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Abstract. Colorectal cancer (CRC) is a highly heterogeneous 
disease worldwide. Long non-coding RNA (lncRNA) tumor 
suppressor candidate 7 (TUSC7) plays a crucial role in the 
development of several cancers. However, the role of TUSC7 
in the tumorigenesis of CRC has not been explored. The 
TUSC7-overexpressing CRC cell lines SW480 and CaCo-2 
were generated to investigate the effects of TUSC7 on the 
growth, migration, invasion and epithelial-mesenchymal 
transition (EMT) of CRC cells. CCK-8, wound-healing and 
Transwell assays were used to evaluate CRC cell proliferation, 
migration and invasion. The mRNA and protein expres-
sion of TUSC7 were detected by quantitative real-time PCR 
and immunoblotting, respectively. In the present study, we 
observed that the expression of TUSC7 was decreased in 
CRC cells compared to the expression in the normal colon 
epithelial cell line NCM460. Moreover, overexpression of 
TUSC7 inhibited CRC cell proliferation, metastasis, invasion 
and EMT. These findings indicated that TUSC7 is involved in 
CRC development.

Introduction

Colorectal cancer (CRC) is one of the most aggressive cancers 
in the world and is associated with a high mortality rate (1-3). 
Notably, an increased rate of CRC has been reported in many 
countries (4-6). Despite improvements in diagnostic and treat-
ment techniques, the 5-year relative survival rates are still low 
in CRC patients (7,8). Therefore, a better understanding of the 
molecular mechanisms of CRC initiation and progression may 
promote the development of new treatments for CRC patients.

Recently, several of long non-coding RNAs (lncRNAs) have 
been regarded as important modulators in cancer progression 
and development (9-12). It has been reported that the lncRNA 

promoter of CDKN1A antisense DNA damage-activated 
RNA (PANDAR) is involved in the development and progression 
of many cancers, including CRC (13-15). Moreover, lncRNA 
PANDAR was revealed to inhibit CRC apoptosis and induce 
CRC growth via the epithelial-mesenchymal transition (EMT) 
pathway (16). These results demonstrated that lncRNAs could 
be used as new therapeutic targets for CRC treatment (17,18). 
Hence, to investigate the molecular mechanisms that mediate 
cancer development, increased efforts are required to explain 
the role of lncRNAs in CRC.

Tumor suppressor candidate 7 (TUSC7) is an lncRNA that 
has been revealed to be downregulated in CRC tissues (19). 
Furthermore, TUSC7 inhibited CRC cell proliferation by 
sponging miR-211-3p (19). The expression of TUSC7 in CRC 
cells was revealed to reduce cell growth, whereas the low expres-
sion of TUSC7 indicated poor prognosis of CRC patients (20). 
However, little is known about the expression and the role of 
TUSC7 in CRC cell migration and invasion.

To date only a few studies have analyzed the possible role 
of TUSC7 in CRC (19,20). The aim of the present study was to 
analyze the precise role of TUSC7 in CRC progression.

Materials and methods

Cell culture. The HCT116, COLO205, HT29, SW480 and 
CaCO-2 cells and the normal colon epithelial cell line 
NCM460 were seeded in Dulbecco's modified Eagle's medium 
(DMEM) with 10% fetal bovine serum (FBS), 1% peni-
cillin G‑streptomycin (Gibco; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) at 37˚C in an incubator with 5% CO2.

RNA preparation, reverse transcription, and quantitative 
real‑time PCR. RNA was extracted from cells by TRIzol 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.). RNA was 
reverse-transcribed by a reverse transcription kit (Takara 
Biotechnology Co., Ltd., Dalian, China) according to the 
manufacturer's protocol. Real-time PCR expression was 
assessed by SYBR® PremixEx Taq™ (Takara Biotechnology 
Co., Ltd.). The PCR primers used were as follows (19): TUSC7 
forward, 5'-GGAAACAGAAGGCACCTCA-3' and reverse, 
5'-TCTCAGAGGTCAAACAGGCA-3'; GAPDH forward, 
5'-GTCAACGGATTTGGTCTGTATT-3' and reverse, 5'-AGT 
CTTCTGGGTGGCAGTGAT-3'. Relative quantification of 
TUSC7 was performed by the 2-∆∆Cq method (21). All reactions 
were repeated in triplicate.
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Overexpression of TUSC7. The overexpression vector 
pCDNA-TUSC7 and the empty vector pCDNA-N1 (NC) 
were obtained from Genomeditech Co., Ltd. (Shanghai, 
China). Cells (at ~70% confluence) were transfected with 
Lipofectamine™ 3000 reagent (Life Technologies; Thermo 
Fisher Scientific, Inc.) following the manufacturer's proto-
cols for 24 h. The expression of TUSC7 was determined by 
qRT-PCR.

Cell proliferation assay. Cell proliferation was detected by the 
Cell Counting Kit-8 (CCK-8; Dojindo Molecular Technologies, 
Inc., Kumamoto, Japan) assay following the manufacturer's 
protocol. In brief, the transfected cells (1x105 cells) were 
seeded in 96-well plates, and then CCK-8 solution (10 µl) was 
added for 2 h. The absorbance was measured by an ELISA 
reader (Molecular Devices Sunnyvale, CA, USA) at 450 nm.

Cell cycle analysis. Cells (1x106) were seeded in 6-well plates for 
24 h. Then, cells were loaded with propidium iodide (PI; 100 µl) 
for 30 min at 4˚C in the dark. The cell‑cycle distribution was 
determined by flow cytometry.

Invasion and migration assay. The Transwell chamber was 
obtained from Corning Inc., (Corning, NY, USA) for the 
cell invasion and migration assays. For the cell invasion 
assay, the chamber was precoated with 30 µl of Matrigel 
(BD Biosciences, San Jose, USA) for 1 h. Cells (5x105 cells) 
were maintained in the upper chamber, and the lower chamber 
contained DMEM (500 µl) supplemented with 20% FBS for 
12 h at 37˚C. The invaded cells were stained with calcein‑AM, 
and the invaded cells were counted under a fluorescence micro-
scope (magnification, x100). For the cell migration assay, cells 
(5x105 cells) were seeded into the upper chamber containing 
DMEM (500 ml) supplemented with 20% FBS for 12 h at 
37˚C. The migrated cells were stained with calcein‑AM, and 
the migrated cells were counted under a fluorescence micro-
scope (magnification, x100).

Wound‑healing assay. Cells were cultured in 6-well plates 
to 90‑95% confluence. Wounds were generated with a plastic 
scraper, then cells were washed with phosphate-buffered 
saline (PBS) twice and incubated in a FBS free medium for 
24 h, images were observed by a light microscope.

Western blot analysis. The SW480 and CaCO-2 cells 
were collected and lysed in RIPA buffer (EMD Millipore, 
Temecula, CA, USA). The protein concentration was 
determined using the BCA method (Beyotime Institute of 
Biotechnology, Beijing, China). Proteins (40 µg) were sepa-
rated by using 12% SDS-polyacrylamide gel electrophoresis 
(SDS-PAGE) and were then transferred to 0.22 µm nitrocel-
lulose membranes (EMD Millipore). The membranes were 
blocked with 5% non-fat milk for 1 h at room temperature. 
Then, membranes were incubated with the E-cadherin (dilu-
tion 1:1,000; cat. no. 3195; Cell Signaling Technology Inc., 
Danvers, MA, USA), vimentin (dilution 1:1,000; cat. no. 5741; 
Proteintech Group, Inc., Chicago, IL, USA) overnight at 4˚C. 
Membranes were then incubated with a horseradish peroxi-
dase-linked secondary antibody (mouse anti-rabbit IgG-FITC; 
dilution 1:1,000; cat. no. sc-2359; Santa Cruz Biotechnology, 

Dallas, TX, USA) for 1 h at room temperature. The blots 
were visualized by using enhanced chemiluminescence ECL 
(Pierce Biotechnology; Thermo Fisher Scientific, Inc.).

Statistical analysis. All data were obtained from three inde-
pendent experiments. Data were analyzed using SPSS 17.0 
(SPSS, Inc., Chicago, IL, USA). The statistical significance of 
the differences between groups was determined using t-tests. 
Data are expressed as the means ± standard deviations (SD). 
Differences with P-values <0.05 were considered to indicate a 
statistically significant difference.

Results

The expression of TUSC7 decreases in CRC cells. The 
expression of TUSC7 in HCT116, COLO205, HT29, SW480 
and CaCo-2 cells was lower than that in the NCM460 cells 
(P<0.05; Fig. 1), which indicated that TUSC7 plays a key role 
in CRC progression. Since TUSC7 expression in SW480 and 
CaCO-2 cells was lower than the other cell lines, SW480 and 
CaCO-2 cells were selected in the subsequent experiments.

TUSC7 inhibits SW480 and CaCO‑2 cell proliferation. To 
overexpress TUSC7, a lentiviral vector was used in SW480 
and CaCO-2 cells. As revealed in Fig. 2A, TUSC7 expression 
was increased in SW480 and CaCO-2 cells. The CCK-8 assay 
revealed that overexpression of TUSC7 decreased the prolif-
eration rate of both SW480 (data not shown) and CaCO-2 cells 
(Fig. 2B).

TUSC7 induces SW480 and CaCO‑2 cell cycle arrest. To 
explore whether TUSC7 regulates the cell cycle of CRC cells, 
PI staining and flow cytometric analysis were used. As indi-
cated in Fig. 3, overexpression of TUSC7 notably increased 
G1 phase cell cycle arrest, whereas the S/G2 phase was reduced 
in both SW480 and CaCO-2 cells.

TUSC7 inhibits SW480 and CaCO‑2 cell migration. To 
explain the role of TUSC7 in CRC cell metastasis, Transwell 
and wound-healing assays were employed. Compared with 
the control group, overexpression of TUSC7 significantly 
reduced the migration ability of both SW480 and CaCO-2 
cells (Fig. 4A and B).

Figure 1. Expression of TUSC7 in colorectal cancer cells compared to the 
expression in the NCM460 normal colon epithelial cells. Each experiment 
was repeated three times. Data are presented as the mean ± SD. *P<0.05, 
**P<0.01 compared to NCM460 cells. TUSC7, tumor suppressor candidate 7; 
SD, standard deviation.
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The migration abilities of CRC cells were also assessed 
by a wound-healing assay. The wound-healing assay exhibited 
similar results. Compared with the control group, overexpres-
sion of TUSC7 resulted in significantly decreased migration 
abilities of both SW480 (Fig. 4C and D) and CaCO-2 cells 
(Fig. 4E and F), suggesting that overexpression of TUSC7 
inhibited the migration of CRC cells.

TUSC7 inhibits SW480 and CaCO‑2 cell invasion. The 
invasion ability of CRC cells was evaluated by a Transwell 
invasion assay. Compared with the control group, overexpres-
sion of TUSC7 markedly reduced the invasion ability of CRC 
cells (Fig. 5). These results suggested that TUSC7 plays a key 
role in CRC metastasis.

TUSC7 suppresses EMT in SW480 and CaCO‑2 cells. It is well 
known that EMT plays a key role in CRC cell migration and 
invasion. Therefore, we investigated whether TUSC7 affects 
the EMT of CRC. The results of the qRT-PCR (Fig. 6A and B) 
and western blot analysis (Fig. 6C) revealed that E-cadherin 
expression was increased and vimentin expression was 
suppressed in the cells overexpressing TUSC7 compared to 
the expression levels of the control group. Hence, this finding 
revealed that TUSC7 inhibited the EMT of CRC.

TUSC7 inhibits EMT in SW480 and CaCO‑2 cells via activa‑
tion of ZEB1. To determine whether ZEB1 has a mediatory 
effect on the TUSC7-dependent suppression of EMT, we used 
siRNA to reduce the expression of ZEB1. The data revealed 
that the expression of E-cadherin and vimentin were restored 
by siZEB1, which indicated the initiation of the EMT of CRC 
(Fig. 6D). These results indicated that TUSC7 inhibited the 
EMT of CRC via ZEB1 expression.

Discussion

A significant association between aberrant tumor suppressor 
candidate 7 (TUSC7) expression and cancer development, 
including squamous cell carcinoma (22), glioma (23), gastric 
cancer  (24) and other types of cancer (25,26) has been demon-
strated. In a previous study, TUSC7 increased colorectal 
cancer (CRC) cell proliferation by sponging miR-211-3p (19). 
To the best of our knowledge, there are no previous studies 
that have focused on the role of TUSC7 expression in CRC cell 
migration and invasion.

The expression level of TUSC7 has been associated with 
cancer development and progression (19). Consistent with 
these previous findings, we demonstrated that TUSC7 was 
downregulated in CRC cells compared to its expression in 
NCM460 cells. To explore the role of TUSC7 in CRC cells, we 
used an overexpression assay in both SW480 and CaCo-2 cells. 
As predicted, overexpression of TUSC7 suppressed CRC cells, 
as revealed by the CCK-8 assay. Moreover, overexpression of 
TUSC7 inhibited CRC cells to the S/G2 phase and increased 
the number of CRC cells in the G1 phase. These data have also 
been reported in a study by Xu et al (19). Thus, our findings 
indicated that TUSC7 decreased CRC cell proliferation.

It has been revealed that the migration ability of cancer 
is associated with TUSC7 expression, suggesting that 
TUSC7 works as a key tumor suppressor in many types of 

Figure 2. Overexpression of TUSC7 in CRC cells decreases cell prolifera-
tion. (A) Real-time PCR assay revealed that the mRNA levels of TUSC7 were 
significantly upregulated after transfection with the TUSC7 overexpression 
plasmid. (B) The CCK-8 assay was performed after TUSC7 overexpression 
in CaCO-2 cells. Each experiment was repeated three times. Data are pre-
sented as the mean ± SD. **P<0.01 compared to the control. TUSC7, tumor 
suppressor candidate 7; CRC, colorectal cancer; CCK-8, Cell Counting Kit-8; 
SD, standard deviation.

Figure 3. Overexpression of TUSC7 inhibits the cell cycle progression of 
CRC cells. The percentage of cells in each phase of the cell cycle was detected 
by flow cytometry after transfection with the TUSC7 overexpression plasmid 
and the control plasmid in (A) SW480 and (B) CaCO-2 cells. Each experi-
ment was repeated three times. Data are presented as the mean ± SD. *P<0.05, 
**P<0.01 compared to the control. TUSC7, tumor suppressor candidate 7; 
CRC, colorectal cancer; SD, standard deviation.
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Figure 4. Overexpression of TUSC7 inhibits the migration of CRC cells. (A) Photomicrograph showing migrated cells from the control and TUSC7-overexpressing 
SW480 and CaCO‑2 cells. (B) Quantified data for the Transwell migration assay described in A. (C and E) Photomicrograph of the wound‑healing assay from 
the control and TUSC7‑overexpressing SW480 and CaCO‑2 cells. (D and F) Quantified data for the wound‑healing assay described in C and E. Each experi-
ment was repeated three times. Data are presented as the mean ± SD. **P<0.01 compared to the control. TUSC7, tumor suppressor candidate 7; CRC, colorectal 
cancer; SD, standard deviation.

Figure 5. Overexpression of TUSC7 inhibits the invasion of CRC cells. (A) Photomicrograph showing the invaded cells from the control and TUSC7-overexpressing 
SW480 and CaCO‑2 cells. (B) Quantified data for the Transwell invasion assay described in A. Each experiment was repeated three times. Data are presented 
as the mean ± SD. **P<0.01 compared to the control. TUSC7, tumor suppressor candidate 7; CRC, colorectal cancer; SD, standard deviation.
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cancer (25,27,28). In the present study, we found that overex-
pression of TUSC7 significantly reduced CRC cell migration. 

These data revealed that TUSC7 was involved in the migration 
ability of CRC cells.

Figure 6. Overexpression of TUSC7 inhibits the EMT of CRC cells. (A and B) Real-time PCR assays revealed the mRNA levels of EMT after transfection 
with the TUSC7-overexpressing plasmid and the control plasmid. (C) An immunoblotting assay was performed in the control and TUSC7-overexpressing 
SW480 and CaCO-2 cells. (D) An immunoblotting assay was performed in TUSC7-overexpressing and siZEB1 SW480 and CaCO-2 cells. Each experiment 
was repeated three times. Data are presented as the mean ± SD. *P<0.05 compared to the control. **P<0.01 compared to the control. TUSC7, tumor suppressor 
candidate 7; EMT, epithelial-mesenchymal transition; CRC, colorectal cancer; SD, standard deviation.
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EMT is a key process that stimulates the mesenchymal 
state and induces the migration and invasion of cancer 
cells (29,30). Recent findings have revealed that lncRNAs are 
involved in the EMT (31-33). Some long non-coding RNAs 
(lncRNAs) promote EMT whereas some lncRNAs suppress 
EMT. lncRNA CPS1-IT1 was revealed to inhibit EMT and 
the migration of CRC by inactivating HIF-1α in vivo and 
in vitro (34,35). lncRNA AB073614 stimulated the EMT of 
CRC cells via the JAK/STAT3 signaling pathway (36). In this 
study, we detected EMT biomarkers of CRC cells by qRT-PCR 
and western blot analysis. Notably, the data revealed that the 
expression level of TUSC7 was positively associated with 
the expression of E-cadherin and negatively associated with 
the expression of vimentin in CRC cells. It was revealed that 
TUSC7 suppressed the EMT in CRC cells. ZEB1 is a key regu-
lator in the invasion and metastasis of cancer cells by inducing 
the EMT of CRC. Aberrant levels of ZEB1 have been found 
in different types of tumors, including hepatocellular carci-
noma (37), breast cancer (38) and CRC (39). The association 
of ZEB1 with CRC development has been widely investigated, 
and this study suggested that knockdown of ZEB1 suppressed 
the inhibition of the EMT of CRC associated with TUSC7.

TUSC7 inhibited CRC cell proliferation, migration, inva-
sion and EMT, indicating that TUSC7 could be a potential 
tumor suppressor in CRC. Although our results provide 
important insights into these processes, the roles of TUSC7 
in in vivo studies are required to further confirm these data.
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