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Background: Colorectal cancer is one of the three most common cancers worldwide.
Altered TGF-B signaling pathway in colorectal cancer is associated with metastasis and
poor prognosis. It is also involved in epithelial-to-mesenchymal transition (EMT), which is
essential in progression and metastasis. This study aims to investigate the role of transgelin
(TAGLN) and high-mobility group AT-hook 2 (HMGAZ2) in the progression of colon cancer.
Methods: HT29 and HCT116 cells were treated with TGF-, and the effects of inhibition of
TAGLN and overexpression of HMGA?2 on TGF-f treated cell on cell migration and inva-
sion, expression of EMT markers, including E-cadherin, vimentin and fibronectin were
detected as well as MMP2 and MMP9, which are critical in cancer cell metastasis. The
interaction of TAGLN and HMGA?2 was also investigated by using co-immunoprecipitation.
The function of TAGLN in tumor metastasis and growth was investigated in vivo.

Results: We found that TGF-f could significantly promote the migration of HT29 and
HCT116 cells, as well as TAGLN protein expression and nucleus translocation, while
inhibition of TAGLN could effectively reverse the effects of TGF- on HT29 and HCT116
cells, which was observed in terms of decreased cell migration and invasion. Knockdown of
TAGLN could also rescue TGF-B-induced loss of E-cadherin, and decreased TGF-B-induced
vimentin and fibronectin expression; the elevation of MMP9 and MMP2 was also reversed
by inhibition of TAGLN. Further investigation confirmed the interaction of HMGA2 and
TAGLN, as overexpression of HMGA?2 restores the effects of TGF-f on HT29 cells, which
were attenuated by TAGLN inhibition both in vitro and in vivo.

Conclusion: Overall, our study revealed that interaction between ZAGLN and HMGA?2 was
involved in TGF-B-induced cell migration and promotion of colon cancer cells, suggesting that
HMGA?2 and TAGLN are potential molecular targets to prevent colon cancer progression.
Keywords: HMGA2, colorectal cancer, TGF-f, TAGLN

Introduction

Colorectal cancer is one of the most common cancers in adults in Western world, of
which 90% is adenocarcinoma. The incidence rate of colorectal cancer keeps
increasing worldwide, while improvements are achieved by thorough understanding
of the mechanisms involved in colorectal cancer and therapy. However, advanced
colorectal cancer has been associated with higher mortality rates. It should be noted
that compared with the patients with nonmetastatic tumor sites whose five-year
survival rate is approximately 80%, patients with metastatic disecase have
a significantly poorer five-year survival rate (20%)." Thus, studies on the
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mechanism of metastasis in colorectal cancer are of value
for the discovery of new therapies.

TGF-B is a critical cytokine which is involved in
tumorigenesis.” Altered TGF-B signaling has been
reported in malignant gastrointestinal cancers, such as
colorectal cancer, esophageal cancer, gastric cancer, liver
cancer, and pancreatic cancer,” and increased TGF -B level
is associated with poor prognosis in patients with
advanced cancers.” Dual effects of TGF-B signaling were
found in different stages of tumor development in which,
during the early phase, TGF-f acts as a tumor suppressor
to trigger cell cycle arrest and apoptosis,” while promoting
transition (EMT),
a critical pathological process in the development of color-

epithelial-mesenchymal which is
ectal cancer, cell proliferation, fibrosis and angiogenesis
during tumor progression.’

Transgelin (TAGLN, also named SM22) is an actin-
binding protein that belongs to the calponin family and
was first identified in 1987.° TAGLN is localized in vas-
cular and visceral smooth muscle, and has been found to
be a marker for smooth muscle differentiation.” TAGLN is
also expressed in fibroblasts, and some epithelium, includ-
ing intestinal epithelial cells,® glomerular epithelial cells,”
breast ductal epithelium™'® and prostate epithelium in
which TAGLN expression is induced by TGF-f. TGF-B
plays key roles in regulation of TAGLN expression,''
cooperating as a TAGLN promoter, in which there are
motifs of TGF-B control element (TCE), CArG boxes,
and Smad-binding element (SBE). By interacting with
these motifs, TGF-p promotes TAGLN expression.'>
Recent evidence suggests that TAGLN has a role in
tumor development and migration, as TAGLN regulates
the level of metallomatrix protease-9 (MMP-9) in prostate,
breast, and colon cancers.'?

High-mobility group AT-hook 2 (HMGA2) is
a member of HMGA family (HMGAla, HMGAI1b, and
HMGA?2) which contains three AT-hook basic domains
binding the A/T-rich sequences at DNA minor groove to
assemble transcriptional or enhancer complexes on
chromatin.'* TGF-p/Smad signaling pathway has been
shown to act on HMGA2 promoter in epithelial cells,
which results in activation of some key regulators of
EMT that plays a critical role in tumor metastasis.'” It
has been reported that HMGA?2 is involved in develop-
ment of colorectal cancer, as increased expression of
HMGA?2 was found in colon carcinoma tissues,'® and
progressively increased with the Dukes’ staging system
for colorectal cancer.'” In invasive epithelial cells with

EMT, overexpression of HMGA2 was observed, and loss
of E-cadherin in a metastatic site was found.!” Overall,
these results indicated that HMGA?2 overexpression might
play an important role in tumor metastasis and survival of
colorectal cancer patients.'®

These studies elucidate the role of TGF-$ pathways in
the pathogenesis of colorectal cancer, and further investi-
gation on the underlying mechanism would benefit in
developing new treatment strategies. Considering the
interaction between TGF- pathways and TAGLN and
HMGAZ2, in this study, we examined the potential roles
of TAGLN and HMGA?2 and their interaction in TGF-
pathways in colorectal cancer. It would be of promising
clinical value to provide new insight for the development
of colon cancer therapy.

Materials and Methods

Cell Culture

Human CRC cell lines HCT116, and HT29 were pur-
chased from American Type Culture Collection. Cells
were cultured in medium (RPMI-1640 (Gibco), 10% (v/
v) FBS (Gibco), 1% streptomycin-penicillin (Invitrogen,
cat lot.: 15640055), 1% L-glutamine (Thermo Fisher
Scientific, cat lot.: 21051024) in an incubator with atmo-
sphere containing 5% CO, at 37°C. The transfections of
overexpression vectors were performed by using lipofec-
tamine 2000 (Invitrogen, cat lot.: 11668027) according to
the manufacturer’s instructions.

Western Blotting Assay

Plasma and nucleus protein were extracted by using NE-
PER™ nuclear and cytoplasmic extraction reagents
(Thermo Scientific, cat lot.: 78835) lysing cells reported in
previous studies.'”*® Briefly, protein quantitation was con-
ducted by using the Pierce™ BCA protein assay kit (Thermo
23225), 10% SDS-

polyacrylamide gels was used for separate the protein and

Fisher Scientific, cat lot.: and
then the protein was transferred onto PVDF membranes.
10% skimmed milk was used as blocking buffer, and then
membranes were probed with primary antibodies against
E-cadherin (Thermo Fisher Scientific, cat lot.:13—-1700),
vimentin (Thermo Fisher Scientific, cat lot.: MAS5-11883),
fibronectin (Thermo Fisher Scientific, cat lot.: MA5-11981),
MMP2 (Thermo Fisher Scientific, cat lot.: MAS5-14228),
MMP9 (Thermo Fisher Scientific, cat lot.: MA5-14186),
and GAPDH (Cell Signaling Technology, Danvers, TX)

overnight at 4°C. Then the membrane was incubated with
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HRP-conjugated secondary antibody (Thermo Fisher
Scientific, cat lot.: A-11059). Signals were visualized using

enhanced chemiluminescence detection (GE Healthcare).

qPCR

Cells were collected and the RNAs from different groups
were extracted by using TRIzol reagents (Invitrogen,
USA). cDNA was synthesized by using PrimeScript™
RT reagent Kit with gDNA Eraser (Takara Bio, Japan)
according to manufacturer’s instructions. qPCR was per-
formed by using ABI 7300 real-time PCR system (Applied
Biosystems, USA). The primer sequences were used as
follows: TAGLN forward: 5'-

GTGTGATTCTGAGCAAATTGGTG-3', TAGLN reverse:
5'-ACTGCTGCCATATCCTTACCTT-3'; B-actin forward:

5'-CATTGCTGACAGGATGCAGA-3', B-actin reverse:
5'-CTGCTGGAAGGTGGACAGTGA-3". All samples
were analyzed in triplicate and the 27" method was

used to calculate the gene expression levels.

Immunofluorescence Assay

In each well of a six-well plates, 1x10° cells/well were
seeded, and following removal of the medium, cells were
fixed with 4% paraformaldehyde solution for 30 min at
room temperature. Immunofluorescence staining was per-
formed by using primary antibody anti-TGF-B (Thermo
Fisher Scientific, cat lot.: PA5-32631) (1:100) and incu-
bated at 4°C overnight. Then, washed three times with
phosphate buffer, cells were incubated with fluorescein
isothiocyanate (FITC)-conjugated anti-rabbit immunoglo-
bulin G (1:200; Beyotime Institute of Biotechnology,
Haimen, China) in the dark for two hours at 37°C.

Cell Migration Assay

Cells (1x10°per well) were re-suspended by RMPI-1640
medium and planted into the upper chambers of 24-well
transwell plates (Corning, USA), and lower chamber was
filled with medium. After 18 h incubation at 37°C, cells in
the lower chamber were fixed with 4% paraformaldehyde
and then stained with crystal violet. The cells remained in
the upper chamber were removed. Migrated cells were
counted in 10 random high-power fields. All experiments
were performed in triplicate.

Cell Invasion Assay

Bio-coat matrigel invasion assay system (BD, USA) was
used to evaluate cell invasion following the manufacturer’s
protocol. Cells were re-suspended in RPMI-1640 medium

and seeded into the upper chambers of 24-well transwell
plates, and bottom chambers was filled RPMI-1640 med-
um with FBS (10%). After 24 h incubation, the super-
natant cells were removed, while the cells on the bottom
were fixed with 4% paraformaldehyde, stained with crystal
violet, and counted. All experiments were performed in
triplicate.

Co-immunoprecipitation

Cells were lysed at 4°C in ice-cold RIPA lysis buffer, and
the lysates were centrifuged (12,000 g, 10 min) and super-
natant were collected. Concentrations of proteins in the
supernatant were determined by using Pierce™ BCA pro-
tein assay kit (Thermo Fisher Scientific, cat lot.: 23225).
Co-immunoprecipitation was performed by using Pierce™
co-immunoprecipitation kit (Pierce, cat lot.: 26149) fol-
lowing the manufacturer’s protocol. Samples were boiled
and eluted by boiled in 2xSDS sample buffer for subse-
quent SDS-PAGE electrophoresis.

Tumor Formation Assay in vivo

BALA/c mice (six-to-eight weeks old, weight 20-25 g)
were purchased from Vital River, Beijing, China. The
xenograft model was generated by using BALB/c mice
which were maintained at 20-26°C, 40-70% relative
humidity, and 12 h/12 h light/dark condition. All experi-
mental procedures were performed in accordance with the
National Institutes of Health Guide for the Care and Use of
Laboratory Animals. The animal protocols were approved
by the Institutional Animal Care and Use Committee of
The First Affiliated Hospital, School of Clinical Medicine
of Guangdong Pharmaceutical University. HT29 cells trea-
ted with TGF-B, TGF-B+si-TAGLN or control were col-
lected and re-suspended in medium at a concentration of
2x10° cells/mL, and then 200 pL of cell suspension was
injected into the right flank of nude mice. Tumor growth
was detected at 1, 4, 8, 12, 16, 20, 24, 28, and 32 days
after injection, and the volume of tumors were examined.
All the mice were euthanized in an automated CO, deliv-
ery system (LC500, Yuyan Instruments Co. Ltd, China) at
32 days after injection.

Statistical Analysis

All statistical analyses were performed by using SPSS
software (Version 20; IBM, USA). Two-sided ¢ tests and
one-way ANOVA followed Tukey’s post hoc test was used
to analyze the data, with a significance level of P<0.05.
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Results

TGF-B-Induced TAGLN Expression
Increased Migration and Invasion of CRC
Cells

To preliminarily investigate the effects of TGF-B on
TAGLN expression, cell migration and invasion, and

screen cell line used for subsequent experiments, human
colorectal cancer cell lines HT29 cells and HCT116 cells

A 6+ [ Blank
=z * %k B
o . TGF-B
=
2 4
o *k
[

(723
o
[=%
3 2
2
®
Q
o
0 T

HCT116

o
t

c
kel
=
©
o
2
=

Invasion

Migration

Invasion

Blank

TAGLN/DAPI

were treated with TGF-B at concentration of 10 nM. As
shown in Figure 1A and B, TGF-B treatment induced
significant increase of TAGLN protein expression in both
of HT29 cells and HCT116 cells; enhanced cell migration
and invasion were also found in HCT116 cells (Figure 1C)
and HT29 cells 1D) treated with TGF-p.
Furthermore, compared with HCT116 cells,
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Figure | Increased cell migration and invasion and TAGLN nucleus translocation was induced by TGF-f. (A) Levels of TAGLN in HT29 and HT 116 cells. (B) Representative
images of Western blotting assay of TAGLN in HT29 and HT 116 cells. (C) Cell migration and invasion in HCT 116 cells (left panel) and representative images of crystal violet
staining (right panel). (D) Cell migration and invasion in HT29 cells (left panel) and representative images of crystal violet staining (right panel). (E) Representative images of
immunofluorescence of TAGLN. 200% magnification. *P <0.01, vs blank group. One-way ANOVA, Tukey’s post hoc test.

submit your manuscript

10492

Dove

OncoTargets and Therapy 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Zhou et al

Along with the increased expression of TAGLN in CRC
cells, TGF-B also induced translocation of TAGLN to the
nucleus. In Figure 1E, after treated with TGF-p for 24
hours, obvious nucleus localization of TAGLN could be
observed. These results indicated altered TAGLN expression
and nucleus translocation might involve in TGF-fB induced
HT29 and HCT116 cell migration and invasion.

Knockdown of TAGLN Inhibits TGF-f-

Induced CRC Cell Migration and Invasion
To further study the role of TAGLN in TGF-B-induced
HCT116 and HT29 cell migration and invasion, siRNA

that targeted TAGLN (si-TAGLN) was constructed and
transfected into HCT116 and HT29 cells. Inhibition of
TAGLN by si-TAGLN could reverse TGF-B-induced
migration and invasion in HCT116 cell (Figure 2A).
We performed Western blot on the proteins involved in
cell migration and EMT, including E-cadherin, vimen-
tin, fibronectin, MMP2, and MMP9. During EMT, the
epithelial cell marker E-cadherin is downregulated,
while mesenchymal proteins vimentin, and fibronectin
are often increased. As shown in Figure 2C, loss of
E-cadherin and increased vimentin and fibronectin
which are often observed in EMT are seen, while
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Figure 2 TGF-B-induced cell migration and invasion was reversed by knockdown of TAGLN. (A) Cell migration and invasion in HCT |16 cells (left panel) and representative
images of crystal violet staining (right panel). (B) Cell migration and invasion in HT29 cells (left panel) and representative images of crystal violet staining (right panel). (C)
Representative images of Western blotting assay of E-cadherin, vimentin, fibronectin, MMP2, MMP9, and GADPH. 200 x magnification. *P<0.05, **P<0.01, ***P<0.05. One-way

ANOVA, Tukey’s post hoc test.
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inhibition of TAGLN reversed the alternations of
E-cadherin, vimentin and fibronectin induced by TGF-
B. Studies in HCT116 cells further confirmed the find-
ings in HT29 cells that knockdown of TAGLN inhibited
TGF-B-induced cell migration and invasion (Figure 2B
and C).

Nucleus translocation of TAGLN was investigated, and
decreased plasma TAGLN protein expression in western-
blotting assay (Figure 3A) and nucleus localization in immu-
nofluorescence assay (Figure 3C) were found in si-TAGLN
+TGF-f group compared with those in TGF-f group or si-
TAGLN NC+TGF-Bgroup. HMGA?2 was found to be regu-
lated by the TGF-B1/Smad3 signaling pathway,?' thus we
investigated the interaction between TAGLN and HMGA?2
by using co-immunoprecipitation assay. Results revealed an
interaction between TAGLN and HMGA?2 in both HCT116
and HT29 cells (Figure 3B). In addition, knockdown of
TAGLN led to less HMGA?2 pulldown (Figure 3B).

These results confirm that the TGF-B-TAGLN signaling
pathway affects cell migration-related malignant behavior,
and HMGAZ2 might also be involved.

Overexpression of HMGA?2 Reversed the
Effects of TAGLN Inhibition on CRC Cell

Migration and Invasion

To investigate the interaction of HMGA2 of TAGLN and
its role in TGF-B signaling pathway in CRC cells, we
overexpressed HMGA2 (empty vector as the control) in
HT29 and HCT116 cells that are treated with TGF-p and
si-TAGLN or its control siRNA, as a blank group, TGF-B

group, TGF-B+si-TAGLN NC group, TGF-B+si-TAGLN
group, TGF-B+si-TAGLN+Vector group, TGF-B+si-
TAGLN+HMGA?2 group. As expected, overexpression of
HMGA2 si-TAGLN
decreases of cell migration and invasion in TGF-§ treated
HT29 cells (Figure 4A), and TGF-B triggered unclear
translocation of TAGLN was also significantly restored
(Figure 4C), which a higher TAGLN protein level was
found in unclear than cytoplasm in the TGF-B+si-TAGLN
+HMGA2 group. Western blotting assay revealed that

significantly  rescued induced

overexpression of HMGA2 could restore TGF-p induced
alternation, including cell migration, TAGLN expression,
and protein expression of inhibition of 7TAGLN induced
E-cadherin, vimentin, fibronectin, MMP9 and MMP2,
which were attenuated by TAGLN knockdown (Figure
4D). These results indicated that interaction between
TAGLN and HMGA? are involved in TGF-§ signaling
pathway. Studies in HCT116 cells further confirmed the
findings in HT29 cells that knockdown of TAGLN inhib-
ited TGF-B-induced cell migration and invasion (Figure
4B-D).

TGF-B-Induced TAGLN Expression
Increased Migration and Invasion of

Tumor Promoting

Tumor inoculation of HT29 cells in nude mouse was
used as animal model to evaluate the effect of si-TAGLN
on cancer cell growth, in which mice were implanted
with untreated HT29 cells (blank) or HT29 cells that
pretreated with TGF-p and si-TAGLN (TGF-B+si-TAGLN
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Figure 3 TGF-B-induced TAGLN nucleus translocation in CRC cells. (A) Representative images of Western blotting assay of nucleus and total TAGLN levels. (B)
Representative images of immunoprecipitation of TAGLN and HMGAZ2. (C) Representative images of immunofluorescence of TAGLN. 200 x magnification.
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Figure 4 Overexpression of HMGA?2 restored altered CRC cell migration and invasion induced by inhibition of TAGLN. (A) Cell migration and invasion in HCT 116 cells (left
panel) and representative images of crystal violet staining (right panel). (B) Cell migration and invasion in HT29 cells (left panel) and representative images of crystal violet
staining (right panel). (C) Representative images of Western blotting assay of nucleus and total TAGLN levels. (D) Representative images of Western blotting assay of
E-cadherin, vimentin, fibronectin, MMP2, MMP9, and GADPH. 200 x magnification. *P<0.05, **P<0.01, vs Blank group; ***P<0.05, vs si-TAGLN NC+TGF-; ****P<0.05, vs si-

TAGLN +Vector. One-way ANOVA, Tukey’s post hoc test.

group) or TGF-fB control siRNA (NC group). As shown
in Figure 5A and B, in the si-TAGLN group, compared
with the blank group and control group, the growth of
the tumor was significantly inhibited. Western blotting
assay of the tumor tissues in nude mouse confirmed the
findings, as decreased protein level of TAGLN and
HMGA? in the TGF-B+si-TAGLN group; Western blot-
ting assay revealed that TAGLN knockdown attenuated
TGF-B induced alternation in HT29 cells, including cell
migration, TAGLN expression, and protein expression of
inhibition of TAGLN induced E-cadherin, vimentin,
fibronectin, MMP9 and MMP2 (Figure 5C). The inter-
action between TAGLN and HMGA2 was further con-
firmed, as shown in Figure 5D, and weakened HMGA?2
expression was also observed after inhibition of TAGLN
compared with the control group (Figure 5E).

Discussion
In this study, we investigated the role of TAGLN and
HMGA?2 in TGF-B-induced increase in cell migration of
colorectal cancer cell lines HT29 and HCT116. We found
that TGF-B could significantly promote the migration of
CRC cells probably through induction of TAGLN protein
expression and nucleus translocation. Knockdown of
TAGLN could also rescue TGF-B-induced loss of metasta-
sis markers’ expression; the elevation of MMP9 and
MMP2 were also reversed by inhibition of TAGLN.
Further investigation confirmed the interaction of
HMGA2 and TAGLN, as overexpression of HMGA2
restored effects of TGF-B on HT29 and HCT116 cells
that were attenuated by TAGLN inhibition.

Colorectal cancer is one of the three most common
cancers worldwide.! Altered TGF-B signaling pathway
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HMGAZ2 in tumor tissues. (E) Representative images of H&E, TAGLN and HMGAZ2 staining. 200 x magnification.

was reported in colorectal cancer, as increased TGF-f
levels were detected in primary tumor and blood samples,
and were found to correlate with metastasis and poor
prognosis.”>** TGF-p was reported to induce cell growth
in colon carcinomas and promote cell proliferation in
aggressive cancer cells,”* while inhibition of TGF-p
prevents CRC metastasis by suppressing immune response
to cancer cells by immune system.”> EMT is considered
a key process that confers cancer cells with migration and
invasion abilities.”® During tumor progression, TGF-B sig-
naling was also found to be involved in the EMT that is
critical in colorectal cancer, in which TGF-B activates
RhoA and rho-associated protein kinase to induce actin
polymerization.'>*"*” In our study, we found TGF-p-
dependent activation of TAGLN expression is accompanied
with decreased expression of E-cadherin, and increased
levels of vimentin, fibronectin. It has been shown that
TGF-B induced activation of TAGLN expression in tumor

cells, especially in epithelial cells, can lead to a process of
EMT, and TGF-B stimulated fibroblasts can lead to their
transformation into myofibroblasts, which is important in
tumor progression.

TGF-B is one of the most important signaling pathways
in TAGLN regulation, in which TGF-§ activates TAGLN

expression,' >

as our finding shows decreased TAGLN
expression and altered nucleus translocation was found in
TGF-B-treated CRC cells. We detected the function of
TGF-f in vitro and in vivo. Our data show that it promoted
tumor metastasis and progression accompanied with the
activation of TAGLN. However, the relationship of TAGLN
expression and metastases remains unclear. A few studies
have been published where increased TAGLN expression is
reported in connection with metastasis in colorectal
cancer.”’>° TAGLN is a cytoplasmic protein that was first
identified in smooth muscle,® TAGLN highly expresses in
smooth muscle cells as well as all other types of cells.>'
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TAGLN primarily participates in actin cytoskeleton remo-
deling, which is critical in cell morphogenesis, cell migra-
tion, differentiation, proliferation and apoptosis. In recent
years, number of studies reported altered expression of
TAGLN in many kinds of tumors, and dysfunction of
TAGLN are also found in colorectal cancers.®*>° In can-
cer samples in comparison with healthy controls increased
level of TAGLN was observed patients with advanced
disease, in which invasion of tumor cells into the muscle
layer was found. These results further confirmed in our
study that si-TAGLN significantly decreased the cell inva-
sion and migration.

In addition, we found that HMGA?2 are downregulated by
TGF-B, and overexpression of HMGA2 reversed the function
of TAGLN inhibition, indicating that HMGA2 exerted direct
effects on cell migration. The role of HMGA proteins in
colorectal carcinomas has been widely evaluated.’’~®
Previous studies reported that HMGA2 mRNA in tumor
tissues in patients with adenocarcinoma was significantly
upregulated compared with the normal tissues.>* ** TGF-p/
Smad signaling pathway is critical in HMGAZ2 expression, of
which the activation is a key regulator of EMT that is known
to play a key role in cancer metastasis.'> Loss of epithelial
markers, such as E-cadherin and increase of mesenchymal
markers, such as vimentin and fibronectin, are typical char-
acteristics of EMT in cancer development. In summary,
TGF-B treatment promoted CRC tumor metastasis and
malignancy through upregulation of TAGLN. Mechanically,
the translocation of 7AGLN and the interaction of TAGLN
and HMGA?2 mediated EMT in CRC.
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