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Abstract. Long non‑coding RNAs (lncRNAs) are recog-
nized as critical regulators of self‑renewal in human cancer 
stem‑like cells (CSCs), which are a subpopulation of cancer 
cells primarily responsible for the malignant features 
of cancer. However, most CSC‑related lncRNAs remain 
unidentified. The results of the present study suggested that 
growth‑arrest‑specific transcript 5 (GAS5), a tumor suppressor, 
exhibited increased expression and was associated with malig-
nant features in human colorectal cancer cell HCT116‑derived 
CSCs. Phenotypic analysis indicated that GAS5 knockdown 
by specific siRNA significantly decreased CSC self‑renewal 
capacity, proliferation and migration. Moreover, GAS5 
knockdown sensitized CSCs to the chemotherapeutic agents 
5‑fluorouracil and doxorubicin by inducing apoptosis detected 
by Annexin V‑FITC/PI double staining. Inhibition of Nodal 
growth differentiation factor (NODAL) signaling, which has 
been reported to be protected by GAS5, presented similar 
chemosensitivity effects to the GAS5 knockdown results. The 
present study also assessed the effects of GAS5 overexpression 
on HCT116 cells, and revealed that overexpression of GAS5 
sensitized HCT116 cells to chemotherapeutic agents, which 
is the opposite of the effect observed in CSCs derived from 
HCT116 cells. Therefore, it was hypothesized that GAS5 may 
function as a critical factor for maintaining stemness and that it 
may exert protective effects on CSCs in a NODAL‑dependent 
manner. Collectively, the results of the present study indicate 
that GAS5 may be a promising therapeutic target for over-
coming malignant features and chemoresistance in colorectal 
cancer cells.

Introduction

Colorectal cancer is the 3rd most common and fatal type 
of cancer worldwide (1); ~1.4 million cases are diagnosed 
annually, and mortality occurs in half these cases each 
year, globally  (2). Chemotherapeutic treatment is consid-
ered the primary strategy for colorectal cancer; however, 
chemoresistance frequently develops in response to first‑line 
chemotherapeutic agents, including 5‑fluorouracil (5‑FU) and 
doxorubicin (DOX), which is a major barrier for achieving 
effective therapy (3). Despite numerous studies examining 
the potential mechanism underlying the induction of chemo-
resistance, including investigations into activated NF‑κB (4), 
induction of the transcription factor activator protein 1 (5) and 
activation of multiple drug resistance protein 1 signaling (6), 
the mechanisms remain largely unknown.

In different cancer types, including colon cancer, a subpopu-
lation of cancer stem‑like cells (CSCs) has been identified (7,8). 
This subpopulation is characterized by cells presenting with 
stem‑like properties, including self‑renewal and differen-
tiation, resulting in the production of tumor cells that have 
a long‑term ability for tumor renewal (9,10). It has also been 
revealed that CSCs may contribute to malignant features, such 
as tumorigenesis, progression, maintenance and recurrence in 
several types of cancer (11‑13). Seymour et al (14) reported that 
in glioblastoma, the existence of glioma stem‑like cells led to 
recurrence and metastasis via upregulation of the pluripotency 
gene, Sox2. Moreover, CSCs have been successfully enriched 
from several cancer cell lines using novel medium (15,16) 
and being identified to increase resistance of cells to several 
anticancer drugs (17). In pancreatic cancer‑derived CSCs, it 
has been revealed that enriched cells presented with increased 
chemoresistance via regulation of epithelial‑mesenchymal 
transition (EMT) and increased surveillance (18).

Growth‑arrest‑specific transcript 5 (GAS5), which was 
originally isolated from mouse NIH3T3 cells and is found 
on chromosome 1q25 (19), is one of the most common long 
non‑coding RNAs (lncRNAs). A previous study demonstrated 
that GAS5 may act as a key regulator of tumor proliferation, 
migration and EMT in cancer cells (20). Furthermore, it has 
been reported that in cervical cancer, GAS5 may act as a tumor 
suppressor by sponging microRNA (miR)‑21, which induced 
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regulation of cisplatin resistance (21). In pancreatic cancer, 
GAS5 reversed EMT and induced gemcitabine sensitivity 
by targeting the miR‑221/suppressor of cytokine signaling 3 
pathway (22). It has also been reported that in clear cell renal 
cell carcinoma, GAS5 functioned as a competitive endogenous 
RNA to regulate solute carrier family 39 member 1 (SLC39A1, 
also termed hZIP1) expression via sponging miR‑223, which 
resulted in chemosensitivity to cisplatin (23). Furthermore, 
lncRNAs are reported to be involved in the regulation of 
physiological processes in CSCs, including liver (24,25) and 
pancreatic CSCs (24,25). However, the potential role of GAS5 
in CSCs derived from colorectal cancer is not fully understood.

In the present study, CSCs were successfully enriched from 
HCT116 cells, and their potential to maintain self‑renewal 
capacity and to regulate the malignant features of CSCs 
(including proliferation, tumor formation, migration and 
chemoresistance) were identified. It was revealed that GAS5 
exerted its protective roles via nodal growth differentiation 
factor (NODAL) signaling, resulting in the maintenance of 
CSC stemness and induction of chemoresistance. Moreover, 
it was demonstrated that GAS5 exerted opposing effects on 
CSCs derived from HCT116 cells compared with parental 
HCT116 cells. Collectively, the present study identified a novel 
role of GAS5 in regulating physiological processes in CSCs, 
which suggests that GAS5 may be a potential therapeutic 
target for colorectal cancer.

Materials and methods

Cell culture and enrichment of CSCs from HCT116 cells. 
Human colorectal cancer HCT116 cells were purchased from 
the American Type Culture Collection and stored in liquid 
nitrogen. Cells were cultured in DMEM (Thermo  Fisher 
Scientific, Inc.), supplemented with 10% heat‑inactivated FBS 
(Gibco; Thermo Fisher Scientific, Inc.) in a 5% CO2 incubator 
at 37˚C. The medium was refreshed every 2 days, and when 
the confluence reached 80‑90%, cells were harvested with 
0.25% trypsin (Gibco; Thermo Fisher Scientific, Inc.) and 
passaged.

To enrich CSCs, HCT116 cells were maintained in 
DMEM/Ham Nutrient Mixture F‑12 (1:1) supplemented with 
epidermal growth factor (EGF; 20 ng/ml), human fibroblast 
growth factor basic (hFGFb; 10  ng/ml) and 2%  B27. All 
reagents were bought from Thermo Fisher Scientific, Inc. 
Every 3 days the medium was half replaced.

Serial replating assay. To detect self‑renewal capacity, cells 
were replated at a clonal density of 1,000 cells/well in 6‑well 
plate and cultured in DMEM/Ham Nutrient Mixture F‑12 (1:1) 
supplemented with 2%  B27, 10  ng/ml EGF and 20  ng/ml 
hFGFb. Every 2 days, the medium was half replaced, and after 
14 days, spheres >40 µm in diameter were counted under a X71 
(U‑RFL‑T) fluorescence microscope (Olympus Corporation; 
magnification, x40). This process was repeated three times.

Western blotting. Cells were suspended in lysis buffer 
containing 50 mM Tris‑HCl, 150 mM NaCl, 0.02% NaN3, 
100 µg/ml PMSF, 1 µg/ml aprotinin, 1 µg/ml pepstatin A and 
1% Triton X‑100. A SoniConvert® homogenizer (DocSense 
Biotech) was used to lyse the cells. After centrifugation at 

12,000 x g for 10 min at 4˚C, 20 µg total protein quantitatively 
measured using the bicinchoninic acid kit (Sigma‑Aldrich; 
Merck KGaA) was resolved using SDS‑PAGE on 10% gels, 
and was then transferred to a nitrocellulose membrane. 
After transferring, the membrane was blocked with 5% BSA 
(Beyotime Institute of Biotechnology) in PBS for 30 min at 
room temperature. The primary antibodies used were as 
follows: Rabbit monoclonal anti‑Oct4 antibody (1:2,000; 
cat.  no.  ab181557), rabbit monoclonal anti‑Sox2 antibody 
(1:2,000; cat. no. ab93689) and rabbit monoclonal anti‑β‑actin 
antibody (1:5,000; cat.  no.  ab179467). In addition, goat 
anti‑rabbit IgG H&L antibody (horseradish peroxidase labeled; 
1:10,000; cat. no. ab7090) was used as the secondary antibody. 
All antibodies were purchased from Abcam and incubated 
with the membrane at room temperature for 1 h, followed by 
three washes with PBS supplemented with 0.1% Tween‑20. 
Blot bands were semi‑quantified via densitometry with ImageJ 
software (version 1.52r; National Institutes of Health). β‑actin 
was used as an internal reference. The signal was detected 
with ECL plus western blotting detection reagents (Pierce; 
Thermo Fisher Scientific, Inc.) and imaged using X‑ray film.

Reverse transcription‑quantitative PCR (RT‑qPCR). 
Total RNA was extracted using TRIzol® (Thermo  Fisher 
Scientific, Inc.) according to the manufacturer's instructions. 
Subsequently, 1 µg total RNA underwent RT using a RT kit 
(Thermo Fisher Scientific, Inc.) at 42˚C for 1 h. After RT, 
cDNA was used as a template for qPCR by using SYBR™ 
Green PCR master mix (Thermo Fisher Scientific, Inc.), 
which was conducted under the following conditions: 95˚C for 
5 min; 35 cycles of 95˚C for 10 sec; and a final extension at 
60˚C for 1 min. An ABI 7500 system (Applied Biosystems; 
Thermo Fisher Scientific, Inc.) was used for PCR. The primers 
used for qPCR were as follows: GAS5, forward 5'‑CGA​CTC​
CTG​TGA​GGT​ATG​GTG‑3' and reverse 5'‑ATC​CTT​CCT​TGG​
GGA​CAC​AAC‑3'; and β‑actin, forward 5'‑CAT​GTA​CGT​TGC​
TAT​CCA​GGC‑3' and reverse 5'‑CTC​CTT​AAT​GTC​ACG​CAC​
GAT‑3'. The qPCR results were analyzed and expressed rela-
tive to the threshold cycle (Cq) values, and were then converted 
to fold changes; all data was analyzed using 2‑ΔΔCq method. A 
2.0‑fold change was considered to be significant (26). In total, 
three repeats were conducted for each sample.

Transfection with small interfering (si)RNA or GAS5 coding 
sequence. siRNA was used for knocking down the expres-
sion of GAS5 in CSCs derived from HCT116 cells. In total, 
two 21‑nucleotide siRNAs were used for silencing: siGAS5‑1, 
5'‑GCA​AGC​CTA​ACT​CAA​GCC​A‑3'; siGAS5‑2, 5'‑GGA​
CCA​GCT​TAA​TGG​TTC​T‑3'. si‑negative control (siNC): 
CCT​GAG​ACC​AAG​CCA​TAA​C was employed as a NC. 
Briefly, siRNA (50 nmol) was chemically synthesized by 
Guangzhou RiboBio Co., Ltd. and transfected into ~1x106 cells 
with Lipofectamine®  2000 (Invitrogen; Thermo  Fisher 
Scientific,  Inc.), according to the siRNA manufacturer's 
protocol (Guangzhou RiboBio Co., Ltd.). After 48 h, cells were 
used for subsequent experimentation.

The coding sequence of GAS5 was amplified from CSCs 
cDNA using the followed primers: Forward, 5'‑ATA​​GGG​CTA​
GCT​TTC​GAG​GTA​GGA​GTC​GAC​T‑3' and reverse, 5'‑ATA​
GGC​GGC​CGC​GGA​TTG​CAA​AAA​TTT​ATT​AA‑3'. The 
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PCR product was amplified using PlatinumTM Green Hot Start 
PCR Master mix (2X; Thermo Fisher Scientific, Inc.) under 
the following conditions: 95˚C for 5 min; 35 cycles of 95˚C 
for 10 sec, extension at 60˚C for 3 min. The PCR product and 
pEGFP‑N3 plasmid (Beijing Solarbio Science & Technology 
Co., Ltd.) were digested using NheI and NotI restriction 
enzymes (Takara Bio, Inc.). Subsequently, the digested PCR 
product was inserted into the pEGFP‑N3 plasmid using 
the Quick Ligation kit (cat.  no.  M2200S; New  England 
Biolabs,  Inc.) and successful insertion was confirmed by 
sequencing which was provided by Sangon Biotech Co., Ltd. 
In total, 1.6  µg plasmid was transfected into ~1x106 cells 
with Lipofectamine® 2000, according to the manufacturer's 
protocol. Also, an empty vector was transfected into cells, and 
this was considered as the vector group. After 48 h, cells were 
used for further analysis.

Cell Counting Kit‑8 (CCK‑8) assay for cell viability. Cells 
(2x105/well) were seeded into 96‑well plates. 0.1, 1, 3, 5 and 
10 µg/ml of 5‑FU, or 0.1, 0.3, 0.5, 0.7 and 1.0 µg/ml DOX was 
added into medium for 24‑h culturing. Next, 10 µl CCK‑8 
solution (Beyotime Institute of Biotechnology) was added to 
the cell culture for a 2 h co‑incubation at 37˚C. Absorbance 
was measured at 450 nm and cell viability was expressed as 
optical density.

Cells (2x105/well) were seeded into 96‑well plates. After 1, 
2, 3 or 4‑day culturing with or without SB431542, 10 µl CCK‑8 
solution (Beyotime Institute of Biotechnology) was added to 
the cell culture for a 2 h co‑incubation at 37˚C. The mock group 
was treated with the same volume of DMSO. Absorbance was 
measured at 450 nm and cell viability was expressed as optical 
density. Each assay was repeated three times.

Cell cycle analysis. The percentage of cells in each cell cycle 
phase was analyzed by propidium iodide (PI) staining and flow 
cytometry. Cells were washed three times with ice‑cold PBS 
and a final concentration of 75% ethanol was added for fixa-
tion at 4˚C for 4 h. Subsequently, 100 µg/ml Rnase (Beyotime 
Institute of Biotechnology) was added to each sample and 
incubated at 37˚C for 30 min, and cells were stained with 
50 µg/ml PI for 10 min at room temperature and analyzed on a 
FACS LSRII flow cytometer (BD Biosciences). Then data were 
analyzed using FlowJo software (FlowJo LLC, version 9.7.4)

Tumor formation in soft agar. Cells (2x103) were suspended 
in serum‑free DMEM/F‑12 medium and dissolved in 
0.3%  low‑melting agarose (Sigma‑Aldrich; Merck KGaA) 
supplemented with 20 ng/ml EGF, 10 ng/ml hFGFb, 2% B27 
and 1% antibiotic‑antimycotic mixture. Cells were allowed to 
grow for 14 days and colonies with >50 cells were counted 
under a X71 (U‑RFL‑T) fluorescence microscope (Olympus 
Corporation; magnification, x40).

Transwell assay. To analyze migratory ability, 2x103 cells were 
plated in the upper chambers of semi‑permeable Transwell 
inserts filled with 200 µl of SFM and 600 µl DMEM/Ham 
Nutrient Mixture  F‑12 (1:1), supplemented with 20  ng/ml 
EGF, 10 ng/ml hFGFb, 2% B27 and 1% antibiotic‑antimycotic 
mixture was added to the lower chambers. After incubation at 
37˚C for 24 h, cells were fixed using 4% paraformaldehyde at 

room temperature for 10 min, and stained with 0.5% crystal 
violet at room temperature for 10 min. After 2‑3 washes with 
ice‑cold PBS, images were captured under a X71 (U‑RFL‑T) 
fluorescence microscope (Olympus Corporation; magnifica-
tion, x40).

A n nex in  V‑ FI TC/PI  dou ble  s ta in ing.  A n nex i n 
V‑FITC/PI double staining was performed with the Annexin 
V‑FITC/PI apoptosis detection kit (Thermo Fisher Scientific, 
Inc.), according to the manufacturer's instructions. Cells 
(1x106) were suspended from 6‑well plate and washed with 
ice‑cold PBS. Then cells were co‑incubated with 5 µg/ml 
5‑FU, 0.7 µg/ml DOX or 10 µM of SB431542 for 24 h. For 
staining, cells were resuspended in binding buffer containing 
5 µl Annexin V‑FITC for 10 min in the dark at room tempera-
ture, and then 5 µl PI was added for 5 min staining at room 
temperature. Then, 400 µl binding buffer was added to each 
sample and flow cytometric analysis was performed on a FACS 
LSRII flow cytometer (BD Biosciences). Data were analyzed 
using FlowJo software (version 10.6.1; FlowJo LLC).

Statistical analysis. Data are presented as the mean ± SD, 
and all experiments were repeated three times independently. 
One‑way ANOVA followed by Bonferroni's multiple compar-
ison tests was used for comparisons among experimental 
groups, and was conducted using GraphPad Prism 5 software 
(GraphPad Software, Inc.). P<0.05 was considered to indicate 
a statistically significant difference.

Results

Identifying and enriching CSCs from HCT116 cells and 
detection of GAS5. For CSC enrichment, parental HCT116 
cells were cultured in serum‑free medium supplemented with 
EGF, hFGFb and B27, as described previously  (27). Cells 
were passaged every 10 days, and it was observed that spheres 
formed in every passage (Fig. 1A). When counting spheres 
>40 µm in diameter, no significant decrease in sphere forma-
tion ability was observed at the different passages; these data 
indicate the existence of a self‑renewal capacity (Fig. 1B), 
which is a characteristic of CSCs (28).

To further characterize the stemness of enriched cells, 
quantitative analyses were performed on Oct4 and Sox2, 
two stem cell factors that are important for the self‑renewal 
properties of CSCs (29). An increase in the protein expression 
levels of Oct4 and Sox2 was identified in three passages of 
enriched cells compared with parental HCT116 cells (Fig. 1C). 
Subsequently, all three passages of CSCs were used to assess 
GAS5 mRNA expression; it was revealed that GAS5 was 
significantly upregulated in CSCs compared with parental 
HCT116 cells, regardless of the passage number (Fig. 1D).

GAS5 is essential for maintaining stemness in CSCs derived 
from HCT116 cells. Xu  et al  (30) reported that in human 
embryonic stem cells, the presence of GAS5 was critical for 
controlling self‑renewal capacity; therefore, the present study 
assessed whether GAS5 was involved in regulating stemness 
in CSCs derived from HCT116 cells. The efficiency of GAS5 
knockdown using GAS5‑targeting siRNA at different sites 
(siGAS5‑1 and siGAS5‑2; Fig. 2A) was assessed by transfection 
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at the early passage. Western blotting demonstrated that 
knockdown of GAS5 did not affect Oct4 and Sox2 protein 
expression levels, which indicated that GAS5 may not affect 
the stemness of CSCs (Fig. 2B). However, the serial replating 
assay suggested that knockdown of GAS5 abolished sphere 
formation ability (Fig. 2C). Therefore, these two controversial 
results indicate that GAS5 may affect self‑renewal capacity by 
regulating other physiological processes, such as proliferation, 
but not stem cell factors. Thus, cell viability was detected 
from day 1‑4 after GASG5 knockdown; it was identified that 
proliferative capacity was significantly decreased by GAS5 
knockdown (Fig. 2D). The cell phase distribution had a consis-
tent tendency, which demonstrated that knockdown of GAS5 
significantly increased the proportion of cells in G1/G0 phase 
and decrease the proportion of cells phase in S and G2/M, 
thus indicating that the cell cycle was arrested at this point. 
Collectively, these results suggest that knockdown of GAS5 
primarily decreases cellular proliferation, which as a result 
inhibits sphere formation in CSCs.

The effects of GAS5 on other malignant features were also 
detected, including tumor formation in soft agar and cell migra-
tion. It was revealed that knockdown of GAS5 inhibited these 
two malignant features (Fig. 2F and G), which suggested its 
important role in regulating physiological processes in CSCs.

GAS5 may desensitize CSCs to chemotherapeutic agents. 
Previous studies have revealed that GAS5, which acts as a 

tumor suppressor, increased chemosensitivity in several types 
of cancer, including cervical cancer (21), ovarian cancer (31), 
pancreatic cancer (22) and clear cell renal cell carcinoma (23). 
To assess whether knockdown of GAS5 exerted a regulatory 
role in CSC chemosensitivity, the cytotoxicity of 5‑FU and 
DOX to CSCs was measured, and it was identified that knock-
down of GAS5 significantly sensitized CSCs to 5‑FU and 
DOX (Fig. 3A). Moreover, 5 µg/ml 5‑FU or 0.7 µg/ml DOX 
were supplemented into medium for 24‑h treatment followed 
by apoptosis analysis. In line with the cytotoxicity results, it 
was revealed that GAS5 knockdown significantly increased 
chemotherapeutic treatment‑induced apoptosis (Fig. 3B).

GAS5 exerts regulatory roles via regulating NODAL. NODAL 
signaling has been reported to be regulated by GAS5, helping 
to maintain stemness (30). Therefore, the present study aimed 
to identify whether NODAL was involved in GAS5‑mediated 
regulation of CSCs. The serial replating assay demonstrated 
that GAS5 knockdown and pretreatment with SB431542 
significantly decreased self‑renewal capacity in CSCs, thus 
indicating that both of these are important for maintaining 
stemness (Fig. 4A). The cell viability assay also suggested 
that GAS5 knockdown and inhibition of NODAL signaling 
via SB431542 decreased cell proliferation (Fig. 4B). To further 
assess whether NODAL signaling contributed to GAS5 knock-
down‑induced chemosensitivity, the apoptotic rate after 5‑FU 
treatment was measured, and it was revealed that inhibition of 

Figure 1. Enrichment and characterization of CSCs from HCT116 cells. (A) Sphere formation in serum‑free medium was assessed and cells were passaged 
three times. Magnification, x40. (B) Serial replating assay was performed and spheres >40 µm in diameter were counted. (C) Western blotting was performed 
to detect stem cell factors, including Oct4 and Sox2 in different passage of CSCs and parental HCT116 cells. (D) Reverse transcription‑quantitative PCR was 
performed to measure GAS5 mRNA expression. *P<0.05 vs. HCT116 group. CSCs, cancer stem‑like cells; GAS5, growth‑arrest‑specific transcript 5.
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NODAL signaling sensitized CSCs to chemotherapeutic treat-
ment (Fig. 4C). However, this finding was inconsistent with 
those from previous studies, which reported the anti‑tumor 
effects of GAS5 (21‑23,31). To assess whether GAS5 exerts 
different effects on HCT116 cells, GAS5 was efficiently over-
expressed in HCT116 cells (Fig. 4D) and apoptotic cell death 
was detected (Fig. 4E). Flow cytometry results indicated that, 
in HCT116 cells, overexpression of GAS5 sensitized cells to 
chemotherapy, thus suggesting that GAS5 potentially exerts 

opposite effects on chemoresistance in HCT116 cells and 
CSCs derived from HCT116.

Discussion

The present study detected the expression of GAS5 in CSCs 
derived from a human colorectal cancer cell line, and investi-
gated its roles in regulating malignant features and maintaining 
the stemness of CSCs. While GAS5 has been reported to act 

Figure 2. GAS5 inhibits cell proliferation and sphere formation in CSCs derived from HCT116 cells. (A) After introduction of siRNA to target GAS5, GAS5 
mRNA expression was measured by reverse transcription‑quantitative PCR. (B) Western blotting was performed to measure Oct4 and Sox2 protein expression 
levels after GAS5 knockdown. (C) Serial replating assay was performed after GAS5 knockdown. Magnification, x40. (D) Cell viability was measured from day 
1‑4 after GAS5 knockdown. (E) Flow cytometry was performed after propidium iodide staining to determine the proportion of cells in cell cycle phases after 
GAS5 knockdown. After GAS5 knockdown, (F) tumor formation in soft agar and (G) Transwell assays were performed. *P<0.05 vs. siNC group. CSCs, cancer 
stem‑like cells; GAS5, growth‑arrest‑specific transcript 5; NC, negative control; OD, optical density; siRNA, small interfering RNA.
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as a tumor suppressor in several types of cancer (19‑21), the 
present results suggested that GAS5 may be essential for main-
taining stemness, and that it exerted critical roles in promoting 
the malignant features of CSCs, including proliferation, tumor 
formation, migration and chemoresistance.

By culturing HCT116 cells in serum‑free medium supple-
mented with EGF, hFGFb and B27, CSCs presented a stem 
cell morphological phenotype and exhibited high expression 
levels of stem cell factors, including Oct4 and Sox2; the cells 
were enriched and identified by assessing their self‑renewal 
capacity. Moreover, future studies aim to isolate CSCs from 
colorectal tumor tissue and investigate whether the potential 
role of GAS5 found in the HCT116 cell line also exists in 
primary cells. In the present study, compared with parental 
HCT116 cells, the expression of GAS5 was significantly higher 
in CSCs in different passages, thus indicating its potential 
role in maintaining stemness. Considering the relatively high 
expression of GAS5, its overexpression may have an effect on 
the malignant features and stemness of CSCs. In the present 
study, GAS5 expression was knocked down in CSCs, in order 

to investigate its potential effects. While GAS5 knockdown 
inhibited sphere formation of CSCs, the stem cell factors Oct4 
and Sox2 were not significantly affected, which suggested that 
GAS5 knockdown may affect sphere formation by modifying 
pluripotency. Cellular proliferation and cell cycle distribution 
were subsequently assessed, and it was revealed that GAS5 
knockdown inhibited cell proliferation via cell cycle arrest at 
the G1/G0 phase. In addition, the inhibitory effects of GAS5 
knockdown on other malignant features were also detected, 
including tumor formation and migration. GAS5 has been 
widely reported to act as a tumor suppressor in several types 
of cancer cells (19‑21), which is the opposite of the effects 
of siGAS5 on the malignant features of CSCs observed in 
the present study. Although there is no direct evidence of the 
mechanisms underlying how GAS5 modifies pluripotency, it 
is speculated that modification of pluripotency is the primary 
mechanism by which GAS5 exerts its regulatory roles in 
CSCs.

GAS5 has also been studied for its beneficial role in 
increasing chemosensitivity in several cancer cell types (21‑23). 

Figure 3. Knockdown of GAS5 sensitizes CSCs to chemotherapeutic agents. (A) Cell Counting Kit‑8 assay was performed to detect cytotoxicity of 5‑FU and 
DOX to CSCs. (B) Annexin V‑FITC/PI double staining was performed and analyzed by performing flow cytometry to measure apoptotic death rate. *P<0.05 
vs. siNC group. 5‑FU, 5‑fluorouracil; CSCs, cancer stem‑like cells; DOX, doxorubicin; GAS5, growth‑arrest‑specific transcript 5; NC, negative control; PI, 
propidium iodide; siRNA, small interfering RNA.
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In the present study, 5‑FU and DOX were used to detect the 
effects of GAS5 knockdown on chemoresistance in CSCs; it 
was revealed that GAS5 knockdown increased the chemo-
sensitivity and chemotherapeutic agent‑induced apoptosis of 
CSCs. NODAL signaling has an important role in regulating 
the stem‑like properties of CSCs (32,33), and a previous study 
revealed a critical role for NODAL signaling in the induc-
tion of chemoresistance in CSCs (33). Therefore, the present 
study examined whether NODAL signaling was involved in 
the GAS5‑mediated regulation of CSCs. It was demonstrated 
that GAS5 knockdown and NODAL inhibition with SB431542 
pretreatment decreased the self‑renewal capacity and chemo-
resistance of cells, thus indicating that GAS5 may exert 
tumor‑promoting effects in a NODAL‑dependent manner. 
However, whilst the present study did not identify the exact 
regulatory mechanism between GAS5 and NODAL signaling, 
the results indicated that it may be beneficial to investigate the 
regulatory mechanism between GAS5 and NODAL signaling 
in other cancer cells. Moreover, a limitation of the present 
study was that the effects of GAS5 on chemosensitivity were 
not assessed in vivo, thus it is important to examine whether 
GAS5 is relevant to the regulation of malignant features 
in vivo.

In conclusion, the present study identified GAS5 as a factor 
that may promote colorectal CSC activity in cells derived from 
HCT116 cells. The present study investigated the effects of 
GAS5 on CSCs vs. parental HCT116 cells, and demonstrated 
that GAS5 exerted opposing effects on malignant features in 
CSCs compared with parental cells. Furthermore, the involve-
ment of NODAL signaling was indicated to be essential for 
GAS5‑mediated modification in CSCs, which is a potential 
key reason for the opposing effects of GAS5 in CSCs and 
parental HCT116 cells. However, further investigation into 
the interaction of GAS5 with NODAL signaling is required 
to understand the exact roles of GAS5 in regulating malignant 
features in colorectal CSCs.
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