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A B S T R A C T

Aims: The purpose of this study was to investigate the role of long non-coding RNA taurine-upregulated gene 1
(TUG1) in colon cancer (Cc) and related molecular mechanisms.
Materials and methods: RT-qPCR, Western blot and immunohistochemistry were used to detect the expression of
related proteins. BrdU and Transwell assays were used to detect cell proliferation and invasion, respectively.
Immunofluorescence was used to detect the expression of Vimentin.
Key findings: TUG1 expression was up-regulated in CaCO-2, SW620 and HT-29 cells, while miR-26a-5p was
down-regulated. Bioinformatics analysis showed that miR-26a-5p was the target of TUG1, and the targeting
relationship was further confirmed by dual-luciferase report analysis. Besides, matrix metalloproteinases-14
(MMP-14) was a target of mir-26a-5p. Knockdown of TUG1 by shRNA (sh-TUG1) inhibited MMP-14 expression.
Functional analysis showed that sh-TUG1 significantly inhibited Cc cell proliferation, invasion and epithelial-
mesenchymal transformation (EMT). Notably, miR-26a-5p inhibitor reversed the promotion of Cc caused by sh-
TUG1. Mechanically, the overexpression of TUG1 significantly up-regulated the levels of MMP-14, VEGF, p-p38
mitogen-activated protein kinase (p-p38 MAPK) and p-HSP27 (heat shock protein 27), and promoted the pro-
liferation, invasion and EMT of Cc cells. However, MAPK pathway inhibitor SB203580 has shown the opposite
effect. Additionally, animal studies have shown that sh-TUG1 inhibited tumor growth and motility in vivo in the
same way.
Significance: This study demonstrated that TUG1 accelerates the development of colon cancer by regulating miR-
26a-5p/MMP14/p38 MAPK/Hsp27 axis in vitro and in vivo. Therefore, TUG1 provides a new direction for the
treatment of Cc.

1. Introduction

Colon cancer (Cc) is the third malignant tumor worldwide with no
obvious symptoms in the early stage [20]. In China, the incidence of Cc
is growing at a rate of 3.9% per year. With the development of gas-
trointestinal endoscopy, the early diagnosis rate of Cc has increased
[18]. Clinically, cytoreductive surgery combined with chemotherapy
was used to treat Cc [4]. Although adjuvant therapy has been widely
used, the overall survival rate of patients is still very low [1,15].
Therefore, it is of great significance to explore the molecular me-
chanism of Cc for clinical effective treatment.
Taurine-upregulated gene 1 (TUG1) is a novel lncRNA located on

chr22q12.2 and upregulated by taurine in retinal cells of mice [26].

Extensive studies have shown that TUG1 is associated with a variety of
cancers, including laryngeal cancer [31] and hepatocellular carcinoma
[5]. Previous studies have shown that overexpression of TUG1 pro-
moted tumorigenesis of Cc [29]. However, the molecular mechanism of
TUG1 remains to be further studied.
miR-26a-5p is a tumor suppressor gene that blocks cell cycle and

cell proliferation [16]. Numerous studies have shown that miR-26a-5p
miR-26a-5p contributed to inhibit the occurrence of various diseases,
especially cancers, such as lung adenocarcinoma [19] and bladder
cancer [21]. Matrix metalloproteinase-14 (MMP-14) is a transmem-
brane protein hydrolase that simultaneously degrades cytokines and
growth factors [7]. Studies have shown that MMP-14 promoted an-
giogenesis, invasion and metastasis manily by up-regulating vascular
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endothelial growth factor (VEGF) and mediating the activation of
MMP2 enzyme [22]. In recent years, abnormal expression of MMP-14
has also been found in gastric cancer [24], breast cancer [3] and col-
orectal cancer [27]. Besides, MMP-14 is regulated by a variety of mi-
croRNAs, such as miR-133a [2] and miR-26b [13]. However, the effect
of miR-26a-5p/MMP-14 interaction on Cc and its related molecular
mechanism are unclear.
p38 mitogen-activated protein kinase (p38MAPK) is a key protein

activated by various inflammatory mediators and environmental stress
and plays an important role in proliferation, differentiation and survival
[8]. As a primary substrate of p38 MAPK, heat shock protein 27
(Hsp27) is a downstream protein of MAPK-activated protein kinase-2
(MAPKAPK-2; MK2). Previous studies have shown that the activation of
the p38 MAPK pathway is involved in the occurrence of colorectal
cancer [10]. However, it is unclear whether the p38MAPK/Hsp27
pathway is involved in Cc.
To date, the role of TUG1 and its potential molecular mechanisms

are not clear. In the present study, we first provided a direct evidence
that TUG1 might be employed as a therapeutic target for Cc.

2. Material and methods

2.1. Cells and transfection

Human colon cancer cell lines (SW620, HT-29, CaCo-2) and normal
human colon fibroblast (CCD-18Co) were purchased from the Cell Bank
of the Chinese Academy of Sciences (Shanghai, China). SW620 and HT-
29 cells were maintained in RPMI-1640 medium and McCoy's 5A, re-
spectively. Caco-2 and CCD-18Co cells were cultured in Minimum
Essential Media (Global Cell Solutions, Charlottesville, VA, USA). All
cells were incubated with 10% fetal bovine serum (FBS, Invitrogen,
Grand Island, NY, USA), 50 U/ml penicillin and 50 μg/ml streptomycin
(Invitrogen, Grand Island, NY, USA) and grown at 37 °C with 5% CO2.
All transfections were performed using Lipofectamine 2000 reagent
(Invitrogen, Grand Island, NY, USA) according to the manufacturer's
protocol.

2.2. Reverse transcription quantitative real-time PCR (RT-qPCR)

Total RNA extracted from SW620,HT-29, CaCo-2, CCD-18Co and
tumor tissues with TRIzol reagent was reverse-transcribed to cDNA by
RevertAid First Strand cDNA Synthesis kit (Invitrogen, Grand Island,
NY, USA). RT-qPCR was performed by SYBR-Green PCR Master Mix kit
(Takara, Japan) and ABI 7500 Real-Time PCR System (Applied
Biosystems, USA). RNA was heated at 42 °C for 60min and incubated at
72 °C for 15min to synthesize First Strand cDNA. Thereafter, 1 μl of
cDNA was mixed with 10 μl of SYBR® Premix Ex Taq™, and 0.5 μl of the
corresponding primers was added, and then nuclease-free water was
added to a final volume of 20 μl.The reaction was checked using an ABI-
7500 real-time PCR system as follows: 95 °C for 30 s, then 48 cycles at
95 °C for 3 s and 53 °C for 42 s. Fold changes were calculated by
equation 2−ΔΔCt. All results were repeated three times. The primers of
GAPDH were 5′-GTCAGGATCCACTCATCACG-3' (sense) and 5′-GATCG
GACTTACGGACTCACATC-3’ (antisense); The primers of miR-26a were
5′-CTTCGACGGCATACGAAATGCGCC-3’ (sense) and 5′-CCTAGGTAAC
CAGTAGCTAGCGC-3’ (antisense); The primers of TUG1 were 5′-CCGG
TAGGGCCACTAAACGTACG-3’ (sense) and 5′-GGCTTAAAAGCCGCCC
GCATGCC-3′(antisense). The primers of MMP14 were 5′-TACGTTAAA
CGTGGCTGCCAGTAACGG-3’ (sense) and 5′-TTAGCGGACTAGCAAAG
CTGCACCG -3′(antisense). GAPDH was employed as an internal re-
ference.

2.3. TUG1 knockdown and overexpression

ShRNA specific to TUG1 was obtained from GenePharma
(Guangzhou, Guangdong, China). The sequence was as follows: 5′-

CCAACGAUUUCGUUCCUUTT-3′. For overexpression, the full length of
TUG1 were amplified and integrated into LV-MAX (Invitrogen) to ob-
tained TUG1 overexpressing lentivirus (LV-TUG1). SW620 cells were
subsequently infected with lentivirus or transfected with sh-TUG1 using
Lipofectamine 2000 reagent (Invitrogen, Guangzhou, China).

2.4. Dual luciferase reporter assay

The target of TUG1 was estimated using miRDB (http://mirdb.org).
The 3′UTR fragmentsof TUG1 (wt and mut) were amplified and in-
tegrated into a luciferase reporter vector (pmirGLO; Promega, USA).
Recombinant vectors (Luc-TUG1-wt or Luc-TUG1-mut) or/and miR-26a
mimic were transfected into SW620 cells using Lipofectamine 2000
transfection reagent (Invitrogen, Grand Island, NY, USA). Luciferase
activity was identified by a dual-luciferase reporter assay kit (Promega,
Madison, USA).

2.5. Western blot analysis

SW620 cells and tumor tissue were ground in liquid nitrogen and
cleaved in a lysate buffer (Beyotime, Shanghai, China). The proteins
was isolated with 8% SDS polyacrylamide gel and transferred to poly-
vinylidene difluoride (PVDF) membrane (Millipore, IPFL00010,
Billerica, MA). After incubation with primary antibodies, the samples
were reacted with anti-rabbit IgG (H + L) secondary antibody
(#14708, 1:1000, Cell Signaling Technology, Massachusetts, USA) and
detected with an enhanced chemiluminescence (ECL) substrate kit
(Amersham Biosciences, USA). The primary antibodies MMP-14
(#13130, 1:1000), E-cadherin (#3195, 1:1000), Vimentin (#5741,
1:1000), N-cadherin (#13116, 1:1000), VEGF (#9698, 1:1000), p38
(#8690, 1:1000), p-p38 (#4511, 1:1000), HSP27 (#95357, 1:1000), p-
HSP27 (#9709, 1:1000) and GAPDH (#5174, 1:1000) were all from
Cell Signaling Technology (Massachusetts, USA). Relative protein levels
was tested by ImageJ software. The experiments were repeated in-
dependently in triplicate.

2.6. BrdU staining assay

The transfected SW620 cells were inoculated in 96-well plates and
cultured overnight. BrdU (10 μg/mL) was added to the medium and
incubated for another 1 h. The cells were then fixed in 4% paraf-
ormaldehyde for 10min and stained with anti-BrdU antibody
(Biocompare, South San Francisco, CA) according to the manufacturer's
instructions. Finally, the cells were counterstained with DAPI and
photographed with fluorescence microscopy (Olympus, Tokyo, Japan).
The experiments were repeated independently in triplicate.

2.7. Transwell assay

Transwell assay was employed to measure the invasive capacity of
SW620 cells. Matrigel was diluted with serum-free DMEM medium,
coated on the surface of the upper chamber and dried at room tem-
perature. Cells were starved in serum-free medium for 24 h, and cell
suspension was collected and transferred to the upper chambers
(200ml per chamber). The lower chamber was added with 600 μl
medium containing 10% FBS. After 48 h of culture at 37 °C, the upper
chamber was removed and washed with PBS. Wipe off the residual cells
on the upper membranes with a cotton bud. The cells in the lower
chamber were then fixed with 95% alcohol, stained with crystal violet
and observed under a microscope (Leica, Germany). The experiments
were repeated independently in triplicate.

2.8. Animal models

All animal experiments were carried out in accordance with the NIH
Guide for the Care and Use of Laboratory Animals and were approved
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by Jinzhou Medical University. A total of 60 BALB/c nude mice (male,
4-week old) were obtained from the Animal Center of Jinzhou Medical
University. The mice were housed in a controlled environment at a
temperature of 25 ± 3 ̊ C and a humidity of 60%, and were housed
under a 12-h light/dark cycle with free access to food and water.
Untreated SW620 cells or SW620 cells transfected with sh-TUG1 were
injected subcutaneously into the flank area of mice. After successful
modeling, mice were randomly divided into two groups with ten in
each group: Control group and sh-TUG1 group (SW620 cells with sh-
TUG1 were injected into mice). After 30 days injection, mice were
euthanized by intraperitoneal injection of pentobarbital sodium
(200mg/kg body weight). Tumors were harvested and tumor weight
was measured. All experiments were conducted in triplicate.

2.9. Immunofluorescent assay

Immunofluorescence assay was used to estimate changes in vi-
mentin levels in SW620 cells. Briefly, transfected SW620 cells were
fixed with 4% paraformaldehyde for 30min, permeabilized with 0.5%
TritonX-100 for another 30min and then blocked with TBST (con-
taining 5% bovine serum albumin, BSA, Affymetrix, Cleveland, OH) at
37 °C overnight. After pretreatment with primary antibodies against
Vimentin (#5741, 1:100, CST) overnight at 4 °C, cells were incubated
with Alexa Fluor® 647 Conjugate secondary antibody (#4414, 1:1000,
CST), stained with DAPI (1:1000, cat. No. D9564, Sigma-Aldrich) and
examined by confocal microscopy (LSM 510 Meta, Zeiss, Oberkochen,
Germany). Vimentin spots were counted from more than 10 micro-
scopic fields. The microscopic images were processed as previously
described (Cao et al., 2017). The experiments were repeated in-
dependently in triplicate.

2.10. Immunohistochemistry (IHC)

IHC was carried out according to the previous methods [12]. Briefly,
paraffin sections were deparaffinized in xylene and rehydrated in
ethanol at several different gradients. After that, the tissue slices were
incubated in 30% H2O2 for 30min to inactivate endogenous peroxidase,
and incubated with primary antibodies Ki-67 (#9027, 1:400, CST) and
VEGF (#2479, 1:600, CST) at 4 °C overnight. After washing with TBST
for three times, the sections were incubated with Alexa Fluor® 488
secondary antibody (Cat # A-21206, 1:500, Thermo Fisher) at room
temperature for 3 h. The image was recorded under an optical micro-
scope. The experiments were repeated independently in triplicate.

2.11. Statistical analysis

The statistical analysis was undertaken with SPSS 21.0 (SPSS, Inc,
Chicago, IL, USA). Measurement data were presented as mean ± SD
(x ± s). Statistical significance was obtained by using Student's t-test
(both groups) or ANOVA (>2 group). *p < 0.05 were deemed to
statistically significant.

3. Results

3.1. The expression of TUG1 was upregulated, while the expression of miR-
26a-5p was downregulated in human colon cancer cells

We firstly detected the levels of TUG1 and miR-26a-5p in three
colon cancer cell lines (SW620,HT-29 and CaCo-2) and normal human
colon fibroblast (CCD-18Co) by RT-qPCR. As shown in Fig. 1A, TUG1
level in SW620,HT-29, CaCo-2 was significantly increased and miR-
26a-5p level was significantly decreased compared to CCD-18Co
(Fig. 1B). Compared with CCD-18Co, SW620 cell line showed great
differences in both TUG1 and miR-26a-5p. Thus, the SW620 cell line
was used for subsequent experiments. Taken together, these results
demonstrated that TUG1 and miR-26a-5p may be correlated with

human colon cancer.

3.2. miR-26a-5p was a target of TUG1 in SW620 cells

The target relationship between TUG1 3′UTR (wt and mut) and
miR-26a-5p was predicted by miRDB (http://mirdb.org/) (Fig. 2A). The
expression level of miR-26a-5p was monitored by RT-qPCR. As shown
in Fig. 2B, the mRNA level of miR-26a-5p was markedly increased in
the sh-TUG1 group (Fig. 2B). However, opverexpression of TUG1 sig-
nificantly decreased miR-26a-5p level (Fig. 2C). Dual luciferase re-
porter assay showed that luciferase activity was significantly reduced in
SW620 cells co-transfected with TUG wt and miR-26a-5p mimic,
whereas no significant changes were detected in SW620 cells trans-
fected with TUG wt alone or TUG mut or/and miR-26a-5p mimic
(Fig. 2D). In short, these results indicated that miR-26a-5p was a target
of TUG1 in SW620 cells.

3.3. TUG1 promoted proliferation and invasion of SW620 cells by
regulating miR-26a-5p/MMP-14 axis

The target relationship between miR-26a-5p and MMP-14 3′UTR
(wt and mut) was predicted by Targetscan7.0 (http://www.targetscan.
org) (Fig. 3A). The expression level of MMP-14 was monitored by
western blot. As shown in Fig. 3B, the level of MMP-14 in the sh-TUG1
group was noticeably decreased, indicating that TUG1 and MMP-14 had
a positive regulatory relationship. BrdU staining was applied to in-
vestigate the proliferative ability, while transwell assay was utilized to
determine the invasive capacity. As shown in Fig. 3C, BrdU-positive
cells in the sh-TUG1 group were significantly less than the control
group. Meanwhile, transwell assay showed that the number of invading
cells in the sh-TUG1 group was also significantly reduced. Notably, the
miR-26a-3p inhibitor reversed the inhibitory effects of sh-TUG1 on cell
proliferation and invasion (Fig. 3D). Taken together, our results in-
dicated that TUG1 promoted proliferation and invasion of SW620 cells
by regulating miR-26a-5p/MMP-14 axis.

3.4. TUG1 accelerated the epithelial-mesenchymal transition (EMT) of
SW620 cells

Western blotting and immunofluorescent assay were applied to in-
vestigate the EMT process of SW620 cells. As shown in Fig. 4A, the
downregulation of TUG1 significantly inhibited the expression of me-
senchymal marker proteins (Vimentin and N-cadherin) in SW620 cells

Fig. 1. The expression of TUG1 was upregulated, while the expression of miR-
26a-5p was downregulated in human colon cancer cells TUG1 and miR-26a-5p
were monitored by RT-qPCR. A. The expression level of TUG1 in three human
colon cancer cell lines (SW620,HT-29, CaCo-2) and normal human colon fi-
broblast (CCD-18Co) was detected by RT-qPCR, B. The expression level of miR-
26a-5p in three human colon cancer cell lines (SW620,HT-29, CaCo-2) and
normal human colon fibroblast (CCD-18Co) (**p < 0.01 vs. control;
***p < 0.001 vs. control).
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and promoted the expression of epithelial marker protein (E-cadherin).
Contrary results were observed in the miR-26a inhibitor group. In ad-
dition, immunofluorescent assay showed that sh-TUG1 significantly
reduced the number of Vimentin+punctum per cell. However, this
effect was counteracted by miR-22–3p inhibitor (Fig. 4B). Therefore,
the present study suggested that TUG1 accelerated the EMT process in
SW620 cells.

3.5. TUG1 worked in vitro via miR-26a-5p/MMP-14/p38 MAPK/Hsp27
axis

SW620 cells were infected with LV-TUG1 lentivirus or/and treated
with SB203580. The levels of MMP-14, VEGF, p-p38 and p-Hsp27 were

determined by western blotting. As shown in Fig. 5A, overexpression of
TUG1 sigficantly elevated the levels of MMP-14 and VEGF, and ac-
celerated the phosphorylation of p38 (p-p38) and Hsp27 (p-Hsp27).
However, the addition of SB203580, a p38 MAPK inhibitor, sig-
nificantly reduced the levels of MMP-14, VEGF, p-p38 and p-Hsp27 in
SW620 cells. Besides, BrdU staining and transwell assay showed that
TUG1 overexpression significantly increased the number of BrdU-po-
sitive cells and invasive cells, while SB203580 abolished the promo-
tional effect. (Fig. 5B and C). Furthermore, immunofluorescent assay
showed that TUG1 overexpression significanly increased the level of
vimentin in the nucleus (Fig. 5D), whereas SB203580 abolished the
promotional effect. Taken together, these results suggested that TUG1
works in vitro via miR-26a-5p/MMP-14/p38 MAPK/Hsp27 axis.

Fig. 2. miR-26a-5p was a target of TUG1 in SW620 cells. A. miR-26a-5p was a target of TUG1. B. miR-26a-5p was measured by RT-qPCR in SW620 cells transfected
with sh-TUG1 or/and miR-26a-5p inhibitor (**p < 0.01 vs. control; ##p < 0.01 vs. miR-26a-5p inhibitor group). C. miR-26a-5p was measured by RT-qPCR in
SW620 cells transfected with LV-TUG1 or/and miR-26a-5p mimic (**p < 0.01 vs. control, ##p < 0.01 vs. miR-22–3p mimic group). D. Luciferase activity of TUG1
was measured in SW620 cells transfected with TUG1 (wt or mut) alone or with miR-26a-5p mimic by dual luciferase reporter assay (**p < 0.01 vs. control).

Fig. 3. TUG1 promoted proliferation and invasion of SW620 cells by regulating miR-26a-5p/MMP-14 axis. SW620 cells were transfected with sh-TUG1 or/and miR-
26a inhibitor. A. MMP-14 was a target of miR-26a-5p. B. The level of MMP-14 was measured by western blotting. C. Proliferation capacity was measured by BrdU
staining. D. Invasive ability was evaluated by transwell assay (**p < 0.01 vs. control; ##p < 0.01 vs. miR-26a-5p inhibitor group).
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Fig. 4. TUG1 accelerated the epithelial-mesenchymal transition (EMT) of SW620 cells. SW620 cells were transfected with sh-TUG1 or/and miR-26a inhibitor. A. EMT
marker protein was monitored by western blotting. B. The level of Vimentin in nucleus was monitored by immunofluorescent assay (**p < 0.01 vs. control;
##p < 0.01 vs. miR-26a-5p inhibitor group).

Fig. 5. TUG1 worked in vivo via miR-26a-5p/MMP-14/p38 MAPK/Hsp27 axis. SW620 cells were transfected with LV-TUG1 or/and SB203580. A. The levels of MMP-
14, VEGF, P38, P–P38, HSP27 and P-HSP27 were measured by western blotting. B. Proliferation capacity was measured by BrdU staining. C. Invasive ability was
evaluated by transwell assay. D. The level of Vimentin in nucleus was monitored by immunofluorescent assay (**p < 0.01 vs. control; ##p < 0.01 vs. SB203580
group).
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3.6. Low-expression of TUG1 suppressed tumor growth and motility by miR-
26a-5p/MMP-14/p38 MAPK/Hsp27 axis in vivo

In this study, mice models were constructed to explore the effect
and the potential molecular mechanism of TUG1 on tumors in vivo.
Untreated SW620 cells or SW620 cells transfected with sh-TUG1 were
subcutaneously injected into the flank area of mice. The tumor was
taken out and weighed 30 days later. As shown in Fig. 6A and B, the
weight and volume of tumor in the sh-TUG1 group were significantly
reduced, indicating that tumor growth was significantly inhibited. In
addition, RT-qPCR assay showed that a large amount of miR-26a-5p
were accumulated in sh-TUG1 group, while the expression of TUG1 and
MMP-14 was decreased (Fig. 6C). Western blotting indicated that sh-
TUG1 significantly suppressed the expression of VEGF and the phos-
phorylation of p38 and Hsp27 (Fig. 6D). Furthermore, IHC analysis
showed that the levels of Ki-67, VEGF and Vimentin in the tumor tissues
of the sh-TUG1 group were significantly reduced (Fig. 6E). Collectively,
these findings indicated that low-expression of TUG1 suppressed tumor
growth and motility by miR-26a-5p/MMP-14/p38 MAPK/Hsp27 axis in
vivo.

4. Discussion

Cc is often associated with distant metastasis. Therefore, it is of
great significance to in-depth investigate the pathogenesis for the
treatment and prevention of Cc. This study found that TUG1 and miR-
26a-5p were abnormally expressed in cc, suggesting that TUG1 and
miR-26a-5p may be closely related to the occurrence of Cc.
Abnormally expressed MMP-14 could destroy the inhibitory effect

of SDC2-ECD on angiogenesis [9] and induce metastasis of breast
cancer [17]. TUG1 plays an important role in cancers. Liu et al. and
[30]. found that TUG1 promoted the proliferation and migration in
renal cell carcinoma and laryngeal cancer [14,31]. Besides, TUG1
promoted the progression of Cc by regulating the Wnt/beta-catenin
pathway [23,28]. Consistent with these results, we found that over-
expression of TUG1 significantly promoted the proliferation, invasion
and EMT of SW620 cells. However, sh-TUG1 significantly abolished the

promotional effects in vivo and in vitro. Further mechanism analysis
showed that TUG1 achieved all effects by targeting miR-26a-5p to
regulate MMP-14/p38 MAPK/Hsp27 axis.
miR-26a-5p is regulated by multiple lncRNAs and is involved in

tumorigenesis. Liang et al. found to promote proliferation, metastasis
and EMT of LUAD cells by competitive adsorption of miR-26a-5p [11].
As reported by Yang et al., SNHG5 promoted invasion and migration of
HTR-8/SVneo cells by targeting and negatively regulating miR-26a-5p
[25]. On this basis, this study found that miR-26a-5p is one of the
targets of TUG1, and MMP-14 is the target of miR-26a-5p. Over-
expression of TUG1 significantly reduced the level of miR-26a-5p and
increased the level of MMP-14, thereby promoting the proliferation and
motility of SW620 cells in vitro. In addition, overexpression of miR-26a-
5p significantly inhibited tumor formation and metastasis in Cc mice.
Collectively, this study demonstrated that TUG1 regulatestumorigenesis
and metastasis via miR-26a-5p/MMP-14 axis in vitro and in vivo.There is
increasing evidence that the p38 MAPK/Hsp27 pathway is associated
with various diseases, especially cancers. Zheng et al. reported that
knockdown of SPERT by siRNA inhibited proliferation and induced
apoptosis of colorectal cancer by regulating the p38 MAPK/Hsp27
pathway [32]. Additionally, Henriques et al. suggested that MK2 pro-
moted tumorigenesis of colorectal cancer by activating the p38 MAPK/
Hsp27 pathway [6]. Similarity, the present study showed that LV-TUG1
significantly activated the p38 MAPK/Hsp27 pathway, whereas the p38
MAPK pathway inhibitor reversed the promotional effect of LV-TUG1
on the p38 MAPK/Hsp27 pathway. Taken together, all these results
indicate that TUG1 accelerated tumorigenesis and EMT in Cc by acti-
vating the P38MAPK/Hsp27 pathway in vivo and in vitro.
In conclusion, this study showed that TUG1 was remarkedly over-

expressed in both Cc cells and tumors, while sh-TUG1 repressed the
growth and motility of Cc cells via miR-26a-5p/MMP-14/p38 MAPK/
Hsp27 axis in vivo and in vitro. Therefore, designing targeted drugs for
TUG1 provides a new direction for the treatment of Cc.
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