; 14: 3527-33.
doi:10.1245/s10434-007-9540-3

GOTZMANN ], MIKULA M, EGER A, SCHULTE-HER-
MANN R, FOISNER R et al. Molecular aspects of epithelial cell
plasticity: implications for local tumor invasion and metastasis.
Mutat Res 2004; 566: 9-20. d0i:10.1016/S1383-5742(03)00033-
4

BRABLETZ T, HLUBEK F, SPADERNA S, SCHMALHOFER
O, HIENDLMEYER E et al. Invasion and metastasis in
colorectal cancer: epithelial-mesenchymal transition, mesen-
chymal-epithelial transition, stem cells and beta-catenin. Cells
Tissues Organs 2005; 179:56-65. d0i:10.1159/000084509
TAYLOR KM, HISCOX S, NICHOLSON RI. Zinc trans-
porter LIV-1: alink between cellular development and
cancer progression. Trends Endocrinol Metab 2004; 15: 461-3.
d0i:10.1016/j.tem.2004.10.003

BOYER B, VALLES AM, EDME N. Induction and regulation
of epithelial-mesenchymal transitions. Biochem Pharmacol
2000; 60: 1091-9. doi:10.1016/S0006-2952(00)00427-5
HANNON G J. RNA interference. Nature 2002;418:244-51.
doi:10.1038/418244a

QIN XE AN DS, CHEN IS, BALTIMORE D. Inhibiting HIV-1
infection in human T cells by lentiviral-mediated delivery of
small interfering RNA against CCR5. Proc Natl Acad Sci USA
2003; 100: 183-188. d0i:10.1073/pnas.232688199

YANG G, HUANG C, CAO J, HUANG K], JIANG T et al.
Lentivirus-mediated shRNA interference targeting STAT3
inhibits human pancreatic cancer cell invasion. World J Gas-
troenterol 2009; 15: 3757-66. doi:10.3748/wjg.15.3757
HODGE DR, HURT EM, FARRAR WL: The role of IL-6
and STAT?3 in inflammation and cancer. Eur J Cancer 2005,
41:2502-12. d0i:10.1016/j.ejca.2005.08.016

HUANG C, YANG G, JIANG T, HUANG K, CAO J et al.
Effects of IL-6 and AG490 on regulation of Stat3 signaling
pathway and invasion of human pancreatic cancer cells in
vitro. ] Exp Clin Cancer Res, 2010,29(1):51. d0i:10.1186/1756-
9966-29-51

LARUE L, BELLACOSA A. Epithelial-mesenchymal
transition in development and cancer: role of phosphatidyli-

(38]

[40]

(41]

nositol 3‘ kinase/ AKT pathways. Oncogene. 2005;24:7443-54.
d0i:10.1038/sj.0nc.1209091

LEE JM, DEDHAR S, KALLURI R, THOMPSON EW. The
epithelial-mesenchymal transition: new insights in signal-
ing, development, and disease. J Cell Biol. 2006;172:973-81.
d0i:10.1083/jcb.200601018

MOUSTAKAS A, HELDIN CH. Signaling networks guiding
epithelial-mesenchymal transitions during embryogenesis and
cancer progression. Cancer Sci. 2007;98:1512-20. doi:10.1111/
j.1349-7006.2007.00550.x

YANG], LIAO X, AGARWAL MK, BARNES L, AURON PE et
al. Unphosphorylated STAT3 accumulates in response to IL-6
and activates transcription by binding to NFkappaB. Genes
Dev 2007; 21: 1396-408. d0i:10.1101/gad.1553707
SEKIKAWA A, FUKUI H, FUJII S, ICHIKAWA K, TOMITA
S et al. REG Ialpha protein mediates an anti-apoptotic effect of
STAT?3 signaling in gastric cancer cells. Carcinogenesis 2008;
29: 76-83. d0i:10.1093/carcin/bgm?250

HODGE DR, HURT EM, FARRAR WL. The role of IL-6 and
STAT?3 in inflammation and cancer. Eur ] Cancer 2005; 41:
2502-12. d0i:10.1016/j.ejca.2005.08.016

THOMPSON EW, NEWGREEN DF, TARIN D. Carcinoma
invasion and metastasis: a role for epithelial-mesenchymal
transition? Cancer Res 2005; 65: 5991-5. doi:10.1158/0008-
5472.CAN-05-0616

BATLLE E, SANCHO E, FRANCI C, DOMINGUEZ D,
MONFAR M et al. The transcription factor snail is a repressor
of E-cadherin gene expression in epithelial tumour cells. Nat
Cell Biol 2000; 2: 84-9. d0i:10.1038/35000034

PUISIEUX A, VALSESIA-WITTMANN S, ANSIEAU S.
A twist for survival and cancer progression. Br ] Cancer 2006;
94:13-7. d0i:10.1038/sj.bjc.6602876

ZHANG Z,XIE D, LI X, WONG YC, XIN D et al. Significance
of TWIST expression and its association with E-cadherin in
bladder cancer. Hum Pathol 2007; 38: 598-606. doi:10.1016/
j.humpath.2006.10.004

OHUCHIDA K,MIZUMOTO K, OHHASHIS, YAMAGUCHI
H, KONOMI H et al. Twist, a novel oncogene, is upregulated in
pancreatic cancer: clinical implication of Twist expression in
pancreatic juice. Int ] Cancer 2007; 120: 1634-40. doi:10.1002/
1jc.22295

LEE TK, POON RT, YUEN AP, LING MT, KWOK WK
et al. Twist overexpression correlates with hepatocellular
carcinoma metastasis through induction of epithelial-mes-
enchymal transition. Clin Cancer Res 2006; 12: 5369-376.
d0i:10.1158/1078-0432.CCR-05-2722

YANG ], MANI SA, DONAHER JL, RAMASWAMY S,
ITZYKSON RA et al. Twist, a master regulator of morpho-
genesis, plays an essential role in tumor metastasis. Cell 2004;
117:927-39. d0i:10.1016/j.cell.2004.06.006

YUEN HE CHAN YP, WONG ML, KWOK WK, CHAN KK
et al. Upregulation of Twist in oesophageal squamous cell
carcinoma is associated with neoplastic transformation and
distant metastasis. ] Clin Pathol 2007; 60: 510-4. d0i:10.1136/
jcp.2006.039099

BARRALLO-GIMENO A, NIETO MA. The Snail genes
as inducers of cell movement and survival: implications in




BLOCKAGE OF STAT3 ON IL-6 INDUCING EMT IN PANCREATIC CANCER

405

(43]

(44]

(45]

development and cancer. Development 2005; 132: 3151-61.
doi:10.1242/dev.01907

MARTIN TA, GOYAL A, WATKINS G, JIANG WG. Expres-
sion of the transcription factors snail, slug, and twist and their
clinical significance in human breast cancer. Ann Surg Oncol
2005; 12: 488-96. d0i:10.1245/AS0.2005.04.010

HOTZB, ARNDT M, DULLAT S, BHARGAVA S, BUHR H]J et
al. HG. Epithelial to mesenchymal transition: expression of the
regulators snail, slug, and twist in pancreatic cancer. Clin Cancer
Res 2007; 13: 4769-76. d0i:10.1158/1078-0432.CCR-06-2926
LO HW, HSU SC, XIA W, CAO X, SHIH JY et al. Epidermal
growth factor receptor cooperates with signal transducer and

activator of transcription 3 to induce epithelial-mesenchymal
transition in cancer cells via up-regulation of TWIST gene
expression. Cancer Res 2007; 67: 9066-76. d0i:10.1158/0008-
5472.CAN-07-0575

(46]

(47]

(48]

NIGHTINGALE ], PATEL S, SUZUKI N, BUXTON R,
TAKAGI KI et al. Oncostatin M, a cytokine released
by activated mononuclear cells, induces epithelial cell-
myofibroblast transdifferentiation via Jak/Stat pathway
activation. ] Am Soc Nephrol 2004; 15: 21-32. d0i:10.1097/01.
ASN.0000102479.92582.43

FERRAND A, KOWALSKI-CHAUVEL A, BERTRAND C,
PRADAYROL L, FOURMY D et al. Involvement of JAK2
upstream of the PI 3-kinase in cell-cell adhesion regulation
by gastrin. Exp Cell Res 2004; 301: 128-38. doi:10.1016/
j-yexcr.2004.07.037

THOMAS SM, GRANDIS JR, WENTZEL AL, GOODING
WE, LUI VW et al. Gastrin-releasing peptide receptor medi-
ates activation of the epidermal growth factor receptor in
lung cancer cells. Neoplasia 2005; 7: 426-31. d0i:10.1593/
neo.04454




