
INTERNATIONAL JOURNAL OF ONCOLOGY  66:  20,  2025

Abstract. Long non‑coding (lnc)RNAs participate in colorectal 
cancer (CRC) occurrence and progression. The present study 
aimed to investigate whether lncRNA ABHD11‑AS1 regulates 
malignant biological behavior of CRC cells. Bioinformatic 
analysis, reverse transcription‑quantitative PCR and in situ 
hybridization revealed that ABHD11‑AS1 expression was 
decreased in CRC samples and associated with an unfavor‑
able prognosis. ABHD11‑AS1 overexpression significantly 
decreased proliferation, migration and invasion of CRC cells, 
whereas ABHD11‑AS1 inhibition had the opposite effects. 
ABHD11‑AS1 interacted with EGFR to inhibit EGFR phos‑
phorylation and attenuate EGFR/ERK signaling, which in 
turn suppressed the malignant biological behavior of CRC 
cells. The tumor suppressor function of ABHD11‑AS1 was 
attenuated by the EGFR agonist NSC228155. Finally, resve‑
ratrol (RSV) inhibited CRC cell proliferation, migration and 
invasion, which may be associated with RSV‑induced decrease 
in SPT6 homolog, histone chaperone and transcription elonga‑
tion factor protein expression and increase in ABHD11‑AS1 
transcript levels. ABHD11‑AS1 inhibited the phosphorylation 

of EGFR and decreased EGFR/ERK signaling by interacting 
with EGFR, thereby delaying the progression of CRC. The 
ABHD11‑AS1/EGFR/ERK axis may be a novel therapeutic 
target for preventing CRC progression.

Introduction

Colorectal cancer (CRC) is one of the most common malig‑
nant tumors of the digestive system in China, with new cases 
(517,100) and deaths (240,000) rank among the top five of all 
types of cancer and show an increasing trend in 2022 (1,2). 
Revealing the molecular mechanisms underlying CRC devel‑
opment is important for increasing the effectiveness of CRC 
treatment and improving the prognosis.

Long non‑coding RNAs (lncRNAs) are RNA transcripts 
that >200 nucleotides in length that have notable spatiotemporal 
and temporal expression specificity and are widely involved in 
gene regulation (3). Previous studies have shown that lncRNAs 
regulate CRC progression. For example, the lncRNA PVT1 
promotes CRC proliferation and metastasis via the microRNA 
(miR)‑24‑3p/neuropilin 1 axis (4) and LINC00955 acts as a 
molecular scaffold for tripartite motif containing 25 and Sp1 
transcription factor, leading to G0/G1 cell cycle arrest in CRC 
cells  (5). In addition, lncRNAs constitute a potential class 
of biomarkers for CRC screening, diagnosis and prognosis. 
Glycolysis‑ and necrosis‑associated lncRNAs are used for 
clinical prognostic evaluation (6,7). lncRNAs play important 
roles in CRC progression.

lncRNAs have many functions in cancer. lncRNAs may 
play contradictory roles by activating different signaling 
pathways. For example, lncRNA H19 acts as an oncogene that 
activates epithelial‑mesenchymal transition (EMT) to promote 
proliferation, migration and invasion of skin squamous 
cell carcinoma cells (8). However, lncRNA H19 can inhibit 
osteosarcoma by regulating the expression of small nucleolar 
RNA SNORA7A (9). High levels of lncRNA ABHD11‑AS1 
expression in pancreatic cancer (PC) tissue are associated with 
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distant metastasis, TNM stage and tumor differentiation (10). 
However, another study revealed that ABHD11‑AS1 expression 
is downregulated in patients with PC with positive lymphatic 
metastasis  (11). These findings reflect the heterogeneity of 
lncRNAs.

The aim of the present study was to investigate the role and 
mechanism of lncRNA ABHD11‑AS1 in CRC to reveal how 
ABHD11‑AS1 regulates CRC cell proliferation, migration, and 
invasion through interaction with EGFR, and to explore the 
regulatory effect of resveratrol on ABHD11‑AS1 transcription, 
with the goal of evaluating its potential in CRC treatment.

Materials and methods

Human tissue samples. All the participants signed informed 
consent (approval no. KYJJ‑2022‑240). The inclusion criteria 
were as follows: i) Patients who were confirmed to have CRC 
by post‑operative pathological analysis; ii) medical records were 
complete. The exclusion criterion were patients with two or more 
concurrent primary malignancies. The study was approved by 
the Ethical Review Committee of Hunan Cancer Hospital. A 
total of 66 surgical specimens (39 males and 27 females; median 
age, 66.5 years and an age range of 27‑82 years) and their adja‑
cent non‑tumor (≥5 cm distal to tumor margins) samples (n=39) 
from patients with CRC at Hunan Cancer Hospital, Changsha, 
China, between June 2007 and September 2011 were collected, 
fixed (10% neutral buffered formalin and fix for 24 h at room 
temperature.) and paraffin‑embedded.

Cell lines and culture. The human normal colon epithelial 
cell line NCM460 (cat. no. CL0393) and four colon cancer 
cell lines, HCT116 (cat. no. CL0125), HT29 (cat. no. CL0163), 
SW480 (cat. no. CL0303) and SW620 (cat. no. CL0305), were 
obtained from Hunan Fenghui Biotechnology. All cells were 
identified by STR. The culture conditions were as previously 
described (12). NCM460 and HCT116 cells were cultured in 
DMEM (Gibco; Thermo Fisher Scientific, Inc.) supplemented 
with 10% FBS (ZETA LIFE, Inc.). HT29, SW480 and SW620 
cells were cultured in RPMI‑1640 (Gibco; Thermo Fisher 
Scientific, Inc.) supplemented with 10% FBS. ABHD11‑AS1 
overexpression plasmid and three ABHD11‑AS1 short hairpin 
(sh)RNAs (sh‑ABHD11‑AS1‑1, sh‑ABHD11‑AS1‑2 and 
sh‑ABHD11‑AS1‑3) were obtained from Shanghai GeneChem 
Co., Ltd. (Table SI). HCT116 and SW620 cells were transfected 
with 2 µg plasmid (ABHD11‑AS1: GV658 vector, pcDNA3.1‑C
MV‑3flag‑EF1A‑zsGreen‑sv40‑puromycin; the negative vector: 
GV658 vector, pcDNA3.1; shRNA: GV102 vector; the negative 
control sequence was 5'‑TTCTCCGAACGTGTCACGT‑3'.) 
(Shanghai GeneChem Co., Ltd.) using Lipofectamine 3000 
(Invitrogen; Thermo Fisher Scientific, Inc.) at room tempera‑
ture for 6‑8 h before changing the medium. The subsequent 
experiments were carried out 48 h after transfection. The 
effects of overexpression and knockdown were detected by 
quantitative (q)PCR.

CCK‑8 assay. CCK‑8 assay were performed as described 
previously (13). Briefly, cell proliferation was assessed using 
the Cell Counting Kit (ZETA LIFE, Inc.; cat. no. K009‑500) in 
accordance with the manufacturer's protocol. Cells in the loga‑
rithmic growth phase) was seeded in quintuplicate at a density 

of 5,000 cells per well onto 96‑well plates with 100 µl of 
medium per well and cultured in humidified air with 5% CO2 
at 37˚C. Complete medium containing 10% CCK‑8 reagent 
was added at time points of 0, 24, 48, and 72 h, respectively, 
and the OD value was detected at 450 nm after continued 
incubation for 2 h. The proliferation curves were plotted using 
Prism 8.0 software.

Colony formation assay. Colony formation assays were 
performed as described previously (13). Briefly, transfected 
cells (2,000 cells/dish) were seeded onto 6 cm dishes and 
incubated in humidified air with 5% CO2 at 37˚C for 2 weeks, 
then stained with 0.1% crystal violet. Images of visible colo‑
nies were captured using a FUSION SOLO S (VILBER), and 
colonies containing >50 cells were counted and quantified 
using ImageJ software.

Drug treatment. The working concentrations of resveratrol 
(RSV) (cat. no. SC0276‑10 mM, Beyotime Biotechnology, 
Jiangsu, China) were as we measured the IC50 values. In brief, 
after treatment with RSV the cells were incubated in humidi‑
fied air with 5% CO2 at 37˚C for 48 h and used for subsequent 
experiments. For NSC228155 (cat. no. S8312, Selleck, Inc.), an 
EGFR activator, cells were treated with 100 µM NSC228155 
in humidified air with 5% CO2 at 37˚C for 12 h and then used 
for subsequent experiments. For chrysophanol (cat. no. S2406, 
Selleck, Inc.), an EGFR inhibitor, cells were treated with 
10 µM chrysophanol in humidified air with 5% CO2 at 37˚C 
for 48 h and then used for subsequent experiments.

Immunofluorescence. Cells seeded in crawls were fixed with 
4% paraformaldehyde for 15 min, followed by blocking with 
5% BSA for 1 h, and then incubated with anti‑EGFR antibody 
(1:50, A11577, ABclonal) at 4˚C overnight, after three washes 
with 0.5 M PBS, cells were incubated with appropriate fluo‑
rescent secondary antibodies for 1 h at 37˚C. The nucleus was 
stained with 10 µM DAPI (cat. no. AI‑50, ZETA LIFE, Inc.) 
for 10 min at room temperature and cells were photographed 
under a confocal microscope (Carl Zeiss AG, Germany).

Transwell migration and invasion and wound healing assays. 
The pore size of the Transwell plates was 8 µm (cat. no. 3422, 
Costar, Inc.). A total of 200 µl RPMI‑1640 medium containing 
transfected cells (2x104 cells/well) was added to the upper 
chambers and 600 µl RPMI‑1640 medium containing 20% 
FBS was added to the lower chambers. For the invasion assay, 
Matrigel was used to coat the upper chambers for 30 min 
at 37˚C (50 µl/well, cat. no. 356230, BD Pharmingen; BD 
Biosciences). After incubation for 48 h in humidified air with 
5% CO2 at 37˚C, the invading cells were fixed with 4% para‑
formaldehyde at room temperature for 20 min and removed 
from the upper chamber. Fixed cells were stained with 0.1% 
crystal violet for 15 min at room temperature. Images of the 
crystal violet‑stained cells were captured and the cells were 
counted using a light microscope.

For wound healing assay, HCT116 and SW620 cells were 
inoculated into 6‑well plates. When cells reached 90‑95% 
confluence, the monolayer was scraped with a sterile 10 µl 
pipette tip and dislodged cells were removed with PBS. The 
cells were cultured in serum‑free medium at 37˚C for 48 h, 
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and images were acquired using a Zeiss light microscope. The 
wound area at the same location was subsequently measured 
by ImageJ (V1.54d, National Institutes of Health). The cell 
migration rate was calculated as follows: Cell migration rate 
(%)=(initial wound area‑wound area after 48 h)/initial wound 
area x100%.

RNA extraction and reverse transcription (RT)‑qPCR. RNA 
extraction was performed as described previously  (13). 
Briefly, total cellular RNA was extracted using TRIzol (cat. 
no. 15596‑018; Invitrogen; Thermo Fisher Scientific, Inc.). RT 
was performed using the iScript™ cDNA Synthesis kit (cat. 
no. 1708891, Bio‑Rad Laboratories, Inc.) according to the 
manufacturer's instructions. RT‑qPCR assays were performed 
on a Roche Light Cycler® 96 instrument (LightCycler® 480 II, 
Roche, Inc.) using a SYBR Green Pro Taq HS qPCR kit (cat. 
no. AG11701, Hunan Aikerui Bioengineering Co., Ltd.). PCR 
was performed in triplicate. Thermocycling conditions were 
as follows: Initial denaturation at 95˚C for 30 sec followed by 
40 cycles of 95˚C (5 sec) and 60˚C (30 sec). The data were 
analyzed by the 2‑∆∆Cq method (14). U6 was used as an internal 
reference for the detection of ABHD11‑AS1 RNA levels and 
nuclear ABHD11‑AS1. GAPDH was used as an internal refer‑
ence for cytoplasmic ABHD11‑AS1. The primer sequences are 
listed in Table SII.

Western blotting. Total proteins were lysed using RIPA 
buffer containing a protease inhibitor cocktail (Beyotime 
Biotechnology). After quantifying the protein concentration 
using the BCA) method, protein (30 µg/lane) were separated 
by SDS‑PAGE on a 10% gel and transferred to a PVDF 
membrane. After blocking with 5% QuickBlock™ Blocking 
Buffer (cat. no. P0252, Beyotime Institute of Biotechnology) 
at room temperature for 1  h, the membranes were incu‑
bated overnight at 4˚C with primary antibodies (all 1:1,000; 
see Table SIII). The bound antibodies were detected with 
horseradish peroxidase‑conjugated secondary antibodies 
(all 1:10,000; Table SIII) for 90 min of incubation at room 
temperature, and visualized using Pierce™ ECL Western 
Blotting Substrate (Thermo Fisher Scientific, Inc.). The levels 
of target proteins were quantified by densitometric scanning 
using ImageJ software (V1.54d, National Institutes of Health).

RIP. RIP assays were performed using the Magna RIP kit (cat. 
no. 17‑701, MilliporeSigma). Briefly, HCT116 and SW620 cells 
were lysed with complete RIP lysis buffer (containing inhibitor 
and RNase), followed by centrifugation at 11,000 x g and 4˚C 
for 10 min. A total of 10 µl mixture as input was removed, the 
remaining lysate was mixed with the appropriate antibody 
(anti‑EGFR, 1:20, A11577, ABclonal, 5 ug) and prewashed A/G 
magnetic beads, and the mixture was incubated overnight at 4˚C. 
The precipitate was washed with RIP wash buffer, resuspended 
in 150 µl proteinase K buffer and incubated at 55˚C for 30 min. 
The products were used for RNA purification by RT‑qPCR.

In  situ hybridization (ISH). ISH was performed as previ‑
ously described  (15). ABHD11‑AS1 transcript levels were 
assessed in CRC tissues using an ABHD11‑AS1‑specific probe 
(5'‑DIG‑AAG​UCU​UGU​CUG​GAA​GAG​GUG​UCU​CAC​UC‑3', 
Sangon Biotech Co., Ltd.). The samples were scored based on 

staining intensity and the number of positive cells, as described 
previously (15).

Isolation of cytoplasmic and nuclear fractions. Cytoplasmic 
and nuclear lysate from HCT116, HT29, SW480 and SW620 
cells was separated using a PARIS kit (cat. no.  AM1921, 
Invitrogen; Thermo Fisher Scientific, Inc.) according to 
the manufacturer's instructions. RNA was extracted from 
cytoplasmic and nuclear lysates and analyzed by RT‑qPCR. 
The nuclear control transcript was U6; cytoplasmic control 
transcript was GAPDH.

RNA pull‑down assay. RNA pull‑down was conducted using 
Ribo™ RNAmax‑T7 Biotin Labeling Transcription kit (cat. 
no. C11002‑1, Guangzhou RiboBio Co., Ltd.). Briefly, PCR 
primers for the T7 promoter were designed and amplified 
by PCR (cat. no. AG12210, ApexHF HS DNA Polymerase 
Premix‑CL, Hunan ACCURATE BIOLOGY Co., Ltd.) to 
obtain DNA templates (sense forward, 5'‑TAA​TAC​GAC​TCA​
CTA​TAG​GGC​TAG​C‑3' and reverse, 5'‑CCC​CGA​GTA​CCC​
TTG​GC‑3'; antisense forward, 5'‑TAA​TAC​GAC​TCA​CTA​TAG​
GGC​TAG​C‑3' and reverse, 5'‑CCC​TAA​GTC​CCA​GCC​CTT​
GA‑3'). Cells were lysed with 200 µl lysis buffer for 30 min 
on ice, followed by centrifugation at 11,000 g for 15 min at 
4˚C. Then, 40 µl streptavidin magnetic beads and 10 µl T7 
biotin‑labeled RNA probe were mixed at 4˚C for 6‑8 h to 
mix the RNA and magnetic beads well. The prepared protein 
solution lysate was then added to the above RNA magnetic 
beads and incubated overnight at 4˚C with gentle vortexing 
to fully bind the RNA to the target protein. PCR reaction was 
subjected to an initial denaturation at 94˚C for 1 min, followed 
by 35 cycles of denaturation at 98˚C for 10 sec, and extension 
at 68˚C for 30 sec. Purified RNA products were obtained by 
in vitro transcription. ABHD11‑AS1 intercalating proteins 
were captured using 40 µl M‑280 streptavidin magnetic beads 
(cat. no. 11205D, Invitrogen; Thermo Fisher Scientific, Inc.) 
and target proteins were subsequently identified by western 
blotting (anti‑EGFR, 1:1,000, A11577, ABclonal; anti‑GAPDH, 
1:1,000, 10494‑1‑AP, Proteintech Group, Inc.).

Bioinformatics analysis. Gene Expression Profiling 
Interactive Analysis (GEPIA2) (http://gepia2.cancer‑pku.
cn/#index) database was used to predict the expression of 
ABHD11‑AS1 in colon adenocarcinoma (COAD) and rectal 
adenocarcinoma (READ)  (16). The Cancer Genome Atlas 
(TCGA; tcga‑xena‑hub.s3.us‑east‑1.amazonaws.com/down‑
load/survival%2FCOAD_survival.txt) database was used to 
obtain prognostic information for patients with ABHD11‑AS1 
and CRC. RPISeq (pridb.gdcb.iastate.edu/RPISeq/) data‑
base was used to predict the RNA‑binding proteins of 
ABHD11‑AS1 (17).

Statistical analysis. For paired clinical data, matched samples 
t‑test was used. For unpaired data, unpaired Student's t‑test 
was performed. One‑way ANOVA followed by Tukey's post 
hoc test or two‑way ANOVA and Sidak's multiple comparison 
test were used for comparisons between multiple groups. 
Survival analysis was performed by Kaplan‑Meier curves, and 
the log‑rank test was used to determine significance. All the 
experiments were repeated ≥3 times. All data are expressed 
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as the mean ± SD and analyzed with GraphPad Prism 8.0 
(Dotmatics). P<0.05 was considered to indicate a statistically 
significant difference.

Results

Downregulation of ABHD11‑AS1 transcripts in CRC indicates 
poor prognosis. To investigate ABHD11‑AS1 expression in 
CRC, GEPIA database was used. ABHD11‑AS1 expression was 
downregulated in COAD tissue (Fig. 1A). ABHD11‑AS1 was 
not significantly downregulated in READ tissues. Compared 
with those in NCM460 cells, ABHD11‑AS1 transcript levels 
were significantly decreased in CRC cell lines, with those in 
HCT116 cells decreasing the most and those in SW620 cells 
decreasing the least (Fig. 1B). Therefore, these cell lines were 
used for subsequent experiments. Nuclear and cytoplasmic 
samples were isolated from CRC cell lines; ABHD11‑AS1 was 
localized mainly in the cytoplasm (Fig. S1A‑D). ISH of CRC 
samples revealed that ABHD11‑AS1 transcript levels were 
significantly higher in cancerous (n=66) than in paracancerous 
tissues (n=39; Fig. 1C‑E). By analyzing the clinicopathological 
characteristics of 66 patients, low ABHD11‑AS1 expression 
was demonstrated to be associated with tumor progression 
and distant metastasis (Table I). Low ABHD11‑AS1 transcript 
levels were associated with shorter overall survival in patients 
with CRC in TCGA cohort (Fig. 1F). Together, these findings 
indicated that downregulated ABHD11‑AS1 transcripts are 
related to poor prognosis in CRC.

ABHD11‑AS1 inhibits malignant behaviors of CRC cells 
in vitro. Given the dysregulated expression of ABHD11‑AS1 
in CRC, HCT116 and SW620 cells were transfected with 
plasmids carrying ABHD11‑AS1 or ABHD11‑AS1 shRNA to 
test the biological function of ABHD11‑AS1. ABHD11‑AS1 
was successfully overexpressed in HCT116 cells, while 
transfection with sh‑ABHD11‑AS1‑1, sh‑ABHD11‑AS1‑2 or 
sh‑ABHD11‑AS1‑3 significantly decreased ABHD11‑AS1 
expression in SW620 cells by ~99% (Fig. S1E and F). Colony 
formation and CCK‑8 assays revealed that ABHD11‑AS1 
overexpression inhibited the proliferation of HCT116 cells and 
ABHD11‑AS1 knockdown promoted proliferation of SW620 
cells (Fig. 2A‑F). Transwell assay revealed that ABHD11‑AS1 
overexpression significantly inhibited migration and invasion 
of HCT116 cells, whereas ABHD11‑AS1 knockdown signifi‑
cantly promoted migration and invasion capacities of SW620 
cells (Fig. 2G‑L). Overall, these results indicated ABHD11‑AS1 
served as a tumor suppressor gene to inhibit proliferation and 
migration and invasion of CRC cells in vitro. Furthermore, 
wound healing assay revealed that ABHD11‑AS1 overexpres‑
sion inhibited the wound healing process in HCT116 cells. 
Conversely, ABHD11‑AS1 knockdown promoted the wound 
healing process in SW620 cells (Fig. S2A‑D).

To elucidate the function of ABHD11‑AS1 in CRC, 
HCT116 and SW620 cells were transfected with a plasmid 
encoding ABHD11‑AS1 shRNA and expressing ABHD11‑AS1. 
RT‑qPCR revealed that compared with control + vector, 
ABHD11‑AS1 expression was effectively downregulated in 
sh‑ABHD11‑AS1‑2 and ABHD11‑AS1‑3 groups. ABHD11‑AS1 
expression was successfully restored in the sh‑ABHD11‑AS1‑2 
and sh‑A BH D11‑AS1‑3 + A BH D11‑AS1 g roups 

(Fig. S3A and B). Transwell assay revealed that ABHD11‑AS1 
knockdown promoted migration and invasion of HCT116 and 
SW620 cells. Notably, this promotion of migration and inva‑
sion was inhibited when ABHD11‑AS1 expression returned to 
normal levels (Fig. S3C‑H). Wound healing assay revealed that 
ABHD11‑AS1 knockdown promoted migration of HCT116 and 
SW620 cells. Notably, this was inhibited when ABHD11‑AS1 
expression returned to normal levels (Fig. S2E‑H). CCK‑8 
assay revealed that ABHD11‑AS1 knockdown promoted 
the proliferation of HCT116 and SW620 cells. Notably, this 
promotion of proliferation was inhibited when ABHD11‑AS1 
expression returned to normal levels (Fig. S3I and J).

Figure 1. Downregulation of ABHD11‑AS1 transcripts is associated with 
poor prognosis in patients with CRC. (A) ABHD11‑AS1 transcript levels 
in patients with COAD and READ retrieved from the Gene Expression 
Profiling Interactive Analysis database. (B) Relative levels of ABHD11‑AS1 
transcripts were determined by reverse transcription‑quantitative PCR 
(n=3). (C) Representative ISH of paraneoplastic and cancerous tissue. ISH 
staining scores for ABHD11‑AS1 in in (D)  39 paired CRC tissues and 
adjacent paracancerous tissues. (E) ISH staining scores for ABHD11‑AS1 
in 66 CRC tissues and 39 adjacent paracancerous tissues. (F) Low levels 
of ABHD11‑AS1 transcripts are associated with worse overall survival in 
patients with CRC in TCGA cohort. Magnification, x100, scale bar=100 µm; 
magnification, x400, scale bar, 20 µm. *P<0.05, **P<0.01, ***P<0.001. CRC, 
colorectal cancer; COAD, colon adenocarcinoma; READ, rectal adenocarci‑
noma; ISH, in situ hybridization; T, tumor; N, normal; OS, overall survival; 
TCGA, The Cancer Genome Atlas; TPM, transcripts per million.
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ABHD11‑AS1 interacts with EGFR to attenuate EGFR and 
ERK signaling in CRC cells. To understand the mechanism 
underlying the role of ABHD11‑AS1 in the malignant biolog‑
ical behavior of CRC, RPISeq database was used to predict the 
RNA‑binding proteins of ABHD11‑AS1. ABHD11‑AS1 bound 
to EGFR (random forest classifier, 0.8; support vector machine 
classifier, 0.65; Fig.  3A). RNA pull‑down and RIP assay 
confirmed the interactions between ABHD11‑AS1 and EGFR 
(Fig.  3B‑D). Furthermore, immunofluorescence revealed 
colocalization of ABHD11‑AS1 and EGFR in the cytoplasm 
(Fig. 3E). These results indicated that ABHD11‑AS1 interacted 
with EGFR.

To investigate the molecular mechanism, ABHD11‑AS1 
was overexpressed or knocked down in HCT116 and SW620 
cells prior to detecting proteins associated with the EGFR/ERK 
signaling pathway as this pathway is key for tumor progres‑
sion  (18). Western blot analysis revealed that transfection 
with ABHD11‑AS1 plasmid decreased phosphorylation of 
EGFR and ERK1/2 (Figs. 3F and S4A and B). Conversely, 
sh‑ABHD11‑AS1 plasmid increased the phosphorylation of 
EGFR and ERK1/2 (Figs. 3F and S4C and D). These results 
indicated that interaction between ABHD11‑AS1 and EGFR 
resulted in attenuation of ERFR/ERK signaling.

EGFR activation abrogates ABHD11‑AS1‑mediated atten‑
uation of proliferative and migratory behaviors in CRC 
cells. To confirm that ABHD11‑AS1 inhibited proliferative 
and migratory behaviors of CRC cells via EGFR, CRC cells 
with stably altered ABHD11‑AS1 expression were treated 
with the EGFR agonist NSC228155 or inhibitor chryso‑
phanol. Compared with control, NSC228155 increased 
EGFR and ERK1/2 phosphorylation but had no effect 
on total EGFR or ERK1/2 protein expression (Figs.  4A 

and S4E and F). NSC228155 almost completely restored 
ABHD11‑AS1‑attenuated EGFR and ERK1/2 phosphory‑
lation (Figs. 4A and S4E and F). Similarly, chrysophanol 
attenuated EGFR and ERK1/2 phosphorylation but not total 
protein expression (Figs. 4B and S4G and H). Chrysophanol 
almost completely abrogated sh‑ABHD11‑AS1‑induced 
increases in EGFR and ERK1/2 phosphorylation (Figs. 4B 
and S4G and H).

It was hypothesized that ABHD11‑AS1 inhibits CRC 
cell proliferation and invasion by impairing EGFR phos‑
phorylation and EGFR signaling. Compared with control, 
NSC228155 promoted the proliferation, migration and inva‑
sion of HCT116 cells in vitro. NSC228155 almost completely 
reversed ABHD11‑AS1‑mediated inhibition of proliferation, 
migration and invasion (Figs. 4C, E, G, I and J and S5A). 
Chrysophanol inhibited proliferation, migration and invasion 
of SW620 cells in vitro (Figs. 4D, F, H, K and L and S4B). 
Furthermore, chrysophanol inhibited proliferation, migration 
and invasion of SW620 cells induced by ABHD11‑AS1 knock‑
down. These results indicated that the ABHD11‑AS1/EGFR 
signaling axis plays a role in regulating malignant behavior 
of CRC cells.

Resveratrol enhances ABHD11‑AS1 transcript levels to 
suppress malignant behavior of CRC cells by downregulating 
SPT6. The aforementioned results indicated ABHD11‑AS1 
had a tumor‑suppressive effect on CRC. To explore therapeutic 
approaches for CRC that target ABHD11‑AS1, resveratrol was 
investigated as a potential regulator of ABHD11‑AS1 (19,20). 
RSV can exert antitumor effects by altering lncRNA transcript 
levels (21). To investigate the potential association between 
RSV and ABHD11‑AS1 transcript levels, HCT116 and SW620 
cells were treated with RSV.

Table I. Association between clinical parameters with ABHD11‑AS1 in patients with colorectal cancer.

Variable	 n	 High ABHD11‑AS1	 Low ABHD11‑AS1	 P‑value

Age, years				  
  <60	 40	 14	 26	 0.939
  ≥60	 26	 8	 18	
Sex				  
  Male	 39	 12	 27	 0.913
  Female	 27	 7	 20	
Histology 				  
  Well‑differentiated	 16	 3	 13	 0.855
  Moderately differentiated	 35	 12	 23	
  Poorly differentiated	 15	 5	 10	
TNM stage				  
  I	 17	 6	 11	 0.035
  II	 25	 9	 16	
  III	 13	 5	 8	
  IV	 11	 4	 7	
Metastasis				  
  Yes	 43	 9	 34	 0.015
  No	 23	 10	 13	
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Figure 2. ABHD11‑AS1 attenuates proliferative and migratory behaviors of CRC cells in vitro. (A) Colony formation assays in ABHD11‑AS1 overexpressing 
HCT116 cells. (B) Colony formation assays in ABHD11‑AS1 knockdown SW620 cells. (C) Statistical graphs of colony formation assays in ABHD11‑AS1 
overexpressing HCT116 cells. (D) Statistical graphs of colony formation assays in ABHD11‑AS1 knockdown SW620 cells. (E) CCK‑8 assays in ABHD11‑AS1 
overexpressing HCT116 cells. (F) CCK‑8 assays in ABHD11‑AS1 knockdown SW620 cells. (G) Transwell migration and invasion assays in ABHD11‑AS1 
overexpressing HCT116 cells. (H) Transwell migration and invasion assays ABHD11‑AS1 knockdown SW620 cells. (I) Statistical graphs of Transwell migra‑
tion assays in ABHD11‑AS1 overexpressing HCT116 cells. (J) Statistical graphs of Transwell invasion assays in ABHD11‑AS1 overexpressing HCT116 cells. 
(K) Migration assays in ABHD11‑AS1 knockdown SW620 cells. (L) Invasion ability of ABHD11‑AS1 knockdown SW620 cells. Magnification, x200. Scale 
bar: 50 µm. **P<0.01, ***P<0.001. CRC, colorectal cancer; sh, short hairpin.
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Figure 3. ABHD11‑AS1 interacts with EGFR and decreases EGFR phosphorylation. (A) RPISeq database was used to predict ABHD11‑AS1‑interacting 
proteins. (B) RIP assay revealed an interaction between EGFR and ABHD11‑AS1 in HCT116 and SW620 cells. (C) RNA pull‑down revealed an interac‑
tion between ABHD11‑AS1 and EGFR in HCT116 cells. (D) RNA pull‑down revealed an interaction between ABHD11‑AS1 and EGFR in SW620 cells. 
(E) Colocalization of ABHD11‑AS1 with EGFR. Scale bar, 5 µm. (F) Western blot analysis was conducted to assess the impact of altered ABHD11‑AS1 expres‑
sion on EGFR and ERK1/2 expression and phosphorylation. p‑, phosphorylated; RF, random forest; SVM, support vector machine; sh, short hairpin. **P<0.01.
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As RSV has varying degrees of cytotoxicity  (22), 
half‑maximal inhibitory concentration (IC50) values of RSV 
in HCT116 and SW480 cells were calculated. IC50 values 

of RSV were 57.16 in HCT116 and 65.12 µM in SW480 cells 
(Fig. 5A and B). CRC cell viability was inhibited by RSV 
in vitro, with a mean IC50 value of 60 µM.

Figure 4. Induction of EGFR overexpression abrogates ABHD11‑AS1‑mediated attenuation of proliferative and migratory behaviors in CRC cells. ABHD11‑AS1 
was overexpressed or knocked down in HCT116 and SW620 cells, respectively, and NSC228155 and chrysophanol were administered. (A) Western blot analysis 
of EGFR, ERK1/2, and EGFR and ERK1/2 phosphorylation in (A) HCT116 cells. (B) Western blot analysis of EGFR, ERK1/2, and EGFR and (B) SW620 
cells. (C) Effects of NSC228155 on colony formation capacities in HCT116 cells. (D) Effects of chrysophanol on colony formation capacities in SW620 cells. 
(E) Statistical graphs of colony formation assays in HCT116 cells. (F) Statistical graphs of colony formation assays in SW620 cells. (G) Effects of NSC228155 
on migration and invasion capacities of HCT116 cells. (H) Effects of chrysophanol on migration and invasion capacities of SW620 cells. (I) Statistical graphs 
of Transwell migration assays in HCT116 cells. (J) Statistical graphs of Transwell invasion assays in HCT116 cells. (K) Migration assays in SW620 cells. 
(L) Statistical graphs of Transwell invasion assays in SW620 cells. Scale bar, 50 µm. **P<0.01, ***P<0.001. CRC, colorectal cancer; p‑, phosphorylated; ns, not 
significant; sh, short hairpin.
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Figure 5. RSV decreases SPT6 protein and promotes ABHD11‑AS1 transcript levels to inhibit colorectal cancer progression. (A) HCT116 cells were treated 
with RSV and assayed for viability to calculate the IC50 values. (B) SW620 cells were treated with RSV and assayed for viability to calculate the IC50 
values. (C) RT‑qPCR was used to assess the impact of RSV on ABHD11‑AS1 transcript levels in HCT116 cells. (D) RT‑qPCR was used to assess the impact 
of RSV on ABHD11‑AS1 transcript levels in SW620 cells. (E) ABHD11‑AS1 overexpression plasmid was transfected into RSV‑treated HCT116 cells and 
colony formation was detected. (F) ABHD11‑AS1 interference plasmid was transfected into RSV‑treated SW620 cells and colony formation capacities were 
detected. (G) Statistical graphs of colony formation assays in HCT116 cells. (H) Statistical graphs of colony formation assays in SW620 cells. (I) ABHD11‑AS1 
overexpression plasmid was transfected into RSV‑treated HCT116 cells and migration and invasion capacities were detected. (J) ABHD11‑AS1 interference 
plasmid was transfected into RSV‑treated SW620 cells and migration and invasion capacities were detected. (K) Statistical graphs of Transwell migration 
assays in HCT116 cells. (L) Statistical graphs of Transwell invasion assays in HCT116 cells. (M) Statistical graphs of Transwell migration assays in SW620 
cells. (N) Statistical graphs of Transwell invasion assays in HCT116 cells. (O) ABHD11‑AS1 overexpression plasmid was transfected into RSV‑treated HCT116 
cells and proliferation capacities were detected. (P) ABHD11‑AS1 interference plasmid was transfected into RSV‑treated SW620 cells and proliferation 
capacities were detected. Scale bar, 50 µm. (Q) Western blot analysis was conducted to determine the effect of RSV on SPT6 protein levels. *P<0.05, **P<0.01, 
***P<0.001. RSV, resveratrol; SPT6, SPT6 homolog, histone chaperone and transcription elongation factor; IC50, half maximal inhibitory concentration; sh, 
short hairpin; ns, not significant.
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RSV significantly increased transcript levels of 
ABHD11‑AS1 (Fig. 5C and D). Furthermore, RSV did not affect 
the subcellular localization of ABHD11‑AS1 (Fig. S1G and H). 
To assess whether altered ABHD11‑AS1 transcript levels 
influenced effects of RSV, RSV‑treated HCT116 and SW480 
cells were transfected with plasmids carrying ABHD11‑AS1 
or ABHD11‑AS1 shRNA. Compared with control, RSV 
significantly inhibited proliferation, colony formation, wound 
healing, migration and invasion of HCT116 and SW620 cells 
(Fig.  5E, G‑I, K, L  and O). ABHD11‑AS1 overexpression 
further enhanced the inhibitory effects of RSV on HCT116 cell 
proliferation, colony formation, wound healing, migration and 
invasion. By contrast, ABHD11‑AS1 knockdown abolished the 
inhibitory effects of RSV on SW480 cell proliferation, colony 
formation, wound healing, migration and invasion (Fig. 5F, 
H, J, M, N and P). These results indicated that RSV inhibited 
proliferation, migration and invasion of HCT116 and SW480 
cells by increasing ABHD11‑AS1 transcript levels.

These data suggested that RSV increased ABHD11‑AS1 
transcript levels. A decrease in SPT6 expression results in 
conversion of the H3K36me3 histone mark from protein‑coding 
to lncRNA‑coding, which is associated with increased lncRNA 
transcription (23,24). Western blotting results suggested that 

RSV could reduce SPT6 protein expression (Fig. 5Q). These 
results indicated that RSV may exert antitumor effects by 
inducing SPT6 protein deletion.

Discussion

CRC is one of the three most common types of cancer in the 
world (2). A total of ~60% of patients with CRC have insidious 
presentation and the 5‑year survival rate is 30‑40% (25); thus, 
there is need to develop novel therapeutic targets to promote 
early diagnosis and precision treatment of CRC (Fig. 6).

lncRNAs serve roles in regulating expression of genes 
that are involved in tumor progression (26). Recent studies 
have shown that CCAT1, H19 and SNHG6, which are notably 
overexpressed in peripheral blood or cancer tissue of patients 
with CRC, are potential biomarkers for diagnosis and prog‑
nostic assessment of CRC (27‑29). In addition, autophagy‑, 
pyroptosis‑ and EMT‑associated lncRNAs may serve as 
biomarkers for diagnosis and prognosis of CRC (30‑32).

Dysregulated expression of lncRNAs contributes to tumor 
progression. lncRNAs serve opposite roles in different types 
of cancer. For example, H19 is highly expressed in skin squa‑
mous cell carcinoma tissue and cell lines and promotes cancer 

Figure 6. Molecular mechanism by which ABHD11‑AS1 inhibits CRC progression. ABHD11‑AS1 binds EGFR and inhibits the proliferation and metastasis of 
CRC cells by suppressing the EGFR/ERK signaling pathway. Resveratrol decreases SPT6 protein expression and increases transcript levels of ABHD11‑AS1, 
suggesting its potential application in CRC treatment. CRC, colorectal cancer; SPT6, SPT6 homolog, histone chaperone and transcription elongation factor.
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cell migration and invasion by inhibiting p53 expression (33). 
A study on osteosarcoma revealed that lncRNA H19 inhibits 
SNORA7A expression to suppress osteosarcoma progres‑
sion (9). lncRNA TINCR has been widely reported to be an 
oncogene that promotes the progression of numerous types of 
tumors (including cervical and colon cancer and hepatocel‑
lular carcinomas) (34‑36). However, TINCR can act as a tumor 
suppressor gene and inhibit the proliferation and metastasis 
of laryngeal squamous cell carcinoma cells by regulating the 
miR‑210/anti‑proliferation factor 2 axis (37). PVT1 was the 
first reported tumor‑associated lncRNA with pro‑oncogenic 
functions in various types of tumor (38,39). Promoter of PVT1 
functions as a tumor suppressor DNA element because MYC 
is located on the same TAD structure as PVT1 (40). SNHG1 
is associated with growth, metastasis, ferroptosis and chemo‑
resistance in various types of tumor (41,42). There are various 
perspectives on the role of SNHG1 in gastric cancer. One 
study reported that SNHG1 serves as a sponge for miR‑195‑5p, 
targeting Yes‑associated protein 1 to promote the proliferation 
of gastric cancer cells (43). Another study demonstrated that 
SNHG1 inhibits invasion of gastric cancer cells by regu‑
lating the suppressor of cytokine signaling 2/JAK2/STAT 
pathway  (44). Here, ABHD11‑AS1 expression was down‑
regulated in TCGA COAD and READ datasets compared 
with normal dataset. The present experiments confirmed that 
ABHD11‑AS1 has an antitumor function. Although other 
studies (45,46) have demonstrated that ABHD11‑AS1 expres‑
sion is elevated in TCGA COAD and READ data relative to 
TCGA and Genotype‑Tissue Expression (GTEx) normal data, 
this may be attributed to differences in the cited sources, as 
GTEx encompasses 54 distinct tissue organ sites (such as brain 
and whole blood).

ABHD11‑AS1 interacts with and upregulates cyclin D1 in 
endometrial cancer (47). The ABHD11‑AS1/miR‑1231/cyclin 
E1 axis may regulate the proliferation of pancreatic cancer 
cells (48). Notably, knockdown of ABHD11‑AS1 and EGFR 
inhibits proliferation of cervical cancer SiHa and Hela cells 
by downregulating cyclin D1 (49). To the best of our knowl‑
edge, there is a lack of evidence indicating a direct impact of 
ABHD11‑AS1 on expression of cyclin superfamily proteins 
in CRC cells and associations between ABHD11‑AS1 and 
cyclin‑dependent kinase, cyclin‑dependent kinase inhibitor 
(CKI) and cyclin‑dependent kinase activating kinase (CAK) 
superfamily proteins; however, it is hypothesized that 
ABHD11‑AS1 may influence the cell cycle in CRC (50).

RSV is a polyphenolic antioxidant with a wide range 
of functions, including anti‑inflammatory and antioxidant 
effects  (51). It also inhibits tumor growth and prevents 
tumorigenesis. RSV inhibits the proliferation and invasion 
of colon cancer cells and promotes apoptosis by modulating 
EMT, activating the BMP/Smad signaling and reactive oxygen 
species‑mediated mitochondrial apoptosis pathway (20,52). 
Notably, RSV may exert antitumor effects by altering lncRNA 
expression. For example, RSV modulates the expression of the 
lncRNA ZFAF1, thereby enhancing the efficacy of paclitaxel 
in non‑small cell lung cancer (53). The antitumor effect of 
RSV in CRC was first reported to involve the inhibition of 
cancer cell invasion and metastasis via downregulation of 
lncRNA MALAT1 (54). These findings suggest that RSV may 
have potential as a therapeutic agent for CRC. Combination of 

RSV and BIBR1532 (a telomerase inhibitor) exerts an antip‑
roliferative effect by downregulating expression of lncRNAs, 
including CCAT1, CRNDE, HOTAIR, PCAT1, PVT1 and 
SNHG16 (55). Here, RSV enhanced ABHD11‑AS1 transcript 
levels to suppress the malignant behavior of CRC cells, which 
may be mediated by SPT6 deletion.

SPT6 is a conserved histone chaperone and transcription 
elongation factor that serves a key role in the transcription 
elongation process (56). Recent studies have also demonstrated 
its impact on lncRNA transcription. The phosphorylation of 
RNA polymerase II, coupled with loss of SPT6 expression, 
may promote transcription of lncRNAs (23,57,58). Decreased 
SPT6 expression leads to the conversion of the H3K36me3 
histone mark from protein‑ to lncRNA‑coding, potentially 
increasing lncRNA transcription (23). In RSV‑treated HCT116 
and SW620 cells, SPT6 was downregulated. Silencing SPT6 
has been shown to inhibit the growth and metastasis of 
human‑derived colon cancer cell xenograft tumors (59). These 
results suggest that RSV may target ABHD11‑AS1 via SPT6 to 
exert an antitumor effect.

To investigate potential downstream molecules of 
ABHD11‑AS1, the present study conducted bioinformatics 
analysis and identified EGFR as one of its interacting proteins. 
Previous studies have shown that ABHD11‑AS1 regulates expres‑
sion and phosphorylation of EGFR (49,60,61). Furthermore, RNA 
pull‑down and RIP assays revealed formation of lncRNA‑protein 
complexes between ABHD11‑AS1 and EGFR. Induction of 
EGFR overexpression impaired the tumor‑suppressive effect of 
ABHD11‑AS1 in CRC cells. EGFR is a key target for the clinical 
treatment of CRC, as it is generally highly expressed in patients 
with CRC (62). The present results indicated that downregulation 
of ABHD11‑AS1 expression may be a causative factor for EGFR 
phosphorylation upregulation in CRC.

In summary, ABHD11‑AS1 inhibited proliferation 
and invasion of CRC cells by binding EGFR proteins and 
suppressing EGFR phosphorylation. In addition, RSV 
increased ABHD11‑AS1 transcript levels, which inhibited 
proliferation and invasion of CRC cells. The present findings 
may provide novel biomarkers for CRC prognosis and new 
targets for CRC treatment.
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