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Abstract. Tensin 4 (TNS4) is overexpressed in multiple cancers, 
including colorectal cancer (CRC), and is associated with a 
poor prognosis of patients with CRC. However, the role and 
underlying mechanisms of TNS4 in CRC have yet to be eluci‑
dated. The expression of TNS4 in CRC tissues were analyzed 
by immunohistochemistry. Cell migration and invasion were 
assessed in vitro using Transwell assay. Western blot and reverse 
transcription (RT)‑quantitative (q)PCR were used to investigate 
the molecular mechanisms by which TNS4 regulates aerobic 
glycolysis, migration and invasion of CRC cells. The present 
study demonstrated that TNS4 was highly expressed in the 
cancer tissues of patients with CRC and significantly associ‑
ated with the tumor‑node‑metastasis stages. TNS4 silencing led 
to a significant decrease in glucose consumption and lactate 
production in CRC cells, and knockdown of TNS4 suppressed 
the migration and invasion of CRC cells via aerobic glycolysis 
through the β‑catenin/c‑Myc pathway. Notably, treatment with 
DASA‑58, an activator of glycolysis, or SKL2001, an activator 
of β‑catenin/c‑Myc signaling, significantly reversed the effect 
of TNS4 knockdown on aerobic glycolysis, migration and inva‑
sion of CRC cells. Collectively, these results suggest that TNS4 
may act as a novel regulator of aerobic glycolysis, migration 
and invasion of CRC cells by modulating β‑catenin/c‑Myc 
signaling, providing a new potential biomarker and therapeutic 
target in CRC.

Introduction

As colorectal cancer (CRC) is one of the most commonly diag‑
nosed malignancies and the leading cause of cancer‑related 

mortality worldwide with >1.85 million cases and 850 000 
deaths annually, it has become a major public health concern. 
In recent years, the 5‑year survival rate of patients with CRC 
has markedly improved with the development of treatment 
strategies, such as surgery, radiotherapy, chemotherapy and 
immunotherapy (1,2); however, the effects of the current treat‑
ment methods are limited for patients with advanced‑stage or 
metastatic CRC (3). Hence, the identification of novel targets 
and the further elucidation of the mechanisms underlying the 
progression of CRC is of utmost urgency.

Tensin 4 (TNS4), also known as COOH‑terminal 
tensin‑like, belongs to the tensin focal adhesion family (4). 
A number of studies have reported that TNS4 is overex‑
pressed in several types of cancer, including breast cancer, 
pancreatic cancer, lung cancer and CRC (5‑8). Furthermore, 
TNS4 has been reported to be associated with several 
biological processes, such as epithelial‑mesenchymal transi‑
tion (EMT) (9‑11), cell motility (6,12), cell migration (13), 
metastasis (8) and drug resistance (14,15). For example, 
TNS4 overexpression promotes EMT, cell motility and the 
colony formation of CRC cells through Src signaling (9). 
Liao et al (16) noted that TNS4 interacted with β‑catenin 
in colon cancer cells, which enhanced the colony formation, 
anchorage‑independent proliferation and invasiveness of 
colon cancer cells.

Aerobic glycolysis, also known as the Warburg effect, is a 
distinctive hallmark of cancer, which confers a proliferation 
advantage on cancer cells by providing them with energy and 
biosynthesis building blocks (17). Accumulating evidence has 
indicated that targeting or modulating aerobic glycolysis may 
serve as an antitumor therapeutic strategy (18). For example, 
a previous study reported that the long non‑coding (lnc)RNA 
AGPG promoted tumor cell glycolysis and the proliferation 
of esophageal squamous cell carcinoma cells by stabilizing 
PFKFB3 (19). Furthermore, Yu et al (20) reported that OTU 
deubiquitinase, ubiquitin aldehyde binding 2 suppressed CRC 
cell proliferation and migration and promoted apoptosis and 
sensitivity to chemotherapeutic drugs by regulating pyruvate 
kinase M (PKM)2 ubiquitination and glycolysis. However, 
the role of TNS4 in the glycolysis and progression of CRC 
remains unclear.

The present study aimed to explore the roles of TNS4 in 
regulating aerobic glycolysis, migration and invasion of CRC 
cells and investigate the underlying molecular mechanisms.
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Materials and methods

Analysis of TNS4 expression in patients with CRC. The expres‑
sion of TNS4 in patients with colon adenocarcinoma or rectum 
adenocarcinoma was obtained from the University of Alabama 
at Birmingham Cancer data analysis Portal (UALCAN; 
http://ualcan.path.uab.edu/) and Gene Expression Profiling 
Interactive Analysis (GEPIA; http://gepia.cancer‑pku.cn/) 
databases with data from The Cancer Genome Atlas (TCGA).

Immunohistochemistry. A total of 92 pairs of paraffin blocks 
of CRC tissues and corresponding normal adjacent tissues 
were obtained from the First Affiliated Hospital of Soochow 
University (Suzhou, China). The detailed clinicopathological 
information of the patients is provided in Table SI. Ethics 
approval was obtained from the Institutional Review Board 
of the First Affiliated Hospital of Soochow University and 
written informed consent was obtained from the patients prior 
to sample collection. Immunohistochemistry was performed 
as previously described (21). Briefly, tissues were fixed with 
4% paraformaldehyde (Beyotime Institute of Biotechnology) 
at 25˚C for 24 h. The specimens were embedded in paraffin. 
5‑µm‑thick sections from paraffin‑embedded blocks were 
deparaffinized and rehydrated. After antigen retrieval with 
10 mM sodium citrate buffer (pH 6.0, Beyotime Institute of 
Biotechnology), the sections were incubated with 3% hydrogen 
peroxide at room temperature for 10 min to block endogenous 
peroxidase activity and non‑specific protein interactions. The 
sections were subsequently incubated with rabbit anti‑human 
TNS4 antibodies (1:200; cat. no. 11580‑1‑AP; Proteintech 
Group, Inc.) overnight at 4˚C and then with biotinylated 
goat anti‑rabbit secondary antibody working solution (1:500; 
cat. no. SA1020; Boster Biological Technology Co. Ltd.) at 
37˚C for 30 min. Subsequently, the immunodetection was 
performed using the Dako EnVision detection system (Agilent 
Technologies, Inc.). These slides were photographed under a 
fluorescence microscope (Leica, Buffalo Grove, USA). The 
semi‑quantitative immunoreactive score system was adopted 
to obtain the score of TNS4 immunostaining, as previously 
described (22).

Cells and cell culture. In total, two CRC cell lines (HCT116 
and RKO) were purchased from the American Type Culture 
Collection. Both the HCT116 and RKO cells were cultured 
in DMEM (Biological Industries; Sartorius AG) containing 
10% fetal bovine serum (FBS, Biological Industries; Sartorius 
AG), 100 U/ml penicillin and 100 mg/ml streptomycin at 37˚C 
in a humidified atmosphere of 5% CO2. The CRC cells were 
treated with glycolysis activator DASA‑58 (5 µM, Selleck) and 
β‑catenin activator SKL2001 (10 µM, Selleck) at 37˚C for 48 h.

Cell transfection and infection. In total, three commer‑
cial TNS4 small interfering (si)RNAs (TNS4 siRNA‑1, 
TNS4 siRNA‑2 and TNS4 siRNA‑3) were purchased from 
Guangzhou RiboBio Co., Ltd. The three pairs of synthesized 
siRNA sequences were as follows: siRNA‑1 forward, 5'‑CAA 
UCA UAG AAG AAG ACC ATT‑3' and reverse, 5'‑UGG UCU 
UCU UCU AUG AUU GTT‑3'; siRNA‑2 forward, 5'‑GGG CCA 
UCU CUC UGU GAU UTT‑3' and reverse, 5'‑AAU CAC AGA 
GAG AUG GCC CTT‑3'; siRNA‑3 forward, 5'‑GCA AUG ACC 

UCA UCC GAC ATT‑3' and reverse, 5'‑UGU CGG AUG AGG 
UCA UUG CTT‑3'; and siRNA negative control forward, 
5'‑UUC UCC GAA CGU GUC ACG UTT‑3' and reverse, 5'‑ACG 
UGA CAC GUU CGG AGA ATT‑3'. For cell transfection, the 
HCT116 or RKO cells were transfected using Lipofectamine 
2000® (Invitrogen™; Thermo Fisher Scientific, Inc.) according 
to the manufacturer's instructions with TNS4 siRNA‑1, TNS4 
siRNA‑2 or TNS4 siRNA‑3 (100 pmol) at 37˚C for 48 h. 
Scrambled siRNA negative control (100 pmol) was used. 
After 48 h post‑transfection, the cells were harvested for RNA 
extraction and reverse transcription (RT)‑quantitative (q)PCR 
and Western blot. Besides, after 6 h of transfection, the cells 
were used for Transwell analysis, glucose consumption and 
lactate production assay.

TNS4 siRNA‑3 had the highest inhibition efficiency of 
TNS4 in HCT116 and RKO cells. Lentivirus pGLVU6/Puro 
vectors carrying TNS4 shRNA containing the sequence 
of TNS4 siRNA‑3 or siRNA negative control sequence 
were manufactured using the 2nd generation system by 
GenePharma Co., Ltd. The lentiviral TNS4 shRNA plasmid 
(8 µg) was co‑transfected with psPAX2 (2 µg, cat. no. 12260; 
Addgene, Inc.) and pMD2.G (6 µg, cat. no. 12259; Addgene, 
Inc.) in HEK293T cells (American Type Culture Collection) in 
10 cm‑culture dish at 37˚ for 10 h. After replacing the transfec‑
tion medium using the culture medium, lentiviral particles in 
the culture medium was collected every day for 3 days. For 
cell transduction, the HCT116 and RKO cells in the loga‑
rithmic growth period were infected with lentiviral particles 
(multiplicity of infection=20) at 37˚C for 12 h. The transfec‑
tion efficiency was observed under a fluorescence microscope 
at 24 h after transfection After 72 h infection, puromycin 
(1 µg/ml, Beyotime Institute of Biotechnology) was added to 
screen for stable TNS4 knockdown and negative control cell 
lines. The screening period is about 8 to 12 days. The stable 
cells were cultured in complete medium with 0.5 µg/ml puro‑
mycin at 37˚C.

RNA extraction and reverse transcription (RT)‑quantitative 
(q)PCR. Total RNA extraction from HCT116 and RKO 
cells was performed using the Cell Total RNA Kit (cat. 
no. ES‑RN001, Shanghai Yishan Biotechnology Co., Ltd.). 
Subsequently, 1.0 µg total RNA was used for cDNA synthesis 
using the RTIII AII‑in‑One Mix (cat. no. MR05101, Monad 
Biotech Co., Ltd.) with the following conditions: 37˚C for 
2 min, 55˚C for 15 min, and 85˚C for 5 min. RT‑qPCR was 
performed using the CFX96 Touch Real‑Time PCR Detection 
System (Bio‑Rad Laboratories, Inc.) using the ChemoHS 
qPCR Mix (cat. no. MQ00401, Monad Biotech Co., Ltd.) with 
SYBR Green. The cycling conditions were as follows: one 
cycle at 95˚C for 5 min, 40 cycles of amplification at 95˚C for 
10 sec, and 60˚C for 30 sec. RT‑qPCR was performed three 
times for each sample. β‑actin was used for the normalization 
of gene expression. All primers used for RT‑qPCR are listed 
in Table SII.

Western blot analysis. The HCT116 and RKO cells were 
lysed using RIPA buffer containing protease inhibitors and 
phosphatase inhibitors (cat. no. P0013D; Beyotime Institute of 
Biotechnology). The Enhanced BCA Protein Assay kit (cat. 
no. P0010; Beyotime Institute of Biotechnology) was used for 
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protein determination. Subsequently, 10% SDS‑PAGE; (cat. 
no. P0012AC; Beyotime Institute of Biotechnology) was used to 
separate the total protein (30 µg), which then was transferred onto 
PVDF membranes (Cytiva). After blocking with 5% BSA (cat. 
no. FMS‑WB021; Nanjing Fcmacs Biotechnology Co., Ltd.) for 
1.5 h at room temperature, the membranes were incubated with 
rabbit anti‑human TNS4 (1:1,000; cat. no. 11580‑1‑AP; Proteintech 
Group, Inc.) or mouse anti‑human/mouse GAPDH (1:1,000; cat. 
no. 60004‑1‑Ig; Proteintech Group, Inc.) antibodies at 4˚C over‑
night. The membranes were then incubated with the corresponding 
HRP‑conjugated goat anti‑rabbit (1:1,000; cat. no. A0208; Beyotime 
Institute of Biotechnology) or anti‑mouse secondary antibodies 
(1:1,000; cat. no. A0216; Beyotime Institute of Biotechnology) for 
1 h at room temperature. Finally, the protein bands were visual‑
ized using an ECL reagent (cat. no. 10100; NCM Biotech) in a 
ChemiDoc™ MP Imaging System (Bio‑Rad Laboratories, Inc.). 
Additionally, ImageJ 2.0 software (National Institutes of Health) 
was used to analyze the density of the protein bands.

Cell migration and invasion assay. To assess CRC cell migra‑
tion and invasion, a Transwell chamber was purchased from BD 
Biosciences (cat. no. 353097) and Matrigel from Corning, Inc. (cat. 
no. 356234). For the cell migration assay, 3x104 HCT116 or RKO 
cells in serum‑free medium (400 µl) were seeded into the upper 
chamber (8‑µm pore size). Complete medium containing with 
10% FBS was added to the lower chamber. For the invasion assay, 
Matrigel (200 µg/ml) was used to coat the upper chamber at room 
temperature for 2 h. For migration or invasion, after cultured in 
the upper chamber for 24 h or 48 h, the cells on the lower surface 
of the upper chamber were fixed with 4% paraformaldehyde 
(Beyotime Institute of Biotechnology) at room temperature for 
30 min and stained with crystal violet (Beyotime Institute of 
Biotechnology) at room temperature for 15 min. Images were 
captured using a Nikon Eclipse/NI‑U fluorescence microscope 
and the number of migrated/invaded cells was counted.

Glucose consumption and lactate production assay. A Glucose 
Assay kit (cat. no. 361510; Shanghai Robio Biotechnology 
Co., Ltd.) and a Lactate Assay kit (cat. no. A019‑2‑1; Nanjing 
Jiancheng Taihao Biotechnology Co., Ltd.) were used for 
the detection of glucose consumption and lactate production 
according to the manufacturer's protocols, respectively.

Statistical analysis. Data are presented as the mean ± standard 
deviation. GraphPad Prism 6.0 software (Dotmatics) was used 
for statistical analyses. The paired or unpaired Student's t‑test, 
or one‑way ANOVA and Tukey's test's, were used to analyze 
the data. P<0.05 was considered to indicate a statistically 
significant difference.

Results

TNS4 is highly expressed in clinical CRC tissue and is asso‑
ciated with the TNM stage of patients with CRC. To assess 
the role of TNS4 in CRC, its expression was evaluated in the 
tissues of patients with CRC. The mRNA levels of TNS4 were 
significantly upregulated in both colon and rectal cancer tissues 
compared with normal tissues, according to data from the 
UALCAN and GEPIA databases (Fig. 1A and B). Furthermore, 
a CRC tumor cohort was used to assess the protein expression 

of TNS4. Compared with the normal control, the tumor 
tissues exhibited a significantly higher protein expression of 
TNS4 (Fig. 1C). Moreover, TNS4 expression in patients with 
late‑stage (III‑IV) disease was significantly higher than that 
in patients with early‑stage (I‑II) disease (Fig. 1D). These data 
suggest that TNS4 may function as an oncogene in CRC.

TNS4 is positively correlated with glycolysis‑related genes in 
patients with CRC. The GEPIA database was used to further 
evaluate the association between TNS4 and glycolysis in CRC. 
It was demonstrated that there were significant positive corre‑
lations between TNS4 expression and glycolysis‑related genes, 
such as hexokinase 2 (HK2), lactate dehydrogenase (LDH)
B, LDHM, pyruvate kinase M1/2 (PKM) and solute carrier 
(SLC)2A1, in the cancer tissues of patients with CRC (Fig. 2). 
These data indicate that TNS4 may function as a key regulator 
of glycolysis in CRC.

TNS4 knockdown inhibits glucose consumption and lactate 
production in CRC cells. To assess the potential role of TNS4 
in glycolysis in CRC cells, TNS4 was knocked down in the 
HCT116 and RKO cell lines by transfecting them with three 
non‑overlapping TNS4 siRNAs (TNS4 siRNA‑1, TNS4 
siRNA‑2 and TNS4 siRNA‑3). Compared with NC, transfec‑
tion with TNS4 siRNA‑1, TNS4 siRNA‑2 and TNS4 siRNA‑3 
markedly decreased the protein expression of TNS4 in the 
HCT116 and RKO cells (Fig. 3A). Moreover, TNS4 knock‑
down significantly decreased glucose consumption and lactate 
production in the HCT116 and RKO cells compared with NC 
(Fig. 3B and C). Compared with NC, TNS4 silencing also led 
to a significant decrease in the mRNA expression of multiple 
glycolysis‑related genes, including glucose transporter 1, HK2, 
LDHA and pyruvate dehydrogenase kinase 1 in the CRC cells 
(Fig. 3D).

TNS4 silencing attenuates the migration and invasion of CRC 
cells. The present study assessed whether TNS4 knockdown 
regulated the migration and invasion of CRC cells. Compared 
with the control group, the migration and invasion of the 
HCT116 and RKO cells was significantly decreased in the 
TNS4 knockdown groups (Fig. 4A and B). Furthermore, trans‑
fection with TNS4 siRNA‑2 and TNS4 siRNA‑3 significantly 
downregulated the mRNA expression of matrix metallopep‑
tidase (MMP)‑2 and MMP‑9 in the HCT116 and RKO cells 
(Fig. 4C). These data suggest that TNS4 may serve a critical 
role in the migration and invasion of CRC cells.

TNS4 silencing inhibits CRC cell migration and invasion via 
glycolysis. Previous studies have demonstrated that the activa‑
tion of glycolysis serves a key role in the migration and invasion 
of cancer cells (23,24). As TNS4 knockdown significantly 
suppressed the glycolysis, migration and invasion of CRC 
cells in the present study, the ability of TNS4 to modulate CRC 
cell migration and invasion via glycolysis was subsequently 
evaluated. The results demonstrated that compared with NC, 
the glucose consumption and lactate production were signifi‑
cantly reduced in HCT116 and RKO cells following TNS4 
knockdown, then with the addition of DASA‑58, an activator 
of glycolysis (25), they significantly increased (Fig. 5A‑D). 
Notably, treatment with DASA‑58 significantly reversed the 
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Figure 2. TNS4 is positively correlated with glycolysis‑related genes in patients with CRC. The relationship between TNS4 and HK2, LDHB, LDHM, 
PKM or SLC2A1 in CRC tissue samples from The Cancer Genome Atlas data in the Gene Expression Profiling Interactive Analysis database. TNS4, 
Tensin 4; CRC, colorectal cancer; HK2, hexokinase 2; LDH, lactate dehydrogenase; PKM, pyruvate kinase M1/2; SLC, solute carrier; TPM, transcripts 
per million.

Figure 1. TNS4 is overexpressed in CRC tissue specimens and is associated with tumor‑node‑metastasis stage. Relative TNS4 mRNA expression in COAD 
and READ tissue samples from TCGA data based in the (A) University of Alabama at Birmingham Cancer data analysis Portal and (B) Gene Expression 
Profiling Interactive Analysis databases. T, tumor; N, normal. P<1x10‑12; P=1.11x10‑16. (C) Representative images of IHC of TNS4 in CRC and matched 
normal tissues from 92 patients with CRC. NAT, nonmalignant adjacent tissues. Scale bar, 100 µm. (D) TNS4 protein expression based on the staining index 
of CRC specimens at different clinical stages. *P<0.05; ***P<0.001. TNS4, Tensin 4; CRC, colorectal cancer; COAD, colon adenocarcinoma; READ, rectum 
adenocarcinoma; TCGA, The Cancer Genome Atlas; IHC, immunohistochemistry.
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Figure 3. TNS4 depletion inhibits glycolysis in colorectal cancer cells. In both HCT116 and RKO cells transfected with NC, TNS4 siRNA‑1, TNS4 siRNA‑2 
or TNS4 siRNA‑3: (A) TNS4 protein levels assessed using western blotting, with GAPDH served as a loading control; (B) glucose consumption and (C) lactate 
production; and (D) the expression of glycolysis‑related genes detected using reverse transcription‑quantitative PCR. *P<0.05; **P<0.01; ***P<0.001. TNS4, 
Tensin 4; NC, negative control; siRNA, small interfering RNA; GLUT1, glucose transporter 1; HK2, hexokinase 2; LDH, lactate dehydrogenase; PDK1, 
pyruvate dehydrogenase kinase 1.

https://www.spandidos-publications.com/10.3892/ol.2024.14489
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effects of TNS4 silencing on the migration and invasion of 
HCT116 and RKO cells (Fig. 5E‑G).

TNS4 knockdown inhibits glycolysis and metastasis of 
CRC cells via the β‑catenin/c‑Myc pathway. To evaluate 
the mechanism of action of TNS4 in the glycolysis and 
metastasis of CRC cells, a review of the literature was 
performed. β‑catenin/c‑Myc signaling has been reported 
to be involved in regulating both glycolysis and metastasis 
in cancers (16,26‑30). In addition, TNS4 overexpression 
has been reported to activate β‑catenin signaling in colon 
cancer (16). Therefore, it we hypothesized that TNS4 
knockdown suppressed glycolysis, migration and invasion 
of CRC cells via the β‑catenin/c‑Myc pathway. The results 
of western blot analysis revealed that compared with NC, 
the knockdown of TNS4 markedly reduced the expres‑
sion of β‑catenin and c‑Myc in the HCT116 and RKO 
cells (Fig. 6A). Furthermore, the addition of SKL2001, an 

activator of β‑catenin signaling (31), notably reversed the 
inhibitory effects of TNS4 knockdown on β‑catenin and 
c‑Myc expression in the HCT116 and RKO cells (Fig. 6A). 
In addition, it was demonstrated that compared with NC, the 
glucose consumption and lactate production were signifi‑
cantly reduced in HCT116 and RKO cells following TNS4 
knockdown, then with the addition of SKL2001, they signifi‑
cantly increased (Fig. 6B‑E). Additionally, treatment with 
SKL2001 significantly increased the migration and invasion 
of the HCT116 and RKO cells following transfection with 
TNS4 siRNA‑2 (Fig. 6F). These results suggest that TNS4 
may promote the glycolysis and metastasis of CRC cells via 
the β‑catenin/c‑Myc pathway.

Discussion

There is increasing evidence to indicate that TNS4 is highly 
expressed in multiple cancer tissues (4). Albasri et al (8) 

Figure 4. TNS4 depletion suppressed migration and invasion in colorectal cancer cells. (A) Migration and (B) invasion assessed using Transwell assays (magni‑
fication 200x), and (C) the expression of MMP‑2 and MMP‑9 evaluated using reverse‑transcription‑quantitative PCR in HCT116 or RKO cells transfected with 
NC, TNS4 siRNA‑2 or TNS4 siRNA‑3. *P<0.05; **P<0.01; ***P<0.001. TNS4, Tensin 4; NC, negative control; siRNA, small interfering RNA; MMP, matrix 
metallopeptidase.
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analyzed the expression of TNS4 in a series of 462 patients 
with CRC using immunohistochemistry and reported that 
the expression of TNS4 was markedly increased, and was 
associated with an advanced Dukes' stage, poor prognosis and 
distant metastasis. In the present study, it was demonstrated 
that TNS4 mRNA levels were significantly upregulated 
in CRC tissues according to data from the UALCAN and 
GEPIA databases. Furthermore, TNS4 protein expression 
was significantly increased in the tissue samples of patients 
with CRC and was positively associated with the TNM stage. 
These results suggest that TNS4 functions as an oncogene and 
serves critical roles in the progression of CRC. In addition, 
TNS4 is an important protein involved in maintaining normal 
cellular functions, particularly those related to cell adhesion, 
migration and signaling (4,32). However, as the current study 
focused on the biological functions of TSN4 in CRC, the role 
of TNS4 in normal cells by knocking down its expression was 
not assessed. It is important to explore the roles of TNS4 in 
maintaining the normal structure and function of the kidney 
and heart, as well as wound regeneration (32).

Previous studies have demonstrated that TNS4 serves a 
crucial role in the progression of cancer by regulating several 

biological functions, such as EMT, cell motility, apoptosis and 
tumorigenicity (4,9). Based on data from TCGA, the present 
study revealed that the expression of TNS4 was significantly 
associated with glycolysis‑related genes (namely, HK2, LDHB, 
LDHM, PKM and SLC2A1) in the CRC tissue samples, 
suggesting that TNS4 may be involved in the regulation of 
aerobic glycolysis in CRC. Aerobic glycolysis, as a key hall‑
mark of cancer, has been demonstrated to be associated with 
tumor growth, metastasis and drug resistance in CRC (33,34). 
Shi et al (21) reported that B7 homolog 3, an immunoregula‑
tory protein, enhanced the chemoresistance of CRC cells by 
promoting HK2‑mediated aerobic glycolysis. Zhao et al (35) 
reported that lncRNA MIR17HG overexpression resulted in 
persistent glycolysis and the invasion and liver metastasis of 
CRC cells. To the best of our knowledge, the present study 
is the first to demonstrate that TNS4 knockdown significantly 
inhibits glucose consumption, lactate production and the 
mRNA expression of multiple glycolysis‑related genes in CRC 
cells. These results suggest that TNS4 is a key regulator of 
aerobic glycolysis in CRC.

A number of studies have indicated that TNS4 is associated 
with the metastasis of cancer cells (8,11,36,37). A previous 

Figure 5. TNS4 promotes migration and invasion in colorectal cancer cells via glycolysis. Glucose consumption assessed in (A) HCT116 and (B) RKO cells 
co‑treated with TNS4 siRNA‑2 and DASA‑58. Lactate production evaluated in (C) HCT116 and (D) RKO cells co‑treated with TNS4 siRNA‑2 and DASA‑58. 
(E) Migration and invasion of HCT116 and RKO cells co‑treated with TNS4 siRNA‑2 and DASA‑58 assessed using Transwell assays (magnification 200x). 
(F) The number of migration cells in (E). (G) The number of invasion cells in (E). *P<0.05; **P<0.01; ***P<0.001. TNS4, Tensin 4; siRNA, small interfering 
RNA; NC, negative control.
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study reported that, in non‑small cell lung cancer, TNS4 
overexpression induced the EMT process and elevated the 

migratory capacity of the cells (12). Asiri et al (36) noted that 
TNS4, as a direct mediator of TGF‑β1 signaling, participated 

Figure 6. TNS4 promotes glycolysis, migration and invasion in CRC cells through the β‑catenin/c‑Myc pathway. (A) β‑catenin and c‑Myc protein levels 
assessed using western blotting in both HCT116 and RKO cells co‑treated with TNS4 siRNA‑2 and SKL2001, with GAPDH as the loading control. Glucose 
consumption assessed in (B) HCT116 and (C) RKO cells, and lactate production evaluated in (D) HCT116 or (E) RKO cells co‑treated with TNS4 siRNA‑2 and 
SKL2001. (F) Migration and invasion of HCT116 and RKO cells co‑treated with TNS4 siRNA‑2 and SKL2001 assessed using Transwell assays (magnification 
x200). *P<0.05; **P<0.01; ***P<0.001. TNS4, Tensin 4; siRNA, small interfering RNA; NC, negative control.
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in TGF‑β1‑induced EMT and cell motility in CRC. Moreover, 
the TNS4‑integrin‑linked kinase interaction also modulated 
cell motility in CRC (8). In the present study, it was demon‑
strated that TNS4 knockdown significantly decreased the 
migration and invasion of CRC cells. These results suggest 
that TNS4 exerts promoting effects on the metastasis of CRC 
cells. Furthermore, aerobic glycolysis is a crucial influencing 
factor for cancer metastasis (38,39), and in the present study, 
it was demonstrated that treatment with DASA‑58, an acti‑
vator of glycolysis, significantly reversed the effects of TNS4 
silencing on the migration and invasion of CRC cells. These 
results suggest that the TNS4‑induced promotion of the migra‑
tion and invasion of CRC cells is glycolysis‑dependent.

The activation of the β‑catenin/c‑Myc pathway has been 
reported to be associated with cancer (29,30). For example, 
CD36 has been reported to inhibit the glycolysis and tumorigen‑
esis of CRC through the glypican 4‑β‑catenin‑c‑Myc signaling 
axis (40). Liang et al (41) indicated that butyrate controlled 
gastric cancer cell proliferation, migration, invasion and 
aerobic glycolysis by downregulating Wnt/β‑catenin/c‑MYC 
signaling. In human hepatocellular carcinoma, Gankyrin has 
been reported to upregulate glycolysis and glutaminolysis 
to promote tumorigenesis, metastasis and drug resistance 
via upregulating c‑Myc through the activation of β‑catenin 
signaling (26). In the present study, it was revealed that 
TNS4 knockdown significantly reduced the protein expres‑
sion of β‑catenin and c‑Myc in CRC cells. Consistent with 
these findings, it has been reported that TNS4 can activate 
the β‑catenin pathway to regulate tumorigenicity and tumor 
angiogenesis (5,16,42). Moreover, SKL2001, an activator of 
β‑catenin signaling, significantly reversed the effects of TNS4 
knockdown on glucose consumption, lactate production, and 
the migration and invasion of CRC cells. Taken together, these 
results suggest that TNS4 promotes the glycolysis and metas‑
tasis of CRC cells through the β‑catenin/c‑Myc pathway.

In conclusion, the results of the present study demonstrated 
that TNS4 was highly expressed in CRC tissues, and that its 
high expression was positively associated with the TNM 
stages of patients with CRC. Moreover, the silencing of TNS4 
inhibited the glycolysis, migration and invasion of CRC cells 
via the β‑catenin/c‑Myc pathway. This suggests that TNS4 
may be an efficient target for CRC diagnosis and therapy.
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