Am J Transl Res 2016;8(5):2196-2209
www.ajtr.org /ISSN:1943-8141/AJTR0025606

Original Article

Targeting TGF-B1 inhibits invasion of
anaplastic thyroid carcinoma cell through
SMAD2-dependent S100A4-MMP-2/9 signalling

Kejun Zhang?, Xiaoli Liu?, Fengyun Hao*, Anbing Dong?, Dong Chen?

1Department of Thyroid Surgery, The Affiliated Hospital of Qingdao University, Qingdao 266003, China; 2Depart-
ment of Endocrinology, The People’s Hospital of Zhangqiu, Jinan 250200, China; *Department of Pathology, The
Affiliated Hospital of Qingdao University, Qingdao 266003, China

Received February 4, 2016; Accepted March 4, 2016; Epub May 15, 2016; Published May 30, 2016

Abstract: Objective: Anaplastic thyroid cancer (ATC) is one of the most lethal human malignancies. However, the
molecular mechanisms of ATC invasion are poorly understood. The transforming growth factor-beta (TGF-B) signaling
pathway plays a critical role in promoting tumor metastasis. TGF-B1 was found to be overexpressed in anaplastic
thyroid cancer (ATC). We therefore tested our hypothesis that targeted down-regulation of TGF-B1 inhibits invasion of
ATC cells. Methods: Effects of TGF-B1 stimulation or TGF-B1 sliencing by small interfering RNA (TGF-B1 siRNA) on in-
vasion in 8505C and SW1736 cells in vitro was detected. Using siRNAs and inhibitors to examine the TGF-B1 signal-
ing pathway. Results: TGF-B1 siRNA inhibits cell migration and invasion in vitro, followed by inactivation of pPSMAD2,
S100A4 and MMP-2/9. TGF-B stimulation activated pSMAD2-dependent S100A4 and MMP-2/9 expression, and
increased cell migration and invasion. The depletion of pPSMAD2 or S100A4 or MMP-2/9 expression inhibited TGF-3
signaling pathway. Moreover, it significantly weakened the proinvasive effects of TGF-B on ATC cells. Conclusions:
Therapies targeting the TGF-B1 inhibits invasion of ATC cells by impeding the SMAD2-dependent S100A4-MMP-2/9
signalling in vitro.
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Introduction

Anaplastic thyroid carcinoma (ATC) is one of the
most aggressive human malignancies. Clinical
presentation of ATC is frequently characterized
by a rapidly growing neck mass and displays
highly invasive behavior with an 5 year survival
rate < 5% [1, 2]. Surgery, chemotherapy and
radiotherapy are the conventional therapeutic
strategies performed in the attempt to improve
survival. Unfortunately, very often they do not
succeed any clinical benefit but only palliative
[3]. Given our poor ability to control ATC pro-
gression with conventional modalities, investi-
gation of novel antimetastasis and gene thera-
pies are needed for treating this disease.

TGF-B (transforming growth factor-) is a proto-
typical member of a multifunctional cytokine
family that regulates a wide variety of cellular
functions. TGF-B is both a tumor promoter and
a tumor suppressor [4, 5]. TGF-B functions as a

tumor promoter in epithelial cells through
increasing tumor cell invasion and metastasis
[6-8]. There are 3 isoforms of TGF-B ligand
(TGF-B 1-3). TGF-B signalling is propagated via
cell surface serine/threonine kinases, TGF-3
type I receptor (TBRI) and TGF-3 type Il receptor
(TBRI) [9], which in turn phosphorylate and
activate the Smad family of signal transducers.
Once activated, Smad2 and Smad3 associate
with Smad4 and translocate to the nucleus,
where, together with cofactors, it binds DNA
and alters the expression of many genes [10].

Many studies has reported that introduction of
dominant-negative TGF-B receptors into meta-
static cancer cells has been shown to suppress
epithelial-to-mesenchymal transdifferentiation
(EMT), invasiveness and motility, supporting
the tumor promoter role in TGF-B in fully trans-
formed cells [11-13]. In addition, excess pro-
duction and/or activation of TGF-[3 can contrib-
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ute to tumor progression [14-16], and TGF-3
silencing can inhibit tumor progression [17-19].
All this evidence suggests an interatomic
nature of the TGF-B1 induced metastatic pro-
cess, which provided a rationale in favor of
blockade of TGF-B signaling in human cancers
with a therapeutic intent.

TGF-B can induce the progression and metasta-
sis via both canonical and noncanonical path-
ways. Ras/MAPK, PI3K/Akt and Rho/ROCK sig-
nalin are critical effectors of the TGF-B-induced
cell invasion and metastasis in certain contexts
[20-23]. S100A4 is a critical mediator of inva-
sion in endometrial cancer ,which is also upreg-
ulated by the TGF-B signaling pathway [24, 25].

Our recent study has found that elevated plas-
ma levels of TGF-B1 was closely related to inva-
siveness and lympy node metastasis in thyroid
cancer. In mouse models of skin papillomas,
TGF-B1 overexpression may rapidly induced
metastasis, and knockdown of TGF-B1 signal-
ing components could reverse the effect [53].In
breast cancer [26, 27] and pancreatic cancer
[28] xenograft model, targeting TGF-B1 signal-
ing could effectively inhibit metastasis and
tumorigenesis.

In this study, we use TGF-B1 gene-silenced and
overexpressing ATC cells to determine if TGF-1
sliencing can inhibits the migration and inva-
sion of ATC cells in vitro. The results of these
studies indicate that small interfering RNA
(siRNA)-mediated silencing of TGF-B1 in the ATC
cells decreased the migration and invasion in
vitro. TGF-B/Smad2/S100A4/MMP-2/9 are in-
volved in the mechanisms that TGF31 promotes
the migration and invasion of ATC cells.

Materials and methods
Cell line and culture

The human anaplastic thyroid cancer cell lines
SW1736 and 8505C cell lines was purchased
from DSMZ (Beijing, China) The cells were cul-
tured as the DSMZ'’s instruction. Briefly, the
cells were grown in RPMI1640 medium supple-
mented with 10% fetal bovine serum (FBS),
penicillin, sodium pyruvate, and non-essential
amino acids. Adherent monolayer cultures were
maintained on plastic and incubated at 37°C
in 5% carbon dioxide and 95% air. The cultures
were free of Mycoplasma species. In all of the
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assays, a monolayer of cells that was 50-70%
confluent was used. All the methods used were
according to the manufacture’s instruction.

Agents

The following primary antibodies were used
from Santa Cruz Biotechnology: SMAD2,
pSMAD2 (Serd65), TGF-B1-3, TGF-BRI, TGF-
BRI, S100A4, MMP-9, TGF-B1 siRNA, Smad2
siRNA, S100A4 siRNA, MMP-9 siRNA, control
siRNA and B-actin. BB-94 (Batimastat), a MMP
inhibitor was purchased from ApexBio. Human
recombinant TGF-B1 (rh TGF-B1) was obtained
from Cell Signaling Technology (Danvers, USA).
TGF-B1: 10 ng/ml and BB-94: 10 uM. Cells
incubated with culture medium or culture medi-
um with DMSO served as controls.

Plasmids

Short chain oligonucleotide was designed
according to the TGF-B1 mRNA sequence pro-
vided by Genebank. The two oligonucleotides
were selected as: forward, 5-GATCCCCTGCC-
GCTGCTGCTACCttcaagagaGGTAGCA; GCGGCA-
GCATTTTTGGAAA-3’; reverse, 3'-AGCTTTTCCA-
AAAATGCTGCTGCCGCTGCTGCTACCtctctt;
gaaGGTAGCAGCGGCAGCAGGG-5'. It was che-
mosynthesized by Shgong.com. It was ligated
and then insert the two oligonucleotides above
into the pcDNA3.1 plasmid (which encodes
GFP as a reporter protein). The recombinant
TGF-B1 shRNA expression vector was evaluat-
ed by using enzyme cutting. The negative con-
trol plasmid had a sequence inserted at the
same place using the following two oligonu-
cleotides: 5-GCTACGCCTTCATAAGGCACGTGCT-
TCAAACGGGCATGCGCCATATGCAGTCTTT-
TTTGTCGACA-3’; reverse, 3-GGCTAAGATTTCC-
GCGGACGAAGCCTTG CCGTACCCCGAGCACTT-
CACGAAAAACAGCTGCGAGA-5. The recombi-
nant TGF-B1-shRNA plasmid was confirmed
by digestion and gene sequencing. Plasmid
pcDNA3.1 was as the control plasmid.

Transient/stable siRNA transfection

Cells were seeded in six-well plates, grown to
50-80% confluence. The cell density is not too
high and that the cells are in optimal physiologi-
cal condition on the day of transfection. 8505C
cells were transfected with TGF-B1 siRNA (2 ug)
in OptiMEM (Gibco, BRL) for 24-72 hs using
Lipofectamine 2000 (Invitrogen) according to
the manufacturer’s instructions. For stable
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TGF-B1 siRNA transfection, 24 hs after TGF-f1
siRNA or control siRNA transfection, the cells
were split into 96-well plates and subjected to
the G418 (1 mg/ml) selection for 2 weeks. The
transcriptional silencing TGF-B1 protein and
MRNA was screened using reverse transcrip-
tion-PCR (RT-PCR) and western blot as de-
scribed below. Different agents used in the
transfection assay had no effect on aim protein
expression. All transfection experiments were
done at least three times.

Stimulation of 8505C and SW1736 cells with
TGF-B1

8505C and SW1736 cells were cultured in
96-well plates (3 x 10* per well) and stimulated
with TGFB1 (0-10 ng/mL) in DMEM supple-
mented with 10% FBS and antibiotics and har-
vested 24 hours. To determine the signaling
pathways involved in the production of MMP-
2/9, 8505C and SW1736 cells were preincu-
bated with BB-94: 10 uM or DMSO 6 h before
the addition of TGFB1. To determine the signal-
ing pathways involved in the production of
SMAD2 and S100A4, 8505C and SW1736
cells were transfected with SMAD2 siRNA or
S100A4 siRNA or control siRNA 24 h (using
Lipofectamine 2000 according to the manu-
facturer’s instructions above) before the addi-
tion of TGFB1.

Western blot assay

For total protein extraction, cells were wash-
ed once with phosphate-buffered saline (PBS)
and lysed with RIPA buffer (150 mM NaCl, 50
mM Tris-HCI, 1% Nonidet P-40, supplement-
ed with complete protease inhibitor tablets;
Roche Diagnostics) for 30 minutes on ice. For
in vivo study, the tumor tissues were homoge-
nized for tissue lysate extraction. Both cell
lysate and tissue lysate were centrifuged and
the supernatants were collected. Nuclear and
cytoplasmic extracts were prepared using the
Nuclear Extract Kit (Active Motif), according to
manufacturer’s instructions. Protein concentra-
tion was quantified with Coomassie Plus
(Bradford) Protein Assay Reagent according
to manufacturer’s instructions. Extracts (40 pg)
were resolved on 10% SDS-PAGE and trans-
ferred to Hybond-C Extra nitrocellulose mem-
brane (GE Healthcare; Germany). Membranes
were probed with primary antibodies again-
st TGF-B1, TGF-B2, TGF-B3, TGF-BRI, TGF-BRII,
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S100A4, MMP-2, MMP-9, SMAD, pSMAD?2, fol-
lowed by incubation for 1 hour at room temper-
ature with HRP-conjugated anti-rabbit 1gG or
anti-goat IgG, respectively. Immunoblotting for
B-actin served as protein loading control. All
experiments were performed at least three
independent times.

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

RNA from transfection or inhibitors treated
cells was extracted using Purification Kit (
Roboklon, Germany). We used 2 pg of total
RNA for cDNA synthesis with the Reverse
Transcriptase Kit (Promega, Shanghai, China).
The resulting cDNA was used for RT-PCR analy-
sis with the G-Taq Kit according to the manufac-
turer’s instructions. RT-PCR was performed
using appropriate gene-specific forward and
reverse primers, which were selected using the
Blast Primer tool. The results were analyzed
using the ImagelJ software. The relative change
in the ratio of the target protein to the DMSO
control was determined.

Matrix metalloproteinases (MMPs) zymography

8505C and SW1736 cells were treated with
TGF-B1 for 24 hs, and 8505C cells were trans-
fected with TGF-B1 siRNA or control siRNA for
48 hs. Zymography was performed as described
[30]. Briefly, an equal number of cells (1 x 10°)
were homogenized in lysis buffer. The insoluble
and soluble extracts were separated by cen-
trifugation and stored at -20°C. This lysate
was mixed with SDS sample buffer [0.185 M
Tris-HCI (pH 6.8), 30% glycerol, and 6% SDS]
and analyzed by gelatin zymography on 12%
SDS-polyacrylamide gels containing 0.5 mg/
ml gelatin. After electrophoresis, SDS was re-
moved from the gels by soaking twice for 20
min in 2.5% Triton X-100 and washed for 20
min in rinse buffer [50 mM Tris-HCI (pH 7.4) and
0.1 M NaCl]. The gels were incubated for 20 h
at 37°C in gel incubation buffer (50 mM Tris-
HCI, 10 mM CaCl,, and 0.02% NaN,), stained in
0.5% Coomassie Blue, and destained in a solu-
tion of 5% methanol and 7.5% acetic acid.

ELISA
8505C cells were transfected with TGFB1

siRNA or control siRNA for 48 h. 8505C and
SW1736 cells were treated with TGFB1 (10 ng/
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Figure 1. TGF-B1 gene knockdown by siRNA transfection in 8505C cells. 8505C cells were transfected with TGF-1
siRNA and control siRNA for 24-72 hs. A. Representative images showing expression of TGF-31 protein in control
siRNA and TGF-B1 siRNA transfected cells as analyzed by Western blot. B. Representative images showing expres-
sion of TGF-B1 mRNA in control siRNA and TGF-B1 siRNA transfected cells as analyzed by RT-PCR. C. Representative
images showing expression of TGF-B2, TGF-B3, TGF-BRI and TGF-BRII protein in control siRNA and TGF-B1 siRNA
transfected cells (72 h transfection) as analyzed by Western blot. D. Representative images showing expression of
TGF-B2, TGF-B3, TGF-BRI and TGF-BRII mRNA in control siRNA and TGF-B1 siRNA transfected cells (72 h transfection)
as analyzed by RT-PCR. B-actin and GAPDH was as a control.
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ml) for 24 h. To determine the signaling path-
ways involved in the production of MMP-2 and
MMP-9, 8505C and SW1736 cells were prein-
cubated with BB-94: 10 uM or DMSO 6 h before
the addition of TGFB1 (10 ng/ml). The superna-
tants were collected and analyzed for MMP-2
and MMP-9 using an MMP-2 and MMP9-
specific ELISA kit from Amersham Bioscience
and following the vendor’s protocol.

Transwell migration and matrigel invasion as-
says

Transwell migration and matrigel invasion
assays were performed using a transwell
membrane (8-um pore size, 6.5-mm diameter)
in a 24-well plate according to the manufactur-
er's instructions. Briefly, a matrigel matrix was
coated in the transwell membrane and used for
the cell invasion assay. The lower chamber of
the transwell plates was filled with 600 ul
DMEM medium containing 10% FBS. 8505C
cells were transfected with control siRNA or
TGFB1 siRNA for 48 hs. 8505C and SW1736
cells were treated with TGFB1 (10 ng/mL) for
24 hs. 8505C and SW1736 cells were trans-
fected with SMAD siRNA or S100A4 siRNA for
24 h or treated with BB94 for 6 hs before stim-
ulating with TGFB1 (10 ng/mL) for 24 hs. The
cells were then detached from the tissue cul-
ture plates and resuspended in DMEM medium
containing 1% FBS and then loaded to the
upper side of the chamber (300 pl/well, 2 x 10°
cells/well).The cells were placed in incubators
at 37°C for 24 hs. Unmigrated cells on the
upper side were removed using a cotton swab
and cells that had migrated to the other side of
the membrane were stained with 0.1% Crystal
Violet, 20% ethanol and 1% formaldehyde. The
number of migrated cells was counted for
quantification.

Wound-healing assays

For the wound-healing assays, the cells above
were plated in six-well plates at a density of 4 x
10° cells/well and incubated overnight. The
media was then aspirated, and the cells were
scratched with a sterile tip. Three representa-
tive images were collected. After treatment for
24-48 h, images of the same regions were col-
lected, and the cell motility ratio for each exper-
imental condition was quantified. The tests
were repeated in triplicate.
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Statistical analysis

Data are expressed as the mean + SD. SPSS
11.0 software was used for analysis. The sta-
tistical significance of a difference between two
groups was assessed using Student’s t-tests
(two-tailed). ANOVA was used when more than
two groups were involved, and then Student’s
t-test was further applied to analyze difference
between groups. P < 0.05 was considered to
indicate a statistically significant result. All
experiments were repeated at least three
times.

Results

Effect of siRNA on TGF-B1 expression in
8505C cells

8505C cells were transfected with TGF-B1
siRNA and control siRNA for 24-72 hs. Western
blot and RT-PCR analysis was used to detect
the TGF-B1 protein and mRNA level after trans-
fection. Cells transfected with TGF-B1 siRNA
displayed a time-dependent reduction in the
expression levels of TGF-B1 protein (Figure 1A)
and mRNA (Figure 1B). Control siRNA did not
exhibit any effect on protein levels of TGF-B1
(Figure 1A) and mRNA levels of TGF-B1 (Figure
1B). These data confirmed the suppression
effect of siRNA and established the efficiency
of siRNA transfection. We also detected TGF-32
and TGF-B3 protein and mRNA expression
before and after siRNA transfection. Results
from our in vitro experiments showed no change
in expression for the two isoforms TGF-32 and
TGF-B3, illustrating the specificity of the siRNA
sequence designed for this study (Figure 1C,
1D). However, TGF-BRI and TGF-BRII protein
and mRNA expression was inhibited after siRNA
transfection (Figure 1C, 1D).

Effect of TGF-B1 gene targeting on invasive
and migratory capability of 8505C cells

In vitro studies were done to determine the
effects of TGF-B1 silencing on both migration
and invasion of the 8505C cell clones. The
migration and invasion of TGF-B1/siRNA1 cells
were markedly inhibited, compared with control
siRNA (P < 0.01) (Figure 2A, 2B). The migration
and invasion of TGF-B1/siRNA2 cells were also
markedly inhibited compared with control
siRNA (P < 0.01). These results suggest that
TGF-B silencing inhibits cell migration and inva-
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Figure 2. Knockdown of TGF-B1 inhibits invasion and migration in 8505C cells. A. Cells were detected by transwell
migration assay. Migrated cells were counted in five random fields of each filter under a microscope using a 200 x
maghnification. The scale bar indicates 200 um. Bars represent the average number of migrated cells. B. The migra-
tion of TGF-B1-knockdown 8505C cells. Cells were detected by matrigel invasion assay. Cells that invaded across
the matrigel of the transwell were counted in five random fields of each filter under a microscope using a 200 x
maghnification. The scale bar indicates 200 um. Bars represent the average number of invaded cells. C. Cells were
detected by wound-healing assay. The photographs were taken by microscope using a 100 x magnification at the
same area at O h and after 48 h of incubation of five random fields. The scale bar indicates 50 um. Bars represent
the average number of invaded cells. *P < 0.01 compared with respective controls.
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Figure 3. TGF-B1 promotes the migration of SW1736 cells. The SW1736 cells were treated with TGF-B1 for 24 h. A.
Cells were detected by transwell migration assay. B. Cells were detected by matrigel invasion assay. C. cells were
detected by wound-healing assay. Bars represent the average number of invaded cells. *P < 0.05 compared with
respective controls.

sion. Cell migration was also determined us-
ing a wound-healing assay in which cells were
scratched and allowed to migrate into the

TGF-B1 promotes the migration and invasion
of 8505C and SW1736 cells

wound area. The amount of wound closure was
enumerated 48 hours after disruption. Com-
pared with the non-transfected cells that
showed 95% wound closure by 48 hours, clones
expressing the TGF-B1/siRNA1 showed 20%
wound closure in the same period (Figure 2C),
and 25% wound closure in the same period in
the TGF-B1-siRNA2 clones (Figure 2C).
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To determine the effect of TGF-B1 on the migra-
tion and invasion of ATC cells, 8505C and
SW1736 cells were treated with TGF-31 (10 ng/
ml) for 24 h, matrigel invasion, transwell migra-
tion, and wound-healing assays were per-
formed. As shown in Figure 3A, 3B, TGF-B1 sig-
nificantly promoted migration and invasion in
SW1736 cells (p < 0.05, respectively). Treat-
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ment with TGF-B1 (10 ng/ml) for 24 h showed
about 75-85% wound closure in SW1736 cells,
which was higher than the SW1736 (45%) cells
at 24 h (p < 0.05, Figure 3C).

TGF-B1 treatment also significantly promoted
migration and invasion in 8505C cells (Figure
5E-G). Treatment with TGF-B1 (10 ng/ml) for 24
h showed about 80-90% wound closure in
8505C cells, which was higher than the 8505C
(50%) cells at 24 h (p < 0.05) (Figure 5E-G).
Taken together, these results indicate that TGF-
B1 promotes the migration and invasion of ATC
cells.

TGF-B1-induced MMP-2,9 promotes the migra-
tion and invasion of 8505C and SW1736 cells

Increased MMP activity is considered very
important for the invasion and metastasis of
cancer cells. To study the mechanism of TGF-
B1-enhanced ATC cell migration and invasion,
the protein expression patterns of MMP-2,9
were examined by analyzing culture superna-
tants using the enzyme-linked immunosorbent
assay (ELISA), gelatin zymography and western
blot assay.

8505C cells were transfected with TGF-B1/
siRNA and control siRNA for 48 hs. The super-
natants was collected and analyzed for MMP-2
and MMP-9. As shown in Figure 4A, TGF-B1/
siRNA transfection significantly inhibited the
production of MMP-9, compared to the control
siRNA in the 8505C cells (p < 0.01). TGF-B1/
siRNA transfection also inhibited the product of
MMP-2 in the 8505C cells (data not shown).

SW1736 and 8505C cells were treated with
TGF-B1 (10 ng/ml) for 24 h. TGF-B1 significantly
stimulated the production of MMP-9 by ELISA
assay (Figure 4A, 4B). TGF-B1 (10 ng/ml) for 24
h also stimulated the product of MMP-2 in the
8505C and SW1736 cells (data not shown).

Using gelatin zymography, we found that the
expression levels of MMP-9 and MMP-2 were
significantly reduced in TGF-B1/siRNA trans-
fected 8505C cells (Figure 4C). The gelatin
zymography result on MMP-9 was verified by
Western blotting analysis (Figure 4D).

In addition, the expression levels of MMP-9 and
MMP-2 were significantly increased in SW1736
cells treated with TGF-B1 (10 ng/ml) for 24 h
using gelatin zymography (Figure 4E). The gela-
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tin zymography result on MMP-9 was verified by
western blotting analysis (Figure 4F).

BB94, a MMP inhibitors , has been reported to
suppress the growth of cancer cells by blocking
the MMPs [31, 32]. To further verify the effect
of the MMP-2,9 on cell migration and invasion,
BB94 (10 uM) was used to block the MMPs.
The results showed that BB94 inhibited the
migration and invasion of the TGF-1/SW1736
and TGF-B1/8505C cells (Figure 5E-5J). BB94
significantly inhibited the production of MMP-9,
compared to the TGF-B1 treatment alone
(p<0.01, Figure 4A, 4B). BB94 also inhibited
the product of MMP-2 in the SW1736 and
8505C cells (data not shown).The findings imply
that TGF-B1 affects the migration and invasion
possibly by regulation of the expression of
MMP-2,9.

TGF-B1-induced MMP-2,9 through activation of
S100A4 promotes the migration and invasion
of ATC cells

S100A4, a calcium-binding protein is associat-
ed with invasion and metastasis of cancer
cells. Previous study had shown that TGF-B1
promoted invasion and matastasis via upregu-
lation of S100A4 in colorectal cancer cells [33].
Saleem et al. has found that S100A4 gene con-
trols the invasive potential of human CaP cells
through regulation of MMPs and that this asso-
ciation may contribute to metastasis of CaP
cells [34]. In the present study, we found that
8505C cells were treated with TGF-B1 (10 ng/
ml) for 24 h, the S100A4 protein (Figure 5A)
and mRNA (Figure 5B) was increased. SW1736
cells has the same results as 8505C cells (data
not shown). In contrast, knockdown of TGF-B1
inhibited S100A4 protein and mRNA expres-
sion in the 8505C cells (Figure 5C, 5D).

To test the relation between S100A4 and MMP-
2,9, SW1736 and 8505C cells were transfected
with S100A4 siRNA1 or S100A4 siRNA2 or con-
trol siRNA for 24 hs, then treated with TGF-p1
(10 ng/ml) for 24 h. The results showed that
followed by reduced S100A4 protein and mRNA
level, the expression levels of MMP-9 and
MMP-2 were significantly reduced using west-
ern blot and RT-PCR assay in the 8505C cells
(Figure 5A, 5B). SW1736 cells has the same
results as 8505C cells (data not shown). In
addition, the migration and invasion of 8505C/
TGF-B1 and SW1736/TGF-B1 cells were obvi-
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Figure 4. Effect of TGF-B1 on the expression levels of MMP-2,9. (A) Quantification of MMP-9 secretion using MMP-
9-specific ELISA done in the culture media of 8505C cells transfected with either control or TGF-B1 siRNA, or treat-
ment with hr TGF-B4, or hr TGF-B1 in combination with BB94 treatment. (B) Quantification of MMP-9 secretion
using MMP-9-specific ELISA done in the culture media of SW1736 cells treated with hr TGF-B41, or hr TGF-B1 in
combination with BB94 treatment. (C) MMP-2,9 expression in 8505C cells transfected with either control or TGF-31
siRNA, or treatment with hr TGF-B1, or hr TGF-B1 in combination with BB94 treatment by gelatin zymography (D)
MMP-2,9 expression in 8505C cells transfected with either control or TGF-B1 siRNA, or treatment with hr TGF-31,
or hr TGF-B1 in combination with BB94 treatment by Western blotting using antibody raised against MMP-9. (E)
MMP-2,9 expression in SW1736 cells treated with hr TGF-B4, or hr TGF-B1 in combination with BB94 treatment by
gelatin zymography. (F) MMP-2,9 expression in SW1736 cells treated with hr TGF-B41, or hr TGF-B1 in combination
with BB94 treatment by Western blotting using antibody raised against MMP-9.
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Figure 5. TGF-B1 promotes migration and invasion of 8505C and SW1736 cells by SMAD2/S100A4/MMPs signal-
ing. 8505C cells were treated with hrTGF-B1, or transfected with SMAD siRNA, S100A4 siRNA or exposure to BB94,
then treated with hrTGF-B1. A. pPSMAD2, S100A4, MMP-2,9 protein was detected by western blot assay. B. pPSMAD2,
S100A4, MMP2,9 mRNA was detected by RT-PCR assay. C. 8505C cells were transfected with TGF-B1 siRNA, pS-
MAD2, S100A4, MMP-2,9 protein was detected by western blot assay. D. pPSMAD2, S100A4, MMP2,9 mRNA was
detected by RT-PCR assay. 8505C cells and SW1736 cells were treated with hrTGF-B1, or transfected with SMAD
siRNA, S100A4 siRNA or exposure to BB94, then treated with hrTGF-B1. E, H. Transwell migration assay. F, |. Matrigel
invasion assay. G, J. Wound healing assay was used to detect invasion and metastasis.
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ously suppressed by S100A4 siRNA transfec-
tion (Figure 5E-J).

TGF-B1 promotes migration and invasion of
ATC cells through Smad2-dependent S100A4-
MMP-2,9 signaling pathway

TGF-B1 treatment has found in our study to
upregulate S100A4, followed by MMP-2/9
upregulation in the ATC cells, suggesting that
S100A4 is not one of the early response genes
of TGF-B1. Some tertiary or secondary signal-
ing pathways are likely needed to activate
S100A4 expression. To verify whether TGF-f1
promoted the migration and invasion of ATC
cells through the Smad2/S100A4/MMP-2,9
signal, the Smad2 was blocked by Smad2
SiRNA.

As shown in 8505C cells, the phosphorylation
of Smad2 and the expression of S100A4 and
MMP-2,9 were inhibited by Smad2 siRNA in
8505C cells (Figure 5A, 5B). SW1736 cells has
the same results as 8505C cells (data not
shown). In addition, the migration and invasion
of 8505C/TGF-B1 and SW1736/TGF-B1 cells
were obviously suppressed by Smad2 siRNA
transfection (Figure 5E-J, p < 0.01).

We also found that knockdown of TGF-B1 by
TGF-B1 siRNA inhibited the phosphorylation of
Smad2, as well as the S100A4 and MMP-2/9
(Figure 5C, 5D), followed by decreased migra-
tion and invasion in the 8505C cells (Figure
5E-G). Taken together, these data indicate
phosphorylation of Smad2 is associated with
TGF-B1-enhanced cell migration and invasion
and the up-regulation of S100A4/MMP-2/9 in
ATC cells.

Discussion

Although three mammalian isoforms of TGF1,
TGFB2 and TGFB3 share 60-80% identity at the
amino acid level, the promoter regions of these
isoforms are highly variable, suggesting that
their expression is regulated by distinct mecha-
nisms [35]. Results from our in vitro experi-
ments showed no change in expression for
TGFB2 and TGFB3 isoforms by TGF-B1 slienc-
ing, illustrating the specificity of the siRNA/
shRNA sequence designed for this study.
However, TGF-BRI and TGF-BRIl protein and
MRNA expression was inhibited after siRNA
transfection in vitro. Silencing of the TGF-BR
expression may be through a negative feed-
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back loop in the cells, suggesting that thera-
pies targeting the ligand may have similar
effects as indicated by previous studies, which
have shown that blocking TGF-3 receptors can
decrease tumorigenesis.

To investigate the effect of TGFB1 on the mi-
gration and invasion of ATC cells, we used
8505C and SW1736 cells, and then performed
wound-healing, transwell migration, and matri-
gel invasion assays. The results demonstrat-
ed that TGFB1 stimulating promoted the migra-
tion and invasion of both 8505C and SW1736
cells. Knockdown of TGFB1 by siRNA inhibited
the migration and invasion of 8505C/TGFB1
siRNA1 and 8505C/TGFB1 siRNA2 cells.

TGF-B plays a tumor suppressive role in normal
epithelia, but accelerates the progression
through enhancing cell migration and invasion
in cancer cells [4]. However, the underlying
mechanisms causing this are not entirely clear.
S100A4 is a calcium-binding protein, which is
associated with invasion and metastasis of
cancer cells, including thyroid cancer [36, 37].
Many studies has reported that the S100A4
gene controls the invasive potential of human
cancer cells through regulation of MMP-9 and
that this association may contribute to metas-
tasis of cancer cells [38, 39]. Recent study has
found that S100A4 is a critical mediator of inva-
sion in endometrial cancer and is upregulated
by the TGF-B1 signaling pathway [40]. In the
present study, we found that TGF-[3 stimulation
promoted S1004 and MMP-2/9 expression,
and vice vaser. In addition, treatment with
BB94 weaken the proinvasive effects of TGF-3
on ATC cells. The depletion of S100A4 expres-
sion by siRNA transfection inhibited the TGF-3-
induced MMP-2/9 upregulation and significant-
ly weakened the proinvasive effects of TGF-f on
ATC cells. We therefore concluded that TGF-3
promoted invasion of ATC cells by S1004/
MMP-2,9 signaling.

Intracellular Smad proteins play a pivotal role in
mediating antimitogenic effects of TGF-B, but
their function in TGF-B induced invasion and
metastasis is unclear. Furthermore, there has
been debate whether or not Smads are required
for the TGF-B-induced metastasis. In the pres-
ent study we found that knockdown of SMAD2
inhibited S1004/MMP-2,9 signaling, and sig-
nificantly weakened the proinvasive effects of
TGF-B on ATC cells. We therefore suggested
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that silencing of TGF-B1 inhibits invasion of
human ATC cells by inhibiting the TGF-B1/
SMAD2/S100A4/MMP-2,9 signal in vitro.

In conclusion, the present study suggests that
therapies targeting TGF-B1 in tumor cells may
be effective in decreasing invasion in vitro. The
ability of this therapy to decrease invasion in
vitro may be related to TGF-B1/TGF-BR-SMAD2-
dependent S100A4-MMP-2/9 signals. Future
studies will investigate the effect of TGF-B1 in
vivo and explore its mechanisms.
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