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TAGLN2 promotes the proliferation, invasion, migration
and epithelial-mesenchymal transition of colorectal cancer
cells by activating STAT3 signaling through ANXA2
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Abstract. Colorectal cancer (CRC) is one of the leading
causes of cancer-associated mortality worldwide and currently
ranks third in the USA in terms of prevalence. Transgelin-2
(TAGLN?2) was previously reported to serve as a tumor
promoter in various types of cancer. The present study aimed
to investigate the role of TAGLN2 in the progression of CRC
and to determine the potential underlying mechanism. The
expression level of TAGLN2 in CRC cells (HCT116, SNU-C1,
LoVo and SW480) were first detected by reverse transcription
quantitative PCR and western blotting. Following TAGLN2
knockdown through transfection with short hairpin (sh)RNAs
against TAGLN2, CRC cell proliferation was determined
using Cell Counting Kit-8 and 5'-ethynyl-2'-deoxyuridine
assays. Cell migration and invasion were evaluated using
wound healing and Transwell assays, respectively. The expres-
sion levels of matrix metalloproteinase (MMP)2, MMP9 and
proteins associated with epithelial-mesenchymal transition
(EMT), including N-cadherin (N-cad), vimentin, zinc finger
E-box binding homeobox 2 (ZEB2) and E-cadherin (E-cad),
were also evaluated by western blotting. Furthermore,
following TAGLN2 overexpression and the use of signal
transducer and activator of transcription 3 (STAT3) inhibitors
to treat CRC cells, all the aforementioned biological param-
eters were evaluated. The potential relationship between
annexin 2 (ANXA?2) and STAT3 was confirmed by western
blotting analysis. The expression level of TAGLN2 was found
to be particularly high in CRC cells. Following TAGLN2
knockdown, CRC cell proliferation, migration, invasion and
EMT were significantly inhibited. TAGLN2 knockdown also
suppressed STAT3 phosphorylation in CRC cells. In addi-
tion, the promoting effects of TAGLN2 overexpression on
the progression of CRC were reversed by STAT3 inhibitor.
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Furthermore, ANXA2 was positively associated with STAT3.
Taken together, these findings demonstrated that TAGLN?2
could promote the proliferation, invasion, migration and EMT
of CRC cells by activating STAT3 and regulating ANXA2
expression. This may reveal the underlying mechanism by
which TAGLN2 might regulate the progression of CRC and
provide potential therapeutic targets for the treatment of CRC.

Introduction

Colorectal cancer (CRC) is one of the leading causes of
cancer-associated mortality in the world and currently ranks
third in terms of prevalence in the USA (1). The incidence
of CRC in developing countries is increasing at an alarming
rate (1). Despite the significant progress made in the develop-
ment of treatment options for CRC, the overall survival rate of
patients with CRC has not improved sufficiently (2). Identifying
novel biomarkers associated with CRC may therefore help
prolonging the survival time of patients with CRC (3.4).
Transgelin (TAGLN) has been previously implicated
in numerous diseases, including hypertension, asthma and
cancer (5-7). First discovered in 1998, TAGLN?2 is a member of
the calponin family that was found to be aberrantly expressed
in various diseases, especially in cancers (8). The relationship
between TAGLN2 and the pathophysiology of cancer has
been extensively studied, and it is believed that TAGLN?2 is
an oncogene and can regulate various biological processes
in cancer cells, including proliferation, differentiation and
apoptosis (9,10). A previous study reported that TAGLN2
knockdown can effectively reduce cell proliferation, migration
and invasion in bladder cancer cells (11). TAGLN2 increased
expression was also demonstrated to be associated with poor
survival in patients with glioma, suggesting a potential role
of TAGLN?2 in the prognosis of glioma (12). A previous study
has reported that TAGLN?2 is significantly upregulated in
CRC tissues compared with normal mucosa, and that its high
expression is positively corrected with the poor prognostic of
patients and high metastasis (13). It has been proposed that
epigenetic repression of the miR-1-133a cluster may play a
critical role in CRC metastasis by silencing TAGLN2 (14).
Furthermore, a recent study demonstrated that TAGLN?2 is
mainly expressed by the tumor cells and that its level is higher
in these cellsin comparison with adjacent healthy cells, such
as colorectal, bladder, lung and hepatocellular cancers, and
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cervical squamous cell carcinoma (15). However, the effects
of TAGLN2 on the proliferation, invasion, migration and
epithelial-mesenchymal transition (EMT) of CRC cells and its
underlying mechanisms remain to be elucidated.

Annexin A2 (ANXA2), a calcium-dependent phospho-
lipid-binding protein, is expressed mainly in endothelial cells,
macrophages and tumor cells and is widely distributed in
the nucleus, cytoplasm and extracellular surfaces (16). High
expression of ANXA?2 has been shown to be associated with
the progression of invasion, metastasis, and angiogenesis in
cancer (17). Notably, multiple studies have elucidated that
ANXA? is expressed at higher levels in CRC than in normal
colorectal tissues and is associated with malignancy in
CRC, as evidenced by alterations associated with cell prolif-
eration, motility progression, recurrence and survival (18,19),
suggesting a significant and non-negligible role for ANXA2 in
tumor treatment and prognosis.

Signal transducer and activator of transcription 3 (STAT3)
is one of the most frequently activated transcription factors
during inflammatory processes related to cancer (20). STAT3
knockdown in various cell types, including tumor cells and
macrophages, can effectively suppress carcinogenesis and
tumor growth (21-23). In particular, mice with STAT3 defi-
ciency exhibit an admirable ability of increasing anti-tumor
immune responses (22). It is widely accepted that higher
expression level of STAT3 is considered as a marker of
poor prognosis in patients with CRC (24). STAT3, which is
overexpressed in CRC, has been shown to play a prominent
and pathogenic role in CRC initiation, progression and metas-
tasis (25). Targeting STAT3 may therefore be considered as a
potential therapeutic target for the treatment of various types
of cancer.

The present study aimed to explore the potential role of
TAGLN2 in CRC and to determine whether STAT3 could be
involved in the pathogenesis mechanism of CRC. This may help
the identification of novel targets for the treatment of CRC.

Materials and methods

Cell culture. The human colon epithelial cell line NCM460 and
the CRC cell lines HCT116, SNU-C1, LoVo and SW480 were
purchased from The Cell Bank of Type Culture Collection of
The Chinese Academy of Sciences. Cells were incubated in
DMEM (Gibco; Thermo Fisher Scientific, Inc.) supplemented
with 10% FBS (Gibco; Thermo Fisher Scientific, Inc.) and
placed at 37°C in a humidified incubator containing 5% CO,.
HO-3867 (Selleck Chemicals; 10 gmol/l), which is a STAT3
inhibitor, was used to inhibit the expression of STAT3.

Search Tool for the Retrieval of Interacting Genes/Proteins
(STRING) database. The STRING database 11.0 (https:/www.
string-db.org/) was used to predict the binding sites between
STAT3 and ANXA2.

Celltransfection. The short hairpin (sh)RNAs against TAGLN2
(ShRNA-TAGLN2-1 and shRNA-TAGLN2-2, 100 nM), the
shRNAs against annexin 2 (ANXA2; shRNA-ANXA2-1 and
shRNA-ANXA2-2, 100 nM), a scrambled sequence used as the
negative control (sShRNA-NC, 100 nM) for shRNA, the overex-
pression plasmid of TAGLN2 (OV-TAGLN2, 100 nM) and the

empty vector plasmid (OV-NC, 100 nM) were purchased from
Shanghai GenePharma Co., Ltd. SW480 cells were cultured
in 6-well plates and transfections were performed using
Lipofectamine® 3000 (Invitrogen; Thermo Fisher Scientific,
Inc.) according to the manufacturer's protocol. Cells incubated
by shRNA were used as subsequent experiments after 24 h at
37°C. Cells untreated were used as the control group.

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA was extracted from the NCM460, HCT116, SNU-CI1,
LoVo and SW480 cells using TRIzol® reagent (Invitrogen;
Thermo Fisher Scientific, Inc.) and RNA was reverse tran-
scribed into cDNA using the RevertAid First Strand cDNA
Synthesis kit (Thermo Fisher Scientific, Inc.) according to
the manufacturers' protocol. RT-qPCR was performed with
2 ng cDNA using iTaq™ Universal SYBR® Green Supermix
(Bio-Rad Laboratories, Inc.). The reactions were conducted
in an ABI PRISM 7500 Real-time PCR system (Applied
Biosystems; Thermo Fisher Scientific, Inc.). The thermocy-
cling conditions were as follows: Initial denaturation at 94°C
for 10 min, followed by 45 cycles at 95°C for 15 sec and 60°C
for 30 sec. The sequences of the primers were as follows
(Sangon Biotech Co., Ltd.): TAGLN2, forward 5-CTACCT
GAAGCCGGTGTCC-3', reverse 5-ATCCCCAGAGAAGAG
CCCAT-3"; N-cadherin (N-cad), forward 5'-TCAGGCTGT
GGACATAGAAACC-3, reverse 5-GCTGTAAACGACTCT
GGCACT-3"; vimentin, forward 5'-GACGCCATCAACACCG
AGTT-3', reverse 5'-CTTTGTCGTTGGTTAGCTGGT-3"; zinc
finger E-box binding homeobox 2 (ZEB2), forward 5'-GGA
GACGAGTCCAGCTAGTGT-3', reverse 5-CCACTCCAC
CCTCCCTTATTTC-3"; E-cadherin (E-cad), forward 5-ATT
TTTCCCTCGACACCCGAT-3, reverse 5-TCCCAGGCG
TAGACCAAGA-3'; ANXA2, forward 5-GTGAAGCGGGCT
TGGGATT-3, reverse 5-CAAGGGCTGGAAAGCAGTC-3
and GAPDH, forward 5-GAGTCAACGGATTTGGTCGT-3'
and reverse S"TTGATTTTGGAGGGATCTCG-3".

The relative expression levels were normalized to the
endogenous control GAPDH and were expressed as 2444 (26).

Cell counting kit-8 (CCK-8) assay. Cell viability was evalu-
ated using a CCK-8 assay (Shanghai YiSheng Biotechnology
Co., Ltd.). Briefly, SW480 cells after transfection were plated
into 96-well plates (3x10* cells/well). Following cell attach-
ment, 10 ul CCK-8 reagent was added into the 96-well plates
and cells were incubated for 2 h at 37°C before cell viability
was measured using a spectrophotometer (Thermo Fisher
Scientific, Inc.). The optical density was measured at 450 nm.

5-ethynyl-2'-deoxyuridine (EdU) assay. Cell proliferation
ability was monitored by means of EdU staining. SW480 cells
were plated into 96-well plates (5x10* cells/well) and incubated
overnight at 37°C. The next day, 10 uM EdU (Thermo Fisher
Scientific, Inc.) was added into the plates and incubated for
24 h at 37°C. Cells were then fixed with 4% paraformal-
dehyde for 15 min at room temperature and permeabilized
with 0.3% Triton X-100 for 15 min at room temperature.
After rinsing with PBS three times and incubation with
4', 6-diamidino-2-phenylindole (DAPI), a fluorescence micro-
scope (Olympus Corporation; magnification, x200) was used
to observe and capture proliferative cells (EdU-positive) in



ONCOLOGY LETTERS 22: 737, 2021 3

three random fields of view per slide and the cell counting was
performed using ImagelJ software 1.52r (National Institutes of
Health).

Wound healing assay. Wound healing assay was used to
determine cell migration. SW480 cells (3x10° cells/well) were
seeded into 6-well plates. Upon reaching 80% confluence, a
200 ul pipette tip was used to draw a straight line on the cell
monolayer. After washing the cell debris with PBS three times,
cells were cultured with serum-free DMEM for 24 h at 37°C.
Images of migratory cells were captured at 0 and 24 h under a
light microscope (magnification, x100; Olympus Corporation).
The relative cell migration rate of each group (24 h scratch
distance-initial distance) was normalized according to the
average migrated distance of the control group (ImagelJ soft-
ware 1.52r, National Institutes of Health).

Cell invasion assay. To detect the cell invasive ability,
Transwell plates (Corning, Inc.) with 8-ym pore insert coated
with Matrigel (BD Biosciences) was used. SW480 cells
(5x10* cells/well) were seeded into the upper chamber with
serum-free medium, whereas DMEM supplemented with
10% FBS was added to the lower chamber. After incubation
for 24 h at 37°C, invasive cells were fixed with 4% formalde-
hyde for 15 min at 37°C and stained with 0.1% crystal violet
for 20 min at 37°C. Cells were then visualized and counted
under a light microscope (magnification, x100; Olympus
Corporation) from five randomly selected fields. The relative
cell invasive rate was calculated by average invasive cells in
the corresponding group normalized to the average invasive
cells of the control group (ImagelJ software 1.52r, National
Institutes of Health).

Western blotting. Proteins were extracted from cells using RIPA
lysis buffer on ice (Beyotime Institute of Biotechnology). Protein
concentration was measured using a bicinchoninic acid protein
assay kit (Sigma-Aldrich; Merck KGaA). Proteins (40 ug) were
separated by 10% SDS-PAGE and transferred onto PVDF
membranes (EMD Millipore). After blocking with 5% skimmed
milk for 1 h at room temperature, the membranes were incubated
with primary antibodies against TAGLN2 (cat. no. 62567S;
1:1,000; Cell Signaling Technology, Inc.), matrix metallo-
proteinase (MMP)2 (cat. no. 40994S; 1:1,000; Cell Signaling
Technology, Inc.), MMP9 (cat. no. 13667T; 1:1,000; Cell
Signaling Technology, Inc.), E-cad (cat. no. 3195T; 1:1,000; Cell
Signaling Technology, Inc.), N-cad (cat. no. 13116T; 1:1,000; Cell
Signaling Technology,Inc.), vimentin (cat.no.5741T; 1:1,000; Cell
Signaling Technology, Inc.), phosphorylated-STAT3 (p-STAT3;
cat. no. 9145T; 1:1,000; Cell Signaling Technology, Inc.), STAT3
(cat. no. 8768T; 1:1,000; Cell Signaling Technology, Inc.),
ANXAZ2 (cat. no. 8235S; 1:1,000; Cell Signaling Technology,
Inc.), GAPDH (cat. no. 5174T; 1:1,000; Cell Signaling
Technology, Inc.) and ZEB2 (cat. no. sc-271984; 1:1,000; Santa
Cruz Biotechnology, Inc.) at 4°C overnight. After rinsing with
PBS, the membranes were incubated with the appropriate
HRP-conjugated secondary antibodies (cat. no. 7074S; 1:3,000;
Cell Signaling Technology, Inc. and cat. no. sc271984; 1:1,000;
Santa Cruz Biotechnology, Inc.) at room temperature for 60 min.
The bands were visualized using enhanced chemiluminescence
reagent (EMD Millipore). Protein bands were quantified using

Imagel software (version 1.52r; National Institutes of Health).
The relative protein level was normalized to GAPDH.

Statistical analysis. The data were presented as the
means + standard deviation of three independent experiments.
Statistical analyses were performed using GraphPad Prism
version 6.0 (GraphPad Software, Inc.). Comparisons between
multiple groups were conducted using ANOVA followed by
Tukey's post hoc test. P<0.05 was considered to indicate a
statistically significant difference.

Results

TAGLN?2 expression is increased in CRC cells. To study
the specific role of TAGLN2 in CRC cells, RT-qPCR and
western blotting were conducted on CRC cell lines (HCT116,
SNU-C1, LoVo and SW480) and the NCM460 cell line. The
expression level of TAGLN2 was found to be the lowest in
NCM460 cells, whereas TAGLN2 expression was significantly
increased in all CRC cells tested compared with NCM460 cells
(Fig. 1A and B). Among all CRC cell lines tested, TAGLN2
expression in SW480 cells was demonstrated to be the highest.
SW480 cell line was therefore chosen for subsequent experi-
ments.

TAGLN?2 knockdown inhibits the proliferation, migration,
invasion, EMT and STAT3 phosphorylation in CRC cells.
To investigate the relationship between TAGLN2 expression
and the physiology of CRC cells, TAGLN2 expression was
knocked down using shRNAs. The shRNA-TAGLN2-1, which
significantly decreased TAGLN2 expression, was used to
knock down TAGLN?2 expression in SW480 cells in subsequent
experiments (Fig. 1C and D). An inhibitory effect of TAGLN2
knockdown on the proliferation of SW480 cells compared
with the sShRNA-NC group was observed in Fig. 1E and F.
In addition, TAGLN?2 significantly decreased SW480 cell
migration and invasion compared with the sShRNA-NC group
(Fig. 2A-D). MMP2 and MMP9 are two important migra-
tion-related proteins involved during tumorigenesis (27,28).
A significant decrease in MMP2 and MMP9 expression was
observed in the ShRNA-TAGLN2-1 group compared with the
shRNA-NC group (Fig. 2E).

EMT is a process during which epithelial cells lose their
polarity and acquire a mesenchymal phenotype, which is
an important process for promoting tumor invasiveness and
metastasis (29). It is commonly characterized by down-
regulation of E-cad, which is a key epithelial marker, along
with upregulation of N-cad, vimentin and ZEB2, which are
crucial mesenchymal marker genes (30,31). As presented in
Fig. 3A and B, the protein expression of the mesenchymal
markers N-cad, vimentin and ZEB2 was significantly
decreased, while E-cad expression was significantly increased
in SW480 cells transfected with sShARNA-TAGLN2-1 compared
with the shRNA-NC group. Genes regulated by canonical
EMT have been reported to be downstream targets of STAT3.
Numerous cancer cell lines and primary tumors were reported
to possess constitutively active STAT3 (p-STAT3) that can lead
to cellular transformation and ultimately tumorigenesis (32).
The expression of STAT3 and p-STAT3 was therefore deter-
mined in the present study. The results from western blotting
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Figure 1. TAGLN2 expression levels are upregulated in CRC cell lines, but TAGLN2 silencing inhibits the proliferation of SW480 cells. Expression of TAGLN2
in a panel of CRC cell lines and NCM460 cells was detected by (A) western blotting and (B) RT-qPCR. Expression of TAGLN2 in SW480 cells was examined

a Cell Counting Kit-8. “"P<0.001 vs. shRNA-NC. (F and G) Cell proliferation was assessed by EdU staining (scale bar, 50 gm). ““"P<0.001. TAGLN2, trans-
gelin 2; CRC, colorectal cancer; RT-qPCR, reverse transcription quantitative PCR; sh, short hairpin; NC, negative control; EdU, 5-ethynyl-2'-deoxyuridine.

demonstrated that STAT3 phosphorylation was significantly  suggested that TAGLN2 knockdown may inhibit the prolifera-
decreased in the ShARNA-TAGLN2-1 group compared with the  tion, migration, invasion and EMT in CRC cells, and decrease
shRNA-NC group (Fig. 3C). Taken together, these findings ~ STAT3 phosphorylation.
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Figure 2. Knockdown of TAGLN?2 inhibits the migration and invasion of colorectal cancer cells. SW480 cell migration and invasion were respectively
measured by (A and B) wound healing and (C and D) Transwell assays (scale bar, 100 ym). (E) Expression of MMP2 and MMP9 was measured by western
blotting following TAGLN2 knockdown in SW480 cells. “"P<0.001. TAGLN2, transgelin 2; MMP, matrix metalloproteinase; sh, short hairpin; NC, negative

control.

STAT3 inhibitor reverses the promoting effects of TAGLN2
overexpression on the proliferation, migration, invasion
and EMT of CRC cells. To further investigate whether
TAGLN?2 could function as an oncogenic gene by regulating
STAT3 in CRC, TAGLN2 was overexpressed. As presented
in Fig. 4A and B, the protein and mRNA expression of
TAGLN?2 was significantly increased following transfection
with TAGLN2 plasmid compared with the OV-NC group.
Subsequently, HO-3867 (10 umol/l), which is a STAT3 inhib-
itor, was used to inhibit the expression of STAT3 in SW480
cells overexpressing TAGLN2. As presented in Fig. 4C and D,
overexpression of TAGLN2 led to an enhanced proliferative
ability of SW480 cells according to CCK-8 and EdU staining
compared with OV-NC group; however, TAGLN2 overexpres-
sion combined with HO-3867 treatment partially abolished the
promoting effects of OV-TAGLN2. Furthermore, TAGLN2
overexpression significantly increased the migration and inva-
sion of SW480 cells compared with the OV-NC group, both of
which were partially counteracted by treatment with HO-3867
(Fig. 5A-D). The expression profiles of MMP2 and MMP9
in the combined OV-TAGLN2 + HO-3867 treatment group
exhibited similar trends as those observed for the migration
and invasion following OV-TAGLN2 transfection (Fig. 5E).
Subsequently, significantly upregulated N-cad, vimentin and

ZEB2 expression coupled with downregulated expression of
E-cad were demonstrated following TAGLN2 overexpression
in SW480 cells compared with OV-NC group, which were
partially reversed by HO-3867 treatment (Fig. 5SF and G). Taken
together, these findings suggested that TAGLN2 overexpres-
sion may promote the proliferation, migration, invasion and
EMT of SW480 cells at least in part through STAT3 signaling.

TAGLN? overexpression promotes the expression of STAT3 via
ANXA2. It was previously reported that TAGLN?2 is involved in
CRC progression by regulating ANXA?2 (33). Further analysis
using STRING database predicted that ANXA?2 may bind to
STAT3 (Fig. 6A). The expression of ANXA?2 was therefore
evaluated in SW480 cells and was found to be significantly
higher in SW480 cells overexpressing TAGLN2 compared
with SW480 cells transfected with OV-NC, suggesting the
regulating effect of TAGLN2 to ANXA2 (Fig. 6B and C).
ANXAZ2 expression was subsequently knocked down by trans-
fection with shRNA-ANXA2-1 and shRNA-ANXA2-2. Since
shRNA-ANXAZ2-1 exhibited a superior transfection efficiency,
shRNA-ANXAZ2-1 was chosen for following experiments
(Fig. 6D and E). Overexpression of TAGLN2 led to an increase
in the levels of STAT3 phosphorylation, which was reversed
following shRNA-ANXA?2 transfection (Fig. 6F). These
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Figure 3. Knockdown of transgelin 2 inhibits EMT and STAT3 phosphorylation in colorectal cancer cells. (A and B) Expression of proteins associated with

EMT (N-cad, vimentin, ZEB2 and E-cad) was measured by reverse transcription-quantitative PCR and western blotting. (C) Expression of STAT3 and
p-STAT3 was evaluated using western blotting. “P<0.01 and ““P<0.001. EMT, epithelial-mesenchymal transition; STAT3, signal transducer and activator of

transcription 3; TAGLN2, transgelin 2; sh, short hairpin; NC, negative control; N-cad, N-cadherin; E-cad, E-cadherin; p, phosphorylated; ZEB2, zinc finger

E-box binding homeobox 2.
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Figure 4. Treatment with the STAT3 inhibitor HO-3867 reverses the positive effects of TAGLN2 overexpression on colorectal cancer cell proliferation. After
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blotting, respectively. = P<0.001. (C) Cell viability was assessed using a Cell Counting Kit-8. (D and E) EdU staining was used to evaluate the cell proliferation
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5-ethynyl-2'-deoxyuridine.

findings suggested that TAGLN2 overexpression may activate
STATS3 signaling potentially via ANXA?2.

Discussion

The calponin homolog domain contained within the TAGLN2
protein structure implicates the possible involvement of
TAGLN?2 in cytoskeletal reorganization, and TAGLN2 was
shown to be directly and indirectly involved in numerous
cancer-related processes, such as migration, proliferation,
differentiation or apoptosis (19,34). Previous studies reported a
relationship between TAGLN2 expression and cancer (33,35).
Higher expression levels of TAGLN2 were previously observed
in pancreatic cells (36). TAGLN2 expression was also found to
be increased in CRC tissues, which was associated with lymph
node and distant metastases, suggesting a potential role of
TAGLN?2 in the pathophysiology of CRC (35). However, the
effects of TAGLN2 on the proliferation, invasion, migration

and EMT of CRC cells and its potential mechanisms remain to
be elucidated. The present study demonstrated that TAGLN2
expression was significantly elevated in CRC cells and that
knocking down TAGLN2 expression significantly inhibited
CRC cell proliferation, migration, invasion and EMT. The
effects of TAGLN2 on the progression of CRC may be partly
mediated by STAT3, which is located downstream of the
ANXA? signaling pathway.

A previous study reported that TAGLN?2 is significantly
upregulated in CRC tissues compared with normal mucosa,
and that its high expression is positively corrected with the
poor prognostic of these patients and high metastasis (17). To
the best of our knowledge, the present study was the first to
investigate the effects of TAGLN2 on the progression of CRC.
The results demonstrated that TAGLN2 was significantly
elevated in CRC cells and that TAGLN2 silencing inhibited the
proliferation, migration, invasion and EMT of CRC cells. The
indirect inactivation of STAT3 signaling using tyrosine kinase
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Figure 5. STAT3 inhibitor HO-3867 reverses the positive effects of TAGLN2 overexpression on the migration, invasion and EMT of colorectal cancer cells.
SW480 cell migration and invasion were measured by (A and B) wound healing and (C and D) Transwell assays, respectively (scale bar, 100 ym). (E) Expression
of MMP2 and MMP9 was measured by western blotting. (F and G) Expression of proteins associated with EMT (N-cad, vimentin, ZEB2 and E-cad) was

measured by reverse transcription-quantitative PCR and western blotting. "P<0.05, “P<0.01 and

“"P<0.001. EMT, epithelial-mesenchymal transition; MMP,

matrix metalloproteinase; TAGLN2, transgelin 2; OV, overexpressing plasmid; NC, negative control; STAT3, signal transducer and activator of transcription 3;
N-cad, N-cadherin; E-cad, E-cadherin; ZEB2, zinc finger E-box binding homeobox 2.

inhibitors has already been applied clinically and was shown
to regulate cell cycle and apoptosis in tumor cells, which in
turn can control the progression of numerous types of cancer,
including medulloblastomas and renal cell carcinoma (37,38).
A previous study using an in vivo mice model has also
demonstrated that STAT3 inhibitors can serve as potent tumor
suppressors due to their anti-tumor activity (22). Another
study also reported that STAT3 activation is a marker of poor
prognosis in patients with CRC (24). STAT3 overexpression

has been shown to play a crucial and pathogenic role in CRC
initiation, progression and metastasis (25). Targeting STAT3
may therefore be promising for future CRC therapies. EMT
is a process that frequently occurs during fibrosis and devel-
opment of cancers (39). STAT3 has been widely reported to
be a transcriptional activator of genes associated with EMT
in gastrointestinal cancer (40). To verify whether TAGLN2
could regulate STAT3 expression and subsequent CRC cell
behavior, TAGLN2 was overexpressed in SW480 cells in
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Figure 6. Overexpression of TAGLN?2 enhances the expression of STAT3 downstream of ANXA2. (A) ANXA2 was predicted to be associated with STAT3
according to the Search Tool for the Retrieval of Interacting Genes/Proteins database. After overexpressing TAGLN2, the expression of ANXA?2 was measured
using (B) RT-qPCR and (C) western blotting. After knocking down ANXA2 in TAGLN2-overexpressing cells, the expression of ANXA2 was detected by
(D) RT-qPCR and (E) western blotting. (F) Western blotting was used to examine the expression of STAT3 and p-STAT3. “"P<0.001. RT-qPCR, reverse
transcription-quantitative PCR; TAGLN2, transgelin 2; ANXA?2, annexin 2; STAT3, signal transducer and activator of transcription 3; sh, short hairpin;
NC, negative control; OV, overexpressing plasmid; p, phosphorylated.

the present study. The proliferation, migration, invasion and  and EMT previously induced by TAGLN?2 overexpression was
EMT were all enhanced following TAGLN2 overexpression.  partially reversed in SW480 cells. A previous study similarly
In addition, following treatment with the STAT3 inhibitor  reported the preventive effect of STAT3 inhibition on against
HO-3867, the potentiated proliferation, migration, invasion the cellular alterations because of the EMT (41).
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The findings from the present study suggested that
TAGLN2 may promote pathological cellular behaviors of
CRC, including proliferation and invasion, through STAT3.
However, the underlying mechanisms by which TAGLN2
could regulate STAT3 remain to be fully elucidated. A
previous study reported the involvement of TAGLN2 in
the metastasis and progression of hepatocellular carcinoma
via ANXA2 (33). ANXAZ2 is a type of calcium-dependent
phospholipid-binding proteins that is highly expressed
in various types of cancer cells, including breast cancer,
gastric cancer, lung cancer and CRC cells (42-46). It has
also been reported that the histological type, tumor size and
Tumor-Node-Metastasis stage are associated with the high
expression levels of ANXA2 (43). In addition, the recurrence
and survival rates of patients with CRC are closely related
to ANXA?2 expression (47). ANXAZ2 is mainly localized in
the plasma membranes of cells in CRC tissues and adjacent
non-cancerous tissues, although its expression is significantly
higher in CRC tissues compared with adjacent non-cancerous
tissues (48). ANXA?2 expression may therefore be used in the
clinical diagnosis of CRC.

ANXA?2 has been demonstrated to activate STAT3 in
macrophages and to enhance the formation of breast cancer,
pancreatic cancer and hepatoma (49). ANXA?2 overexpres-
sion serves a crucial role in CRC invasiveness through
Src/ANXA2/STAT3 pathway activation (41). ANXA2 might
regulate the proliferation, invasion and migration of CRC cells
in association with STAT3 (50). Compared with the afore-
mentioned previous studies, the present study hypothesized
that STAT3 may serve an important role in the downstream
signaling pathway of TAGLN2 and ANXA?2 during CRC
pathogenesis. Although the relationship between STAT3 and
ANXAZ2 in CRC has been already reported, the present study
may be the first to report the relationship between TAGLN2,
STAT3 and ANXA?2 in CRC. In the present study, a positive
relationship between TAGLN2 and ANXA?2 expression was
found, which was supported by the fact that TAGLN2 over-
expression also increased ANXA?2 expression. Furthermore,
ANXAZ?2 knockdown led to decreased STAT3 phosphory-
lation in TAGLN2-overexpressing cells, suggesting that
TAGLN?2 overexpression could activate STAT3 downstream
of ANXAZ2.

This study presented some limitations. Firstly, only one
CRC cell line was used to investigate the effects of TAGLN2 in
CRC and its regulatory effects on ANXA2/STAT3. Secondly,
the effects of TAGLN2/ANXA2/STAT3 axis on tumor growth
and metastasis of mice bearing tumor was not investigated.

In summary, the present study demonstrated for the first
time that TAGLN2 overexpression could promote CRC cell
proliferation, migration and invasion, in addition to facili-
tating EMT by activating STAT3 downstream of ANXA2,
which may be the underlying mechanism by which TAGLN2
regulates the progression of CRC. This potentially provides
a therapeutic target for CRC, as inhibition or knockdown of
TAGLN2 reduces CRC cell tumor formation by suppressing
STAT?3 signaling downstream of ANXA?2.
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