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ELK1-mediated upregulation of IncRNA LBX2-AS1
facilitates cell proliferation and invasion via regulating
miR-491-5p/S100A11 axis in colorectal cancer
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Abstract. The aim of the present study was to investigate the
role and regulatory mechanism of LBX?2 antisense RNA 1
(LBX2-AS1) in colorectal cancer. Firstly, LBX2-ASI1 expres-
sion was detected using reverse transcription-quantitative
PCR in colorectal cancer tissues and cells, and its prognostic
and diagnostic efficacy was assessed in a colorectal cancer
cohort (n=145). Subcellular fractionation assay of LBX2-AS1
was performed. Secondly, the effects of LBX2-AS1 and
microRNA (miR)-491-5p on colorectal cancer cell prolifera-
tion, apoptosis, migration and invasion were investigated by
a series of functional assays. Thirdly, RNA immunoprecipi-
tation, dual-luciferase reporter and gain and loss of function
assays were carried out to analyze the interactions between
ETS transcription factor ELK1 (ELK1) and LBX2-ASI, as
well as LBX2-AS1, miR-491-5p and S100A11. The results
showed that LBX2-AS1 was upregulated both in colorectal
cancer tissues and cells, which was distributed in the cyto-
plasm and nucleus of colorectal cancer cells. Clinically, high
LBX2-ASI expression could be an independent prognostic
factor for colorectal cancer. Furthermore, relative operating
characteristic curve analysis showed that LBX2-AS1 was
a sensitive diagnostic marker for colorectal cancer. Highly
expressed ELK1, as a transcription factor, could bind to the
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two conserved sites in the promoter region of LBX2-ASI,
thereby activating the transcription of LBX2-AS1. Silencing
LBX2-AS1 markedly inhibited proliferative, migratory
and invasive abilities of colorectal cancer cells. miR-491-5p
expression was downregulated, while S1I00A11 expres-
sion was upregulated in colorectal cancer tissues and cells.
Dual-luciferase reporter assays confirmed that LBX2-AS1
could block S100A11 degradation via competitively binding
to miR-491-5p. Furthermore, LBX2-AS1 overexpression could
notably reverse the inhibitory effect of miR-491-5p on prolif-
eration and invasion of colorectal cancer cells. Taken together,
LBX2-AS1 induced by transcription factor ELK1 may
facilitate colorectal cancer cell proliferation and invasion via
regulation of the miR-491-5p/S100A11 axis. Thus, LBX2-ASI
could be an underlying prognostic and diagnostic marker for
colorectal cancer.

Introduction

Colorectal cancer is one of the most frequently diagnosed
malignancies, characterized by unfavorable morbidity and
mortality rates (1). Despite advancements in treatment strate-
gies, including surgical resection, chemotherapy, radiotherapy,
targeted therapy and immunotherapy, the overall survival (OS)
time of patients with colorectal cancer has not been markedly
prolonged (2-4). Postoperative recurrence and metastasis of
colorectal cancer have been considered as the main causes
of death (5). Thus, there is an urgent requirement to actively
search for reliable molecules involved in the pathogenesis of
colorectal cancer.

It has been widely accepted that long-term effects of envi-
ronmental factors and genetic inheritance could contribute to
colorectal cancer progression (6). Extensive research findings
have shown that the multi-level regulation of protein coding
genes by non-coding RNA (ncRNA) may be associated with
colorectal cancer progression (7-9). The Encyclopedia of DNA
elements project launched in 2003 has found that nearly 65%
of genes are transcribed into ncRNAs (7-9). Long ncRNA
(IncRNA; >200 bp), a class of ncRNAs, accounts for >80%
of all ncRNAs (7-9). LncRNAs have a variety of biological
functions and are widely involved in various cellular activi-
ties (10). It has been confirmed that LBX2 antisense RNA1
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(LBX2-AS1), whichis located on 2p13.1, may drive the progres-
sion of several cancers, including esophageal squamous cell
carcinoma (11), lung carcinoma (12), gastric carcinoma (13)
and liver cancer (14), by binding with various microRNAs
(miRNAs/miRs) such as miR-219a-2-3p, miR-4685-5p,
miR-491-5p and miR-4766-5p. Nonetheless, the role and regu-
latory mechanisms of LBX2-AS1 in colorectal cancer remain
to be elucidated.

Recent studies have shown that a number of transcription
factors are abnormally expressed in tumors and participate
in the induction of IncRNA expression (15-17). Furthermore,
IncRNA can serve as competing endogenous RNAs to block
the effect of miRNA on mRNA, thereby indirectly enhancing
the stability of mRNA and increasing the expression of
mRNA (18-20). The present study aimed to investigate the role
and regulatory mechanism of LBX2-ASI1 in colorectal cancer.

Materials and methods

Tissue specimens. Overall, 145 colorectal cancer tissues and
corresponding adjacent normal tissues were gathered from the
Affiliated Huai'an No. 1 People's Hospital of Nanjing Medical
University (Huai'an, China) between January 2014 and July
2015. None of the patients had been treated with chemo-
therapy or radiotherapy prior to operation. All specimens were
confirmed by at least two pathologists as colorectal cancer.
Normal colorectal mucosa epithelium tissues >5 cm from the
edge of the tumor were obtained as adjacent normal controls.
Complete clinical information was collected and all patients
were followed up for >60 months. Among them, 10 cases of
colorectal cancer tissue specimens and corresponding adjacent
normal tissues were used for microarray analysis (Shanghai
OE Biotech Co., Ltd.). Differentially expressed genes were
visualized into a heatmap via the R language package
(version 3.4.1) (21). This study strictly followed the Declaration
of Helsinki and acquired the approval of the ethics committee
of the Affiliated Huai'an No. 1 People's Hospital of Nanjing
Medical University (approval no. 2014059). All participants
provided signed informed consent.

Bioinformatics analysis. LBX2-AS1, ETS transcription factor
ELK1 (ELK1) and S100A11 expression levels were evaluated
in colorectal cancer tissues and normal tissues in The Cancer
Genome Atlas (TCGA)/The Genotype-Tissue Expression
(GTEx) database using the GEPIA tool (http://gepia2.
cancer-pku.cn/) (22). Using this tool, the differences in
LBX2-AS1 or SI00A11 expression among different stages
(TNM stages I-1IT and IV) were also assessed in colorectal
cancer samples (22). Overall and disease-free survival
analyses were performed between high and low LBX2-AS1
expression groups using the GEPIA tool (22). Transcription
factors that could bind to the promoter of LBX2-AS1 were
predicted through comprehensive analysis of the JASPAR
(http://jaspar.genereg.net) (23) and PROMO (http://alggen.Isi.
upc.es/cgi-bin/promo_v3/promo/promoinit.cgi?dirDB=TF_8.3)
databases (24). Subcellular locations of LBX2-AS1 were
predicted via the IncATLAS (http:/Incatlas.crg.eu/) (25) and
IncLocator (http://www.csbio.sjtu.edu.cn/bioinf/IncLocator/)
databases (26). The starBase version 3.0 (http://starbase.sysu.
edu.cn/) database (27) was employed to predict target miRNAs

of LBX2-AS1. The correlation between hsa-miR-491-5p and
LBX?2-ASI1 expression was determined using Pearson's correla-
tion in the starBase database. Differentially expressed genes
(DEGs) with llog2fold-changel>1 and P<0.05 were analyzed
between colorectal cancer and normal tissues in TCGA data-
base, which were visualized into heatmap and volcano plots
using the R language package (version 3.4.1) (21). From the
UALCAN database (http://ualcan.path.uab.edu/), SI00A11
expression was detected in colorectal cancer and normal
tissues using data from the Clinical Proteomic Tumor Analysis
Consortium (CPTAC) dataset (28). Furthermore, SI00A11
expression was determined in a pan-cancer analysis using the
GEPIA tool (22).

Cell culture. Human normal colorectal mucosa FHC cell
line, three colon cancer cell lines (including LoVo, SW620
and HCT116) and one colorectal cancer cell line HT29 that
were authenticated by STR profiling were acquired from
American Type Culture Collection (ATCC). Cells were
grown in RPMI-1640 medium (HyClone; Cytiva) with 10%
FBS (HyClone; Cytiva), 100 U/ml penicillin and 100 ug/ml
streptomycin at 37°C and 5% CO, in a humidified incubator.

Reverse transcription-quantitative PCR (RT-gPCR). RNA
extraction from cells or tissues was carried out using TRIzol®
reagent (Invitrogen; Thermo Fisher Scientific, Inc.). RNA
concentration and OD value of 2 ul RNA solution were
determined using a NanoDrop™ 2000 ultra-micro spectropho-
tometer (NanoDrop Technologies; Thermo Fisher Scientific,
Inc.). Reverse transcription was performed using PrimeScript
RT Reagent kit (Takara Biotechnology Co., Ltd.) at 37°C for
45 min and at 85°C for 5 min. GAPDH was regarded as an
internal reference. qPCR was performed using SYBR Premix
EX Taq II (Takara Bio, Inc.) and the ABI 7900 fluorescence
quantitative PCR instrument (Applied Biosystems; Thermo
Fisher Scientific, Inc.). The thermocycling conditions were
as follows: 94°C for 2 min; 40 cycles of 94°C for 15 sec and
60°C for 45 sec. Primer sequences are listed in Table 1. The
expression levels of LBX2-AS1, ELK1 and S100A11 were
normalized to GAPDH, while miR-491-5p expression was
normalized to U6. Relative expression levels were determined
using the 2244 method (29).

Transfection. SW620 and HT29 cells (3.0x10°) were incu-
bated in a 6-well plate for 24 h. Then, 2 ug small interfering
RNAs (siRNAs) targeting ELK1 (5'-AACCACCCGCCACTC
TTCCT-3'; Shanghai GenePharma Co., Ltd.) and LBX2-AS1
(5'-CCAUUAAUUCAGCAAACAUUCCUTT-3'; Shanghai
GenePharma Co., Ltd.) and corresponding scramble siRNA
controls (5'-UUCUCCGAACGUGUCACGUTT-3"; Shanghai
GenePharma Co., Ltd.) were separately transfected into each
well via PowerFect™ In Vitro siRNA Transfection Reagent
(SignaGen Laboratories). A total of 2 ug pcDNA3.1-ELK1,
pcDNA3.1-LBX2-AS1 plasmids and corresponding empty
vectors (Shanghai GenePharma Co., Ltd.), which were used
as controls, were added to each well via Lipofectamine® 2000
(Invitrogen; Thermo Fisher Scientific, Inc.). Furthermore,
50 nM miR-491-5p mimics (5-"AGUGGGGAACCCUUCCAU
GAGG-3"; Shanghai GenePharma Co.,Ltd.) and mimic negative
controls (NCs; 5-CAGCUGGUUGAAGGGGACCAAA-3"
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Table I. Primer sequences for reverse transcription-quantitative
PCR.

Genes Primer sequences (5'—3")
LBX2-AS1 F: ATAGCTCATGTCCTGTCCTTC
R: ACTTCCTTGTTGCCGATATC
ELK1 F: TTGTGTCCTACCCAGAGGTTG
R: GCTATGGCCGAGGTTACAGA
miR-491-5p F: GGAGTGGGGAACCCTTCC
R: GTGCAGGGTCCGAGGT
S100A11 F: GCGGGAAGGATGGAAACAACA
R: TCATCATGCGGTCAAGGACAC
GAPDH F: GGAGCGAGATCCCTCCAAAAT
R: GGCTGTTGTCATACTTCTCATGG
U6 F: GGCAGATCAATGTTTCCACAGA
R: CAGTACCGACAACTGAGAGGA

F, forward; R, reverse; LBX2-AS1, LBX2 antisense RNA 1;
miR, microRNA; ELK]1, ETS transcription factor ELK1.

Shanghai GenePharma Co., Ltd.) were transfected into cells.
After transfection for 48 h at room temperature, RT-qPCR was
performed to validate transfection efficacy.

RNA immunoprecipitation (RIP) assay. RIP was performed
using RNA Binding Protein Immunoprecipitation kit (EMD
Millipore). SW620 and HT29 cells were lysed using RIP
lysis buffer (Beyotime Institute of Biotechnology). The
lysate was centrifuged at 12,000 x g for 30 min at 4°C, and
the supernatant was incubated with magnetic beads coated
with anti-IgG antibody (cat. no. ab109489; Abcam) overnight
at 4°C, followed by digestion with proteinase K buffer. The
beads were washed three times with the washing buffer
(50 mM Tris-HCI, 300 mM NaCl pH 7.4, 1 mM MgCl,, 0.1%
NP-40). The immunoprecipitation RNA was extracted using
TRIzol® (Beyotime Institute of Biotechnology) and analyzed
via RT-qPCR.

Dual-luciferase reporter assay. Luciferase reporter vector
(Shanghai GenePharma Co.,Ltd.) with the LBX2-AS1 promoter
-2,500 kb ~ +245 bp full sequence and LBX2-AS1 promoter
deletion plasmids were transfected into 293T cells (ATCC)
using Lipofectamine® 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.). The fluorescence signal was monitored after
24 h of transfection. LBX2-AS1 wild-type (LBX2-AS1-wt) and
mutant (LBX2-AS1-mut), SIO0A11 wild-type (SI00A11-wt)
and mutant (S100A11-mut) sequences were inserted into the
pmirGLO vector (Promega Corporation). Mutant sequences
were generated using a Hieff Mut™ Site-Directed Mutagenesis
kit (cat. no. 11003ES10; Shanghai Yeasen Biotechnology Co.,
Ltd.). miR-491-5p mimics/controls were co-transfected with
LBX2-AS1-wt/LBX2-AS1-mut or SI00A11-wt/S100A11-mut
using Lipofectamine 2000. After 48 h, the cells were collected
and luciferase activity was determined using a Dual-Luciferase
Reporter Assay System (Beyotime Institute of Biotechnology).
These results were standardized in line with Renilla luciferase
activity.

Cell counting kit-8 (CCK-8) assay. SW620 and HT?29 cells
(2.5x10%) were seeded into a 96-well plate for 2-3 h. Then,
10 pl CCK-8 reagent (Beyotime Institute of Biotechnology)
was added to the corresponding wells. Cells were taken out
24,48, 72 and 96 h after inoculation, and the absorbance was
tested at 450 nm utilizing an automatic microplate reader
(Bio-Rad Laboratories, Inc.).

Clone formation assay. SW620 and HT29 cells were seeded
into a 6-well plate (3,000 cells/well). Then, 2.5 ml complete
medium (HyClone; Cytiva) was added to each well and cells
were cultured for 10-14 days. After discarding the superna-
tant, the cells were fixed with 4% paraformaldehyde at room
temperature for 15 min and stained with 2% crystal violet
staining solution at room temperature for 10 min. Finally,
the colony number was counted. A colony was defined as
consisting of at least 50 cells.

Flow cytometry assay. SW620 and HT29 cell apoptosis
assay was carried out using an Annexin V-APC/PI apoptosis
detection kit (Nanjing KeyGen Biotech Co., Ltd.) in the dark,
according to the manufacturer's instructions. Early and late
apoptotic cells were detected using a BD Accuri™ C6 Plus
Flow Cytometer (BD Biosciences) at an excitation wavelength
of 488 nm. The results were analyzed using FlowJo software
(version 10.6.2; FlowJo LLC).

ELISA. Caspase-3 and caspase-9 levels in SW620 and HT29
cells were examined using caspase-3 (cat. no. ab39401; Abcam)
and caspase-9 (cat. no. ab65608; Abcam) ELISA Kkits.

Wound healing assay. Serum-starved SW620 and HT29
cells were seeded onto a 6-well plate (5x10° cells/well) over-
night. Cells were incubated at 37°C until they reached 100%
confluence. A 200-ul1 tip was used to scratch the plate. After
removing the scratched cells, the 6-well plate was placed in a
5% CO, incubator at 37°C. The images were observed under a
light microscope (magnification, x100; Olympus Corporation)
at 0 and 48 h. The migratory rate was measured by quantifying
the total distance that cells migrated from the edge of the
wound towards the center of the wound.

Transwell assay. Transwell inserts (Costar; Corning, Inc.) were
incubated with 50 p1 diluted Matrigel (BD Biosciences) at 37°C
for 1 h. Cells (1x10°) were seeded onto the upper chamber of
the Transwell insert with 600 u1 medium without FBS. In the
lower chamber of the Transwell plate, 600 xl medium with
10% FBS was added. After 48 h at 37°C, the invaded cells
were fixed with 4% paraformaldehyde at room temperature for
15 min and stained with 2% crystal violet staining solution
at room temperature for 10 min. These results were investi-
gated under an inverted microscope (magnification, x200).
The non-invaded cells were wiped off and the number of cells
passing through the Matrigel was counted. Cells in five random
fields were counted using ImageJ software (version 1.8.0;
National Institutes of Health).

Western blotting. SW620 and HT29 cells or tissues were lysed
using RIPA lysis buffer (cat. no. PO013B; Beyotime Institute
of Biotechnology) on ice. Protein concentration was detected
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using a BCA detection kit (cat. no. P0009; Beyotime Institute
of Biotechnology). Protein samples (20 pg) were subjected to
10% SDS-PAGE, and subsequently transferred onto PVDF
membranes. The membrane was then blocked with 5% skimmed
milk powder blocking solution at room temperature for 2 h,
followed by incubation overnight at 4°C with primary anti-
bodies against N-cadherin (1:1,000; cat. no. ab76057; Abcam),
vimentin (1:1,000; cat. no. 5741; Cell Signaling Technology,
Inc.), SI00A11 (1:1,000; cat. no. ab180593; Abcam), GAPDH
(1:1,000; cat. no. ab181602, Abcam). Subsequently, membranes
were incubated with secondary antibodies (1:1,000; cat.
no. ab97080; Abcam) at room temperature for 1 h. The blots
were visualized by an ECL kit (KGP1121; KeyGen Biotech
Co., Ltd.). The optical density was measured with ImageJ
software (version 1.8.0; National Institutes of Health).

Subcellular fractionation assay. According to the manu-
facturer's instructions, the cellular cytoplasmic and nuclei
fractions were isolated using the Cytoplasmic & Nuclear
RNA Purification kit (cat. no. 37400; Norgen Biotek Corp.).
Cytoplasmic and nuclear LBX2-AS1 levels were detected via
RT-qPCR.

Statistical analysis. SPSS 23.0 software (IBM Corp.)
and GraphPad Prism 8.0 (GraphPad Software, Inc.) were
used for statistical analyses. All data are presented as the
mean + standard deviation from at least three repeats.
Comparisons between normal tissues and tumor tissues were
analyzed using a paired Student's t-test. Other comparisons
between two groups were analyzed using an unpaired Student's
t-test. One-way ANOVA followed by post hoc Tukey's test was
utilized to assess the differences between multiple groups.
The differences in clinicopathological parameters between
high and low LBX2-ASI expression samples were analyzed
using a Chi-squared test. Univariate and multivariate Cox
regression analyses were conducted to analyze the associa-
tion between LBX2-ASI1 and patient prognosis. For survival
analysis, 145 patients with colorectal cancer were stratified
into high- and low-expression groups based on the median
value of LBX2-AS1 expression. Kaplan-Meier survival curve
and log-rank test were performed to assess the differences and
OS and disease-free survival (DFS) time between high- and
low-expression groups. A receiver operating characteristic
(ROC) curve was plotted to validate the diagnostic efficacy of
LBX2-AS1. P<0.05 was considered to indicate a statistically
significant difference.

Results

LBX2-AS1 is a promising diagnostic and prognostic
marker for patients with colorectal cancer. According to
the microarray profile, LBX2-AS1 expression was higher in
colorectal cancer tissues compared with that in normal tissues
(Fig. 1A). Using the GEPIA database, it was found that there
was a distinct difference in LBX2-AS1 expression between
colorectal cancer tissues (n=349) and normal tissues (n=275),
as presented in Fig. 1B. Moreover, LBX2-AS1 expression was
upregulated among different clinical stages (Fig. 1C). In total,
145 patients with colorectal cancer were included in the present
study. The results of RT-qPCR showed that LBX2-AS1 was

significantly upregulated in colorectal cancer tissues (Fig. 1D).
Furthermore, the differences in its expression between
stage I-1I and III-IV were determined. As shown in Fig. 1E,
expression of LBX2-AS1 was higher at stage III-IV compared
with stage I-II, indicating that it was associated with the
severity of colorectal cancer. Also, compared with the human
normal colorectal mucosa FHC cell line, LBX2-AS1 was
significantly elevated in the four colorectal cancer cell lines
(Fig. 1F). The ROC results suggested that LBX2-AS1 could
possess a useful diagnostic function for the cohort of patients
with colorectal cancer included in the present study (Fig. 1G).
High LBX2-ASl1 expression had a positive association with
poorer OS (Fig. 1H), but not DFS (Fig. 11), using data from
TCGA database. The 145 patients with colorectal cancer from
the present study were separated into high- and low-expres-
sion groups based on the cutoff of LBX2-AS1 expression.
Consistently, high expression of LBX2-AS1 suggested shorter
OS time (Fig. 1J) and poorer DFS (Fig. 1K). The associa-
tion between LBX2-AS1 expression and clinicopathological
features of patients with colorectal cancer was then calculated.
Significant associations between the expression of LBX2-ASI
with lymph node metastasis and TNM stage were found, and
are presented in Table II. After multivariate Cox regression
analysis, LBX2-AS1 expression was found to be a potential
independent prognostic factor for colorectal cancer (Table III).
The aforementioned results suggested that LBX2-AS1 was
elevated both in colorectal cancer tissues and cells, and could
be a potential diagnostic and prognostic biomarker for patients
with colorectal cancer.

Transcription factor ELKI mediates the upregulation of
LBX2-AS1 in colorectal cancer cells. To thoroughly explore
the molecular mechanisms regarding the upregulation of
LBX2-AS1 in colorectal cancer, 19 transcription factors that
could bind to the promoter of LBX2-AS1 were predicted
(Fig. 2A). Among them, ELK1 was upregulated in colorectal
cancer samples in comparison with normal samples using
TCGA database (Fig. 2B). In the patients with colorectal
cancer included in the present study, ELK1 expression was
significantly higher in colorectal cancer tissues in comparison
with normal tissues (Fig. 2C). Moreover, higher ELK1 expres-
sion was found in colorectal cancer cells compared with in
FHC cells (Fig. 2D). To observe whether ELK1 could mediate
the expression of LBX2-ASI1, two colorectal cancer cell lines,
HT29 and SW620, which were chosen as they exhibited the
lowest expression of LBX2-AS1 (Fig. 1F), were transfected
with si-ELK1 and pcDNA-ELKI1 (Fig. 2E). LBX2-AS1 expres-
sion was significantly downregulated in colorectal cancer cells
transfected with si-ELK1 compared with those transfected
with the si-NC. LBX2-AS1 expression was significantly higher
in colorectal cancer cells transfected with pcDNA-ELK1
compared with the empty vector group (Fig. 2F). The RIP assay
demonstrated that ELK1 could directly bind to the promoter
region of LBX2-AS1 (Fig. 2G). As presented in Fig. 2H, the
dual-luciferase reporter assay demonstrated that two binding
sites (site 1, -437 ~ -405; site 2, -346 ~ -329) on the promoter
region of LBX2-AS1 could be involved in transcriptional
activation of ELK1. As expected, relative luciferase activity
was significantly increased in colorectal cancer cells trans-
fected with pcDNA-ELK1 compared with the empty vector
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Figure 1. High LBX2-AS1 expression is a promising diagnostic and prognostic biomarker for patients with colorectal cancer. (A) Heatmap depicting aberrantly
expressed IncRNAs between 10 pairs of colorectal cancer specimens and normal specimens. Red, upregulation; green, downregulation. (B) The difference in
expression pattern of LBX2-AS1 between colorectal cancer samples and normal samples from TCGA database. (C) The difference in LBX2-AS1 expression
among different clinical stages of colorectal cancer from TCGA database. (D) Box plots showing the expression levels of LBX2-AS1 between colorectal cancer
and normal tissues from a total of 145 colorectal cancer cohort according to RT-qPCR. (E) Box plots showing the difference in LBX2-ASI1 expression between
stage III-I'V and I-II. “P<0.01. (F) RT-qPCR results demonstrated high LBX2-AS1 expression in colorectal cancer cell lines. “P<0.01 vs. FHC cells. (G) AUC
of receiver operating characteristic curve was 0.7595 and P<0.0001, indicating a high sensitivity and accuracy of LBX2-ASl1 for colorectal cancer diagnosis.
In TCGA database, LBX2-AS1 expression was associated with (H) OS, but not (I) DFS. (J and K) Among 145 patients with colorectal cancer, LBX2-AS1
expression had a positive association with poorer OS and DFS. LBX2-AS1, LBX2 antisense RNA 1; IncRNA, long non-coding RNA; TCGA, The Cancer
Genome Atlas; RT-qPCR, reverse transcription-quantitative PCR; AUC, area under the curve; OS, overall survival; DFS, disease-free survival; GEPIA, Gene

Expression Profiling Interactive Analysis.

group (Fig. 2I). After deletion of binding site 2 of LBX2-AS1,
relative luciferase activity was also significantly increased
in colorectal cancer cells transfected with pcDNA-ELK1
compared with the empty vector group. However, after dele-
tion of binding site 1 of LBX2-ASI1, pcDNA-ELK1 did not
change the luciferase activity compared with the empty vector
group (Fig. 21). Furthermore, it was found that relative lucif-
erase activity was significantly decreased in colorectal cancer
cells transfected with si-ELK1 compared with si-NC group
(Fig. 2J). These findings revealed that ELK1 could induce
LBX?2-ASI1 upregulation in colorectal cancer cells.

Suppression of LBX2-AS1 inhibits colorectal cancer cell
proliferation and promotes apoptosis. Two siRNAs against
LBX2-AS1 were synthesized and transfected into HT29 and
SW620 cells. RT-qPCR results verified that LBX2-AS1 was
efficiently silenced in cells (Fig. 3A). According to CCK-8
assay results, si-LBX2-AS1 significantly suppressed the

viability of colorectal cancer cells (Fig. 3B). Furthermore, the
clone formation ability of HT29 or SW620 colorectal cancer
cells was significantly suppressed after transfection with
si-LBX2-AS1 (Fig. 3C). As shown in Fig. 3D, si-LBX2-ASI
significantly promoted the apoptosis of colorectal cancer
cells. Following transfection with si-LBX2-ASl1, caspase-3
and caspase-9 levels were significantly higher compared with
the si-NC group (Fig. 3E). Therefore, these findings suggested
that suppression of LBX2-AS1 may inhibit proliferation and
induce apoptosis in colorectal cancer cells.

Silencing LBX2-AS1 suppresses migration, invasion and
epithelial-mesenchymal transition (EMT) in colorectal
cancer cells. After silencing LBX2-AS1 expression, the
migratory ability of HT29 and SW620 cells was significantly
suppressed (Fig. 4A and B). Furthermore, the number of
invasive cells was significantly lower in colorectal cancer cells
transfected with si-LBX2-AS1 (Fig. 4C). Additionally, the
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Table II. Association between LBX2-AS1 expression and
clinicopathological features of patients with colorectal cancer.

LBX2-AS1
expression, n
Parameters Total,n High Low P-value
Sex 0.949
Male 78 40 38
Female 67 34 33
Age, years 0.737
<60 71 37 34
=60 75 37 38
Tumor size, cm 0.207
<5 92 43 49
=5 52 30 22
Lymph node metastasis 0.011°
Negative 109 49 60
Positive 36 25 11
TNM stage 0.028*
I-11 102 46 56
I-1v 43 28 15

P<0.05. LBX2-AS1, LBX2 antisense RNA 1; TNM, tumor node
metastasis.

expression of EMT-related proteins in colorectal cancer cells
was investigated. As expected, western blotting results showed
that N-cadherin and vimentin protein expression was reduced
in HT29 and SW620 cells transfected with si-LBX2-AS1
(Fig. 4D and E), indicating that the EMT process of colorectal
cancer cells was blocked after silencing LBX2-ASI.

LBX2-ASI serves as a sponge of hsa-miR-491-5p in
colorectal cancer cells. LBX2-AS1 was mainly distributed
in the nucleus and cytoplasm (Fig. SA and B). In HT29 and
SW620 colorectal cancer cells, LBX2-AS1 expression was
detected in the nucleus and cytoplasm (Fig. 5C), which was
consistent with the prediction results. Using the starBase
database, potential target miRNAs of LBX2-AS1 were
predicted. To observe which miRNAs could directly bind to
LBX2-ASI, dual-luciferase reporter assays were performed
after LBX2-AS1 wild-type was co-transfected with NC,
miR-3174 mimics, miR-627-5p mimics, miR-151b mimics,
miR-627-5b mimic, miR-491-5p mimics or miR-650 mimics.
The results confirmed that only hsa-miR-491-5p mimics and
LBX2-AS1 wild-type co-transfection could significantly
reduce relative luciferase levels (Fig. 5D and E). LBX2-AS1
was weakly negatively correlated with hsa-miR-491-5p in
450 cases of colorectal cancer specimens from the starBase
database (Fig. 5F). The RT-qPCR results demonstrated that
hsa-miR-491-5p expression was decreased in colorectal
cancer tissues (Fig. 5G) and cells (Fig. 5SH). As expected, there
was a moderate negative correlation between hsa-miR-491-5p
and LBX2-AS1 expression, which was validated among
145 patients with colorectal cancer included in the present

Table III. Multivariate Cox regression analysis of clinicopath-
ological features and LBX2-AS1 expression in the prognosis
of patients with colorectal cancer.

A, Overall survival

Variables HR 95% CI P-value
Sex 1.223  0.643-2.173 0.361
Age, years 1462  0.783-2.018 0.218
Tumor size, cm 1.656 0.827-2.218 0.187
Lymph node metastasis ~ 3.017 1.216-4.775 0.021*
TNM stage 2.896 1.385-4.452 0.027*
LBX?2-AS1 expression 3.163 1.375-4.882 0.015*
B, Disease-free survival

Variables HR 95% CI P-value
Sex 1364  0.732-2.018 0.168
Age, years 1.271 0.832-2.217 0.185
Tumor size, cm 1.327 0.562-2.326 0.125
Lymph node metastasis ~ 3.256 1.317-4.882 0.009°
TNM stage 3017 1.462-4.776 0.011*
LBX2-AS1 expression 3.325 1.426-5.127 0.003°

1P<0.05; "P<0.01. LBX2-AS1, LBX2 antisense RNA 1; TNM, tumor
node metastasis; HZ, hazard ratio; CI, confidence interval.

study (Fig. 5I). To observe the regulatory mechanisms of
hsa-miR-491-5p, hsa-miR-491-5p was successfully over-
expressed by miR-491-5p mimics (Fig. 5J). Dual-luciferase
reporter results confirmed that, when miR-491-5p mimics
and LBX2-AS1-WT were co-transfected into cells, relative
luciferase activity was significantly decreased (Fig. 5K).
Furthermore, after transfection with si-LBX2-AS1,
hsa-miR-491-5p expression was significantly elevated in two
colorectal cancer cells (Fig. 5L). Conversely, LBX2-AS1
expression was significantly suppressed in cells transfected
with miR-491-5p mimics (Fig. 5M). Thus, LBX2-AS1 may
serve as a sponge of hsa-miR-491-5p in colorectal cancer cells.

S100A11 is highly expressed in colorectal cancer and acts as
a potential target of miR-491-5p. The heatmap presented in
Fig. 6A shows the differences in expression patterns of the top
25 DEGs between colorectal cancer and normal tissues. Also,
these genes were visualized into volcano plots (Fig. 6B). Among
them, SI00A11 was highly expressed both in TCGA database
(Fig. 6C) and TCGA/GTEx database (Fig. 6D). Furthermore,
there was a difference in SI00A11 expression among different
clinical stages (Fig. 6E). From the UALCAN database, high
S100A11 expression was found in colorectal cancer using data
from the CPTAC dataset (Fig. 6F). In addition, hsa-miR-491-5p
was weakly correlated with S1I00A11 in a dataset from the
starBase database (Fig. 6G). SI00A11 was highly expressed in
a number of cancer types, except colorectal cancer (Fig. 6H).
Results of RT-qPCR confirmed that SI00A11 expression was
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Figure 2. ELK1 induces LBX2-ASI upregulation in colorectal cancer cells. (A) A total of 19 transcription factors were predicted for LBX2-AS1 using the
JASPAR and PROMO databases. (B) Differentially expressed transcription factor ELK1 was found in colorectal cancer according to The Cancer Genome Atlas
database. "P<0.05. (C) High ELK1 expression was validated in a cohort of 145 patients with colorectal cancer using RT-qPCR. “P<0.01. (D) ELK1 mRNA was
elevated in four colorectal cancer cell lines, as determined via RT-qPCR. “P<0.01 vs. FHC cells. (E) ELK1 was silenced or overexpressed in HT29 and SW620
colorectal cancer cells. (F) RT-qPCR results suggested that LBX2-AS1 expression was inhibited after ELK1 knockdown and was elevated after transfection
with pcDNA-ELK1 in colorectal cancer cells. (G) RNA immunoprecipitation assay results confirmed that ELK1 directly bound to the promoter region of
LBX2-AS1.P<0.01 vs. si-NC or empty vector. (H) Two binding sites on the promoter region of LBX2-AS1 for ELK1. (I and J) The relative luciferase activity
was measured after deletion of two binding sites of LBX2-AS1 for ELK1 in HT29 and SW620 colorectal cancer cells. “P<0.01. ELK1, ETS transcription factor
ELKI; LBX2-AS1, LBX2 antisense RNA 1; RT-qPCR, reverse transcription-quantitative PCR; si-, small interfering RNA; NC, negative control.

higher in colorectal cancer tissues (Fig. 61) and cells (Fig. 6J).  to the 3'UTR region of SI00A11 (Fig. 6K). In both HT29 and
As shown in the bioinformatics analysis, miR-491-5p couldbind ~ SW620 cells, co-transfection of SI00A11-WT and miR-491-5p
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Figure 3. Suppression of LBX2-ASI inhibits proliferation and increases apoptosis of colorectal cancer cells. (A) LBX2-AS1 was silenced in HT29 and SW620
colorectal cancer cells following transfection with si-LBX2-AS1#1 or #2. (B) Cell Counting Kit-8 assay results showed that cell viability was inhibited in
colorectal cancer cells transfected with si-LBX2-AS]1. (C) The inhibitory effect of silencing LBX2-AS1 on colony formation was investigated in two colorectal
cancer cells. (D) Flow cytometry assay results confirmed that the apoptosis of colorectal cancer cells was induced by si-LBX2-AS1. (E) Higher caspase-3 and
caspase-9 expression levels were detected in colorectal cancer cells transfected with si-LBX2-AS1. “P<0.01 vs. si-NC. LBX2-AS1, LBX2 antisense RNA 1;

si-, small interfering RNA; NC, negative control.

mimics significantly reduced the relative luciferase activity
(Fig. 6L). After miR-491-5p overexpression with mimics,
S100A11 expression was significantly reduced in colorectal
cancer cells (Fig. 6M). Therefore, SIO0A11 could act as a target
of miR-491-5p in colorectal cancer.

LBX2-AS1 promotes colorectal cancer cell proliferation
and invasion by mediating the miR-491-5p/S100A11 axis.
RT-qPCR results confirmed that LBX2-AS1 was success-
fully overexpressed in HT29 and SW620 cells transfected
with pcDNA-LBX2-AS1 (Fig. 7A). The mRNA expression
of S100A11 was significantly downregulated in HT29 and
SW620 cells transfected with si-LBX2-AS1, as determined
via RT-qPCR (Fig. 7B). On the other hand, transfection
with pcDNA-LBX?2-ASI significantly promoted SI00A11
mRNA expression in colorectal cancer cells (Fig. 7B).
At the protein level, in two colorectal cancer cells trans-
fected with pcDNA-LBX2-AS1, SI00A11 expression was
significantly elevated (Fig. 7C and D). However, transfec-
tion with miR-491-5p mimics significantly decreased the
expression of SI0O0A11 protein in cells. Of note, LBX2-AS1

overexpression could reverse the inhibitory effects of
transfection with miR-491-5p mimics on S100A11 protein
expression (Fig. 7C and D), indicating that LBX2-AS1 may
indirectly enhance the mRNA expression of SI00A11 via
blocking miR-491-5p. As expected, the repressive functions
of miR-491-5p mimics on cell viability were found in HT29
and SW620 cells, as determined via a CCK-8 assay, which
were ameliorated by transfection with pcDNA-LBX2-AS1
(Fig. 7E). In the colony formation assay, the colony number
of HT29 and SW620 cells was significantly reduced
following transfection with miR-491-5p mimics (Fig. 7F).
Nonetheless, after co-transfection of miR-491-5p mimics
and pcDNA-LBX2-ASI, the colony formation ability of
colorectal cancer cells was significantly enhanced compared
with the miR-491-5p mimics group (Fig. 7F). Moreover,
LBX2-AS1 overexpression was capable of partially reversing
the suppressive effect of miR-491-5p mimics on colorectal
cancer cell invasion (Fig. 7G). The aforementioned find-
ings suggested that LBX2-AS1 could enhance colorectal
cancer cell proliferation and invasion via regulation of the
miR-491-5p/S100A11 axis.
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after silencing LBX2-AS1. (D and E) EMT-related proteins, including N-cadherin and Vimentin, were detected via western blotting in cells transfected with
si-LBX2-AS1. “P<0.01. LBX2-AS1, LBX?2 antisense RNA 1; si-, small interfering RNA; NC, negative control; EMT, epithelial-mesenchymal transition.

Discussion

The present study identified a novel finding that IncRNA
LBX2-ASI could be a potential underlying diagnostic and
prognostic marker for colorectal cancer. Mechanically,
LBX2-ASI, induced by transcription factor ELK1, facilitates
cell proliferation, migration and invasion via the mediation of
the miR-491-5p/S100A11 axis in colorectal cancer cells.

High LBX2-AS1 expression was found in both colorectal
cancer tissues and cells. Previously, LBX2-AS1 expression has
been verified to be elevated in several types of cancer (11,13).
The ROC results of the present study demonstrated that
LBX?2-AS1 was a sensitive diagnostic marker in patients

with colorectal cancer. In colorectal cancer, high LBX2-AS1
expression predicted poor clinical outcomes. Furthermore,
LBX2-ASI expression was associated with the clinical stages
of colorectal cancer. Patients diagnosed as stage III-IV usually
had higher LBX2-AS1 expression than those with stage I-II.
Previous studies have confirmed that upregulated LBX2-AS1
expression is associated with unfavorable prognosis of lung
carcinoma (12), stomach carcinoma (13) and liver cancer (14).
In the present study, multivariate Cox regression analysis
showed that LBX2-AS1 expression could be an independent
prognostic factor for colorectal cancer.

In the current study, transcription factor ELK1 was
notably upregulated in colorectal cancer tissues, as well as
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Figure 5. LBX2-ASI serves as a sponge of hsa-miR-491-5p in colorectal cancer cells. (A and B) Subcellular locations of LBX2-AS1 were predicted using the
IncATLAS and IncLocator databases. (C) Subcellular locations of LBX2-AS1 were determined in HT29 and SW620 colorectal cancer cells. (D) Dual-luciferase
reporter assay showed that there was a direct target relationship between hsa-miR-491-5p and LBX2-ASI1. “P<0.01 vs. NC. (E) Schematic diagram of the
binding site of hsa-miR-491-5p and LBX2-AS1. (F) A weak negative correlation was found between hsa-miR-491-5p and LBX2-ASI, which was identified
from the starBase database. (G and H) miR-491-5p expression was decreased in colorectal cancer tissues and cells, as determined via RT-qPCR. "P<0.01 vs.
normal tissues or FHC cells. (I) There was a moderate negative correlation between LBX2-AS1 and miR-491-5p in a cohort of 145 patients with colorectal
cancer (r=-0.4345, P<0.0001). (J) miR-491-5p expression was determined in colorectal cancer cells transfected with miR-491-5p mimics via RT-qPCR.
(K) Dual-luciferase reporter assay confirmed that LBX2-AS1 could act as a sponge of hsa-miR-491-5p in colorectal cancer cells. (L) miR-491-5p expression
was determined in colorectal cancer cells transfected with si-LBX2-AS1 via RT-qPCR. (M) The relative LBX2-AS1 expression was quantified in colorectal
cancer cells following transfection with miR-491-5p mimics, as determined via RT-qPCR. “P<0.01 vs. miR-NC or si-NC. LBX2-AS1, LBX2 antisense RNA 1;
si-, small interfering RNA; NC, negative control; miR, microRNA; RT-qPCR, reverse transcription-quantitative PCR; WT, wild-type; MUT, mutant.
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Figure 6. SI00A11 is highly expressed in colorectal cancer tissues and cells, and acts as a potential target for miR-491-5p. (A) Heatmap showing the top
25 DEGs between colorectal cancer and normal samples in TCGA database. (B) All DEGs were visualized in volcano plots. (C and D) High S100A11 expres-
sion was found in colorectal cancer from TCGA database and TCGA/GTEx database. "P<0.05. (E) Violin plots showing the expression pattern of SI00A11
in different colorectal cancer stages. (F) Box plots depicting the high SI00A11 expression in colorectal cancer from the UALCAN database. (G) There was
a weak negative correlation between SI00A11 and miR-491-5p, which was identified from the starBase database. (H) The expression patterns of SI00A11 in
a pan-cancer analysis. (I and J) SI00A11 expression was verified in colorectal cancer tissues and cells via reverse transcription-quantitative PCR. “"P<0.01
vs. normal tissues or FHC cells. (K) Schematic diagram of the binding site between hsa-miR-491-5p and SI00A11. (L) Dual-luciferase reporter assay results
confirmed that miR-491-5p directly bound to the 3'UTR region of SI00A11. (M) SI00A11 expression was detected in colorectal cancer cells following
transfection with miR-491-5p mimics. “P<0.01 vs. miR-NC. miR, microRNA; NC, negative control; DEGs, differentially expressed genes; TCGA, The Cancer
Genome Atlas; GTEx, The Genotype-Tissue Expression project; COAD, colon adenocarcinoma; GEPIA, Gene Expression Profiling Interactive Analysis;
CPTAC, Clinical Proteomic Tumor Analysis Consortium; WT, wild-type; MUT, mutant.
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Figure 7. LBX2-AS1 promotes colorectal cancer cell proliferation and invasion via mediating the miR-491-5p/SI00A11 axis. (A) The expression of LBX2-AS1
was assessed in HT29 and SW620 cells transfected with pcDNA-LBX2-AS1 via RT-qPCR. “"P<0.01 vs. empty vector. (B) The expression of SI00A11
mRNA was determined in HT29 and SW620 cells transfected with pcDNA-LBX2-ASI or si-LBX2-AS1 via RT-qPCR. “P<0.01. (C and D) The expression
of SI00A11 protein was measured in HT29 and SW620 cells transfected with pcDNA-LBX2-AS1 and/or miR-491-5p mimics according to western blotting.
“P<0.01. (E) The cell viability of HT29 and SW620 cells was determined via a Cell Counting Kit-8 assay after transfection with pcDNA-LBX2-AS1 and/or
miR-491-5p mimics. “P<0.01 vs. empty vector. (F) Clone formation and (G) invasive ability of HT29 and SW620 cells were assessed after transfection with
pcDNA-LBX2-AS1 and/or miR-491-5p mimics. “P<0.01. LBX2-ASI, LBX2 antisense RNA 1; miR, microRNA; NC, negative control; RT-qPCR, reverse
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cells, which was consistent with previous studies (30-32).
It has been confirmed that ELK1 overexpression promotes
migration and invasion of colorectal cancer cells (31).
Also, its upregulation facilitates proliferation and
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angiogenesis (30), and suppresses apoptosis in colorectal
cancer cells (32). These findings demonstrate that ELK1 is
likely to be involved in colorectal cancer progression. The
results of the RIP and dual-luciferase reporter assays in the
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present study verified that ELK1 could directly bind to the
two conservative sites (located at -437/-405 and -346/-329)
in the promoter region of LBX2-AS1. Therefore, LBX2-AS1
could act as a transcriptional target of ELK1. ELK1 has been
confirmed to directly interact with the endogenous miR-31
promoter in a MAPK-dependent manner (33). The current
study found that suppression of LBX2-AS1 could promote
apoptosis of colorectal cancer cells. Moreover, silencing
LBX2-AS1 could suppress proliferation, migration, invasion
and EMT process in colorectal cancer cells. EMT is the key
mechanism of tumor invasion and metastasis for colorectal
cancer. Zinc finger E-box-binding homeobox 1-induced
LBX2-AS1 upregulation promotes migration, invasion
and EMT in esophageal cancer cells (11). Nuclear factor 1
C-type-mediated LBX2-AS1 enhances cellular prolif-
eration, migration and invasion in gastric cancer (34). The
findings of the present study demonstrated that LBX2-AS1
was distributed in the nucleus and cytoplasm of colorectal
cancer cells. Low miR-491-5p expression was detected in
colorectal cancer tissues and cells, which was consistent
with a previous study (35). Furthermore, downregulation
of miR-491-5p is associated with unfavorable prognosis
in patients with colorectal cancer (36). Furthermore, low
miR-491-5p expression can promote colorectal cancer cell
proliferation (36). Circulating miR-491-5p can be used to
distinguish patients with colorectal cancer from patients with
adenoma (36). Dual-luciferase reporter results of the present
study confirmed that LBX2-AS1 may play a role as a sponge
of hsa-miR-491-5p in colorectal cancer cells.

Upregulation of SI00A11 was found in colorectal cancer
tissues and cells via RT-qPCR in the current study, as reported
in previous studies (37-39). S1I00A11 is closely related to the
EMT and invasive phenotypes of colorectal cancer cells (40,41).
As shown in the dual-luciferase reporter assays performed in
the present study, miR-491-5p may bind to the 3'UTR region
of SI00A11. Also, overexpression of miR-491-5p significantly
reduced S1I00A11 expression in two colorectal cancer cells.
Thus,S100A11 may serve as a target of miR-491-5p in colorectal
cancer. Additionally, overexpression of LBX2-AS induced the
upregulation of SI00A11 at the mRNA and protein levels in
colorectal cancer cells. More importantly, LBX2-AS1 may
indirectly enhance the mRNA expression of SI00A11 through
blocking miR-491-5p. Furthermore, the suppressive effects
of miR-491-5p mimics were notably reversed by LBX2-AS1
overexpression on colorectal cancer cell proliferation and
invasion. Hence, these findings revealed that LBX2-ASI could
enhance colorectal cancer cell proliferation and invasion by
means of mediating the miR-491-5p/S100A11 axis.

To conclude, in the present study, IncRNA LBX2-AS1
was identified to be upregulated in colorectal cancer, which
was transcriptionally regulated by transcription factor ELKI1.
LBX?2-AS1 could become a hopeful diagnostic and prog-
nostic marker for colorectal cancer. It was further found that
LBX2-AS1 overexpression facilitated cell proliferation, EMT,
migration and invasion in colorectal cancer cells. LBX2-AS1
could block S100A11 degradation via competitively binding
to miR-491-5p, thereby enhancing colorectal cancer devel-
opment. Thus, these findings revealed the possible value
of LBX2-ASI in the diagnosis prognosis, and treatment of
colorectal cancer.
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