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Abstract. Colorectal cancer (CRC) is one of the most lethal 
malignances in humans. Hence, it is of great significance 
to identify regulatory molecules in CRC progression. 
Accumulating evidence has demonstrated that long 
non‑coding RNAs (lncRNAs) are involved in cancer malig‑
nancy. It has been reported that long intergenic non‑protein 
coding RNA 857 (LINC00857) acts as a vital oncogene in 
many types of cancer by promoting cell proliferation and 
migration. However, the role of LINC00857 in CRC remains 
unclear. In the present study, LINC00857 was upregulated in 
CRC tissue samples and cells. Next, in vitro loss‑of‑function 
experiments demonstrated that LINC00857 knockdown 
suppressed CRC cell viability, proliferation and migration, as 
well as epithelial‑mesenchymal transition and increased cell 
apoptosis. Mechanistically, LINC00857 abundantly interacted 
with the RNA‑binding protein YTH domain containing 1 
(YTHDC1). YTHDC1 ultimately combined with solute carrier 
family 7 member 5 (SLC7A5) and increased SLC7A5 mRNA 
stability. Finally, a series of rescue experiments indicated that 
LINC00857 promoted the proliferation and migration of CRC 
cells by regulating mRNA stability. Thus, the present findings 
illustrated that LINC00857 functions as an oncogene in CRC 
cells via the YTHDC1/SLC7A5 axis.

Introduction

Colorectal cancer (CRC) is the world's fourth most lethal 
malignancy, causing ~900,000 mortalities every year (1‑4). It 
is the third most common malignancy in males after prostate 
and lung cancer, and the second most common malignancy 
in females after breast cancer (5). Over the last 20 years, 

the incidence of CRC has been rapidly rising in those aged 
<50 years (2,4). Despite advances in systemic therapy, many 
patients with metastatic CRC succumb to their disease (6). 
Therefore, there is an urgent requirement for more effective 
therapeutic strategies for CRC. It is of great significance to 
identify biomarkers affecting cell proliferation and migra‑
tion, and to determine the regulatory mechanisms in CRC 
cells.

Long non‑coding RNAs (lncRNAs) are non‑coding tran‑
scripts that are >200 nucleotides long and have previously 
been identified as one of the largest and most diverse RNA 
families (7,8). lncRNAs are modulators involved in a variety 
of biological processes (9‑11). They regulate gene expression 
via different mechanisms in the cytoplasm or nucleus (11,12). 
Additionally, RNA‑binding proteins (RBPs) exert vital effects 
on RNA processing and metabolism, including mRNA local‑
ization, mRNA stability control and translation control (13,14). 
The abnormal expression and mutation of RBP genes affect 
different steps of RNA processing, thereby changing the 
function of the target gene (13).

RNA‑protein interactions create vital checkpoints during 
the regulation of gene expression at the RNA level  (15). 
lncRNAs are associated with a variety of cellular functions, 
most of which involve interactions with one or more RBPs (16). 
RBPs usually bind to numerous different RNAs. Furthermore, 
RBPs bind to target transcripts and alter their translation or 
stability (17). lncRNAs interact with specific RBPs to enhance 
mRNA stability in the cytoplasm (18,19). It has been revealed 
that lncRNA long intergenic non‑protein coding RNA 857 
(LINC00857) serves as a tumor promotor in esophageal 
adenocarcinoma (20), hepatocellular carcinoma (HCC) (21) 
and bladder cancer (22); however, its role and mechanism in 
CRC cells remain elusive.

Thus, the aim of the present study was to focus on the role 
and regulatory mechanism of LINC00857 in CRC cells in 
order to provide potential novel insight into CRC therapy.

Materials and methods

Bioinformatics analysis. The interactions between LINC00857, 
solute carrier family 7 member 5 (SLC7A5) and YTH domain 
containing 1 (YTHDC1) were predicted using the starBase 
database (http://starbase.sysu.edu.cn/). Additionally, the extent 
of binding between LINC00857 and YTHDC1 was predicted 
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though the RNA‑Protein Interaction Prediction  (RPISeq) 
website (http://pridb.gdcb.iastate.edu/RPISeq/).

Patient sample collection. Forty CRC specimens and adja‑
cent non‑tumor tissue samples were obtained from 20 male 
and 20 female patients (age range, 32‑73 years; mean age, 
51.4±6.1 years) who did not receive therapy before undergoing 
surgery at Chenzhou No.  1 People's Hospital. The tissue 
samples were harvested via surgical resection or colonoscopy. 
Adjacent non‑tumor tissue samples were obtained from ≥1 cm 
away from the tumor tissues. Only histologically confirmed 
new CRC cases that had not previously been diagnosed for 
cancer were included in the present study. Tumor location 
(left‑ or right‑sided CRC) was histologically confirmed. The 
histological grade was assessed according to World Health 
Organization criteria (23). Tumors were staged according to the 
tumor‑node‑metastasis staging system of the American Joint 
Committee on Cancer (7th edition) (24). All patients provided 
written informed consent and the study was approved by the 
Ethics Committee of the Chenzhou No. 1 People's Hospital 
(Chenzhou, China). All of the methods included in the present 
study were performed rigidly according to the approved guide‑
lines. Immediately after surgical resection, the tissue samples 
were frozen in liquid nitrogen and stored at ‑80˚C.

RNA extraction and reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR). Total RNA from the 
tissue samples and cells (CRC cell lines, SW480, SW620, LoVo 
and LS174T cells and human normal colonic epithelial cell 
line, FHC) was extracted using TRIzol® reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.). The RNA quality and 
concentration were determined using the NanoDrop™ 2000 
spectrophotometer (Thermo Fisher Scientific, Inc.) at absor‑
bances of 260 and 280 nm. Total RNA was digested using 
DNase I (Thermo Fisher Scientific Inc.) for 90 min at 37˚C and 
then reverse transcribed into complementary DNA (cDNA) 
using a reverse transcription kit (Takara Biotechnology Co., 
Ltd.) according to the manufacturer's instructions. The cDNA 
template (3 µl; corresponding to ~150 ng of the extracted 
total RNA) was prepared prior to each PCR reaction. SYBR® 
Premix Ex Taq™ (Takara Biotechnology Co., Ltd.) was used 
for RT‑qPCR analysis, which was performed on an Applied 
Biosystems™ 7500 Real‑Time PCR System. The relative 
quantification was calculated according to the 2‑ΔΔCq method 
as previously described (25). The results were normalized to 
GAPDH expression. Primer sequences used in the present 
study are presented in Table SI and the following thermocy‑
cling conditions were used: Initial denaturation at 95˚C for 
3 min, followed by 40 cycles at 95˚C for 5 sec, 60˚C for 30 sec 
and at 72˚C for 45 sec, before final extension at 72˚C for 3 min.

Cell culture and transfection. CRC cell lines, SW480, SW620, 
LoVo and LS174T cells and a human normal colonic epithelial 
cell line, FHC were purchased from the American Type Culture 
Collection. All CRC cells were cultured in Gibco Dulbecco's 
modified Eagle's medium (DMEM; Thermo Fisher Scientific, 
Inc.) supplemented with Gibco 10% fetal bovine serum (FBS; 
Thermo Fisher Scientific, Inc.), 100  U/ml penicillin and 
100 mg/ml streptomycin (Invitrogen; Thermo Fisher Scientific, 
Inc.) in a humidified atmosphere at 37˚C with 5% CO2.

Sh o r t  h a i r p i n  (sh) ‑ R NA s  fo r  L I NC 0 0 857 
(sh‑LINC00857#1/2) and YTHDC1 (sh‑YTHDC1) and a 
negative control (sh‑NC) were transfected into CRC cells. 
Additionally, the sequence of LINC00857 was synthesized and 
subcloned into a pcDNA3.1 plasmid (Invitrogen; Thermo Fisher 
Scientific, Inc.) to overexpress LINC00857 with an empty 
pcDNA3.1 vector serving as the NC. The sequence of YTHDC1 
was synthesized and subcloned into a pcDNA3.1 plasmid to 
overexpress YTHDC1 with an empty pcDNA3.1 vector serving 
as the NC. The sequence of SLC7A5 was synthesized and 
subcloned into a pcDNA3.1 plasmid to overexpress SLC7A5 
with an empty pcDNA3.1 vector serving as the NC. SW480 
and SW620 cells (1x105 cells/well) were seeded in 24‑well 
plates and 500 µl DMEM was added to each well. When the 
cells reached 40‑60% confluence, the abovementioned vectors 
were transfected into cells at a final concentration of 50 nM 
using Lipofectamine®  2000 reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.) at 37˚C with 5% CO2 according to the 
manufacturer's instructions. Cells were harvested using TRIzol 
(Invitrogen; Thermo Fisher Scientific, Inc.) and transferred to 
1.5‑ml Eppendorf tubes for mixture and stored at ‑80˚C for 
further analysis 48 h post‑transfection. Finally, RT‑qPCR was 
performed to evaluate the transfection efficiency. The plasmid 
sequences used in the present study are presented in Table SI.

Cell counting kit‑8 (CCK‑8) assay. Following transfec‑
tion with sh‑LINC00857#1/2 or sh‑NC, SW480 and SW620 
cells (1x103 cells/well) were plated into 96‑well plates. Cell 
viability was detected on days 0‑2 and 3 using a CCK‑8 assay 
(Dojindo Molecular Technologies, Inc.) according to the 
manufacturer's instructions. Optical density was assessed at 
a wavelength of 450 nm using a microplate reader (Thermo 
Fisher Scientific, Inc.).

Colony formation assay. For colony formation assays, SW480‑ 
and SW620‑transfected cells (1x103) were placed in 6‑well 
plates and cultivated in proper medium supplemented with 
10% FBS for 14 days and, during this period, the medium was 
replaced every 4 days. After 14 days, the cells were fixed with 
methanol and stained with 0.1% crystal violet (MilliporeSigma) 
for 30 min at room temperature. Images of the visible colonies 
were obtained and the number of colonies was counted by a 
light microscope (OLYMPUS IX‑71; Olympus Corporation) 
(magnification, x10) after 48 h.

5‑Ethynyl‑2‑deoxyuridine (EdU) assay. EdU experiments were 
conducted with an EdU labeling/detection kit (Guangzhou 
RiboBio Co., Ltd.) according to the manufacturer's instruc‑
tions. The transfected cells were placed in 50 µM of EdU 
staining medium and maintained for an additional 2 h at room 
temperature. After washing the cells three times with 0.5 g/ml 
phosphate‑buffered saline (PBS), the nuclei were stained with 
DAPI (Invitrogen; Thermo Fisher Scientific, Inc.) for 10 min 
in the dark room at room temperature. Finally, fluorescence 
microscopy was utilized to observe and count EdU‑positive 
cells. The percentage of EdU‑positive cells was calculated 
from five random fields in three wells.

Flow cytometry analysis. Cell apoptosis was assessed via flow 
cytometry. SW480 and SW620 cells were subjected to double 
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staining with fluorescein isothiocyanate‑Annexin V and prop‑
idium iodide (Becton‑Dickinson and Company) according to 
the manufacturer's instructions. The cells were detected via 
flow cytometry using a FACScan® (BD Biosciences) equipped 
with CellQuest Pro software v5.1 (BD Biosciences).

Wound healing assay. Following transfection, SW480 and 
SW620 (2x105) cells seeded in 6‑well plates were subjected 
to serum starvation for 4 h and cultured to 100% confluence. 
Thereafter, a wound was simulated by scratching a straight 
line in the cell monolayer using a sterile 200‑µl pipette tip. 
After gently scraping the scratched monolayer cells twice with 
serum‑free medium (Gibco; Thermo Fisher Scientific Inc.), 
the wound was healed in complete medium for 24 h. After 
the wound was formed, the wound widths at 0 and 24 h were 
visualized using an inverted microscope. The percentage of 
wound closure was assessed for cell migration.

Western blot analysis. Total proteins were extracted from 
cells using radioimmunoprecipitation assay buffer (Beyotime 
Institute of Biotechnology) including protease inhibitors 
(Beyotime Institute of Biotechnology) and protein concentra‑
tions were evaluated using a bicinchoninic acid Protein Assay 
Kit (Beyotime Institute of Biotechnology). The protein lysates 
were separated using 10% SDS‑polyacrylamide gel electro‑
phoresis and equal quantities (5 µg per sample) of separated 
proteins were transferred to 0.22‑µm nitrocellulose membranes 
(MilliporeSigma). After blocking with 5% non‑fat milk for 
1  h at room temperature, the membranes were incubated 
with specific primary antibodies and treated with specific 
primary antibodies overnight at 4˚C. GAPDH (cat. no. ab8245; 
1:500) served as the internal control. The primary antibodies 
(Abcam) were as follows: Anti‑E‑cadherin (cat. no. ab1416; 
1:50), anti‑N‑cadherin (cat. no. ab98952; 1:500), anti‑MMP2 
(cat. no.  ab92536; 1:1,000), anti‑MMP9 (cat. no.  ab76003; 
1:1,000) and anti‑SLC7A5 (cat. no. ab99419; 1:1,000). After 
washing three times with PBS, the membranes were incubated 
with horseradish peroxidase‑conjugated goat anti‑rabbit anti‑
bodies [cat. no. sc‑2357 (1:5,000) Santa Cruz Biotechnology, 
Inc.] for another 2 h at room temperature. The proteins were 
visualized using an enhanced chemiluminescence detection 
kit (Amersham; Cytiva) and the Odyssey Infrared Imaging 
system version 2.1 (LI‑COR Biosciences).

Subcellular fractionation. Cytoplasmic and nuclear extracts 
were extracted from SW480 or SW620 cells using NE‑PER™ 
kit (cat. no. 78833; Thermo Fisher Scientific, Inc.). RT‑qPCR 
analysis was performed to detect the RNAs isolated from the 
nucleus or cytoplasm. Expression levels of U6, the nuclear 
control and GAPDH, the cytoplasmic control were evaluated.

RNA immunoprecipitation (RIP) assay. The RIP assay was 
conducted using a Magna RIP™ RNA‑Binding Protein 
Immunoprecipitation Kit (MilliporeSigma) according to the 
manufacturer's instructions. CRC cells at 80‑90% confluency 
were scraped off and lysed in complete RIP lysis buffer. Whole 
cell extracts (100 µl) were cultivated with magnetic beads for 
6 h at 4˚C and the beads were conjugated with anti‑UPF1 
RNA helicase and ATPase (UPF1), anti‑heterogeneous nuclear 
ribonucleoprotein C (HNRNPC), anti‑YTHDC1 or control 

IgG. After the magnetic beads were washed three times, 
Proteinase K (Thermo Fisher Scientific Inc.) was applied to 
remove proteins from the complexes. Purified RNAs were 
subjected to RT‑qPCR analysis.

In vitro transcription and RNA pull‑down assay. T7 RNA 
polymerase (Thermo Fisher Scientific Inc.) was utilized to 
transcribe LINC00857 in vitro (YTHDC1), a RNeasy Plus 
Mini Kit (Qiagen Sciences, Inc.) was utilized to purify 
LINC00857 (YTHDC1) and RNase‑free DNase I (Qiagen 
Sciences, Inc.) was utilized to treat LINC00857 (YTHDC1). 
The transcribed LINC00857 (YTHDC1) was labeled with 
Biotin RNA Labeling Mix (Thermo Fisher Scientific Inc.) and 
the RNA pull‑down assays were performed with a Pierce™ 
Magnetic RNA‑Protein Pull‑Down Kit (Pierce; Thermo 
Fisher Scientific, Inc.) according to the manufacturer's 
instructions.

RNA stability assay. Following transfection, CRC cells were 
treated with 1 µg/ml actinomycin D. Next, the cells were 
collected at different time points (0, 3, 6 and 9 h) and RNA was 
extracted with TRIzol™ reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.). Finally, RT‑qPCR analysis was performed to 
evaluate the mRNA levels.

Statistical analysis. Each experiment was repeated three 
times. Both paired and unpaired Student's t‑test were used 
to analyze differences between two groups. Paired Student's 
t‑test was used for RT‑qPCR analysis to evaluate gene expres‑
sion in CRC tissues and paired adjacent non‑tumor tissue 
samples. One‑way analysis of variance followed by Tukey's 
post hoc test was used to analyze the differences between 
three groups. All statistical analyses were performed with 
SPSS v.20.0 software (IBM Corp.) and the data are presented 
as the means ± standard deviation. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Significantly upregulated LINC00857 in CRC cells promotes 
CRC cell proliferative and migratory abilities in  vitro. 
According to previous studies, LINC00857 expression is 
upregulated in certain types of cancer  (20‑22). Therefore, 
to verify the abnormal expression of LINC00857 during 
CRC progression, RT‑qPCR analysis was performed with CRC 
and adjacent healthy tissue samples, as well as with four CRC 
cell lines (SW480, SW620, LoVo and LS174T) and a human 
normal colonic epithelial cell line (FHC). The results indi‑
cated that LINC00857 was significantly upregulated in CRC 
tissue samples (Fig. 1A). Consistently, LINC00857 expres‑
sion was higher in CRC cells than in healthy cells (Fig. 1B). 
Additionally, the RT‑qPCR results demonstrated a close asso‑
ciation between LINC00857 and the right‑sided CRC samples 
(Fig. S1A). There was a statistically significant association 
between high LINC00857 expression and the right‑sided CRC 
samples (Table I). Furthermore, LINC00857 expression was 
observed to be upregulated in advanced stage CRC tissue 
samples (Fig. S1B). In addition, higher LINC00857 expression 
was closely associated with larger tumor size, more advanced 
stage and poor histological grade (Table I).

https://www.spandidos-publications.com/10.3892/ol.2021.12839
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Figure 1. Expression level of LINC00857 in CRC tissue samples and cells. (A) RT‑qPCR analysis of LINC00857 levels in human CRC and adjacent tissue 
samples. **P<0.01. (B) RT‑qPCR analysis of LINC00857 levels in the FHC and CRC cell lines. *P<0.05 vs. FHC. (C) LINC00857 levels in SW480 and SW620 
cells transfected with sh‑NC or sh‑LINC00857#1/2 were examined by RT‑qPCR. *P<0.05 vs. sh‑NC. (D) Cell Counting Kit‑8 assay determined the viability 
of sh‑LINC00857‑transfected CRC cells. (E) Colony formation assay confirmed the proliferative ability of SW480 and SW620 cells under LINC00857 
downregulation. *P<0.05 vs. sh‑NC. (F) Proliferating SW480 and SW620 cells were EdU‑stained and cell nuclei were stained with DAPI (scale bar, 100 µm). 
*P<0.05 vs. sh‑NC. (G) The apoptotic rates of SW480 and SW620 cells after LINC00857 knockdown were confirmed by flow cytometric analysis. *P<0.05 vs. 
sh‑NC. (H) Wound healing assays verified the changes in the migratory ability of CRC cells affected by silencing LINC00857 (scale bar, 100 µm). (I) Migration 
and epithelial‑mesenchymal transition were further confirmed by western blot under LINC00857 knockdown. LINC00857, long intergenic non‑protein coding 
RNA 857; CRC, colorectal cancer; RT‑qPCR, reverse transcription‑quantitative PCR; sh, short hairpin; NC, negative control; EdU, 5‑ethynyl‑2‑deoxyuridine.
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To investigate the role of LINC00857 in CRC cells, SW480 
and SW620 cells were transfected with sh‑LINC00857#1/2 
or sh‑NC vectors to silence LINC00857 and a series of 
loss‑of‑function experiments were subsequently performed. 
The transfection efficiency was analyzed by RT‑qPCR and 
the results indicated that LINC00857 expression was signifi‑
cantly decreased in the SW480 and SW620 cells (Fig. 1C). 
Furthermore, the CCK‑8 assay revealed that cell viability was 
impaired by LINC00857 downregulation (Fig. 1D). Moreover, 
the colony formation assay demonstrated a large decrease in the 
number of colonies (Fig. 1E). Additionally, the EdU staining 
results illustrated that the percentage of EdU‑positive cells 
in the sh‑LINC00857#1/2‑mediated group was diminished 
(Fig. 1F). These findings cumulatively indicate that silencing 
LINC00857 suppressed the proliferative ability of CRC cells.

Subsequently, to investigate whether apoptosis regulation 
was propelled by LINC00857 silencing, flow cytometric 
analysis was conducted. The results demonstrated that 
LINC00857 knockdown induced CRC cell apoptosis 
(Fig. 1G). Additionally, to estimate the effect of LINC00857 
knockdown on CRC cell migratory ability, a wound healing 
assay was performed. The number of migrated CRC cells 
was decreased following LINC00857 depletion (Fig. 1H). To 
validate the function of LINC00857 silencing on CRC cell 
migration, western blot analyses were conducted to evaluate 
the MMP2, MMP9, E‑cadherin and N‑cadherin levels. The 
results showed that the protein levels of MMP2 and MMP9 
were markedly decreased after LINC00857 silencing. 
Simultaneously, the E‑cadherin protein level was upregulated 
and the N‑cadherin protein level was downregulated in the 
sh‑LINC00857#1/2 groups (Fig. 1I).

LINC00857 interacts with RNA‑binding protein YTHDC1. 
The localization of lncRNAs within the cell primarily deter‑
mines their molecular functions (26). Therefore, to clarify the 

potential mechanism of LINC00857 in CRC cells, subcellular 
localization was conducted. The results indicated LINC00857 
was primarily distributed in the cytoplasm of CRC cells 
(Fig. 2A) indicating that LINC00857 post‑transcriptionally 
regulated gene expression. Cytoplasmic lncRNAs cooperate 
with RBPs in different types of cancer (27). Therefore, it was 
hypothesized that LINC00857 interacts with RBPs to regulate 
CRC cells. Six potential RBPs were predicted using the star‑
Base database (Fig. 2B). The interaction between LINC00857 
and these candidate RBPs was evaluated by RPISeq. The 
Random Forest classifier and Support Vector Machine classi‑
fier scores were >0.5, indicating that LINC00857 may bind to 
UPF1, YTHDC1 and HNRNPC (Fig. 2C). To determine the 
interaction between these RBPs and LINC00857 an RIP assay 
was performed. LINC00857 presented a significant enrich‑
ment conjugated with anti‑YTHDC1 rather than anti‑UPF1 
or anti‑HNRNPC (Fig. 2D). Similarly, high binding affinity 
between LINC00857 and YTHDC1 was verified via western 
blotting performed following the RNA pull‑down assay. The 
results demonstrated significant enrichment in pull‑down 
products by biotinylated LINC00857 sense and no enrich‑
ment was observed in pull‑down products by biotinylated 
LINC00857 antisense by blotting using the anti‑YTHDC1 
antibody (Fig.  2E). Furthermore, according to RT‑qPCR 
results, YTHDC1 was upregulated in CRC tissue samples and 
cells (Fig. 2F and G).

LINC00857 was transfected with the pcDNA3.1/ 
LINC00857 plasmid and RT‑qPCR revealed that LINC00857 
expression was significantly increased in the CRC cells (Fig. 2H). 
RT‑qPCR was also used to examine the transfection efficiency 
of pcDNA3.1/YTHDC1 and sh‑YTHDC1. The results revealed 
that YTHDC1 was upregulated in the pcDNA3.1/YTHDC1 
group and downregulated in the sh‑YTHDC1 group (Fig. 2I). 
YTHDC1 expression was not altered upon LINC00857 silencing 
or elevation and LINC00857 expression was not changed upon 

Table I. Association between LINC00857 expression and clinical features of 40 colorectal cancer tissue samples.

	 LINC00857 expression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinicopathological characteristic	 Patients, n	 High, n (%)	 Low, n (%)	 P‑value

Localization				    P<0.001
  Left	 11	 2 (18.2)	 9 (81.8)	
  Right	 29	 24 (82.8)	 5 (17.2)	
Tumor size (cm)				    P<0.01
  ≤2	 14	 4 (28.6)	 10 (71.4)	
  >2	 26	 21 (80.8)	 5 (19.2)	
Clinical T stage				    P<0.001
  T1‑T2	 13	 2 (15.4)	 11 (84.6)	
  T3‑T4	 27	 20 (74.1)	 7 (25.9)	
Histological grade				    P<0.01
  Well differentiated	 5	 1 (20.0)	 4 (80.0)	
  Moderately differentiated	 15	 4 (26.7)	 11 (73.3)	
  Poorly differentiated	 20	 17 (85.0)	 3 (15.0)	

LINC00857, long intergenic non‑protein coding RNA 857.

https://www.spandidos-publications.com/10.3892/ol.2021.12839
https://www.spandidos-publications.com/10.3892/ol.2021.12839
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YTHDC1 upregulation or downregulation (Fig. 2J). These find‑
ings indicated that YTHDC1 and LINC00857 cannot mutually 
affect gene expression, verifying that they were bound together.

LINC00857 increases SLC7A5 stability by recruiting 
YTHDC1. Previous studies reported that RBPs interact with 
mRNAs and increase mRNA stability (28‑30). The present 
study hypothesized whether YTHDC1 had a similar regula‑
tory function on its target in CRC cells. First, 10 potential 
target mRNAs were predicted using the starBase database 

(Fig. 3A). Among all the putative mRNAs, SLC7A5, plectin 
(PLEC) and zinc finger homeobox 3 (ZFHX3) were success‑
fully confirmed with western blotting of complexes pulled 
down by biotinylated YTHDC1 (Fig. 3B). RT‑qPCR results 
demonstrated that SLC7A5 expression decreased under 
YTHDC1 downregulation, and PLECs and ZFHX3 were not 
decreased (Fig. 3C). SLC7A5 was therefore identified as a 
downstream target of YTHDC1 and selected for subsequent 
experiments. Subsequently, SLC7A5 expression in CRC 
tissue samples and cells was evaluated using RT‑qPCR. 

Figure 2. Interaction between LINC00857 and RBP YTHDC1. (A) LINC00857 localization was determined through subcellular fractionation. U6 served as 
a nuclear marker and GAPDH as a cytosolic marker. (B) RBPs that LINC00857 potentially bound to were obtained using the starBase database. (C) The data 
indicating a possible interaction between LINC00857 and YTHDC1 were acquired from the RNA‑protein interaction prediction website. Scores >0.5 were 
regarded as positive, implying the high possibility of RNA and protein binding. (D) RNA immunoprecipitation experiments were conducted in SW480 and 
SW620 cells to evaluate the enrichment of LINC00857 in each group. *P<0.05 vs. IgG. (E) Biotinylated LINC00857 pulled down YTHDC1, as demonstrated 
by western blot analysis. (F) RT‑qPCR was used to determine YTHDC1 expression in CRC and control cells. *P<0.05 vs. FHC. (G) LINC00857 levels 
were examined in CRC and adjacent tissue samples using RT‑qPCR. **P<0.01. (H) LINC00857 mRNA levels were determined through RT‑qPCR under 
upregulated LINC00857 in CRC cells. *P<0.05 vs. pcDNA3.1 (I) RT‑qPCR confirmed the YTHDC1 expression level to determine the transfection efficacy of 
pcDNA3.1/YTHDC1 or sh‑YTHDC1. *P<0.05 vs. pcDNA3.1. (J) The expression level of LINC00857 in CRC cells was evaluated under YTHDC1 silencing 
and overexpression. LINC00857, long intergenic non‑protein coding RNA 857; RBP, RNA‑binding proteins; YTHDC1, YTH domain containing 1; RT‑qPCR, 
reverse transcription‑quantitative PCR; CRC, colorectal cancer; sh, short hairpin; NC, negative control.
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SLC7A5 was found to be significantly upregulated in CRC 
tissue samples and cells (Fig. 3D and E). Furthermore, the 
RIP assay with SW480 and SW620 cells showed that the 
interaction of YTHDC1‑SLC7A5 was suppressed under 
LINC00857 deficiency (Fig. 3F). Furthermore, mRNA and 
protein expression levels of SLC7A5 decreased as a result of 
LINC00857 knockdown (Fig. 3G).

These findings further supported LINC00857‑YTHDC1 
binding and their coregulation of SLC7A5 expression. 
Additionally, to further probe whether LINC00857‑YTHDC1 
regulates SLC7A5 mRNA stability, SW480 and SW620 cells were 
treated with actinomycin D and the decay of pre‑existing mRNA 
was evaluated. The results revealed that silencing LINC00857 
or YTHDC1 repressed the SLC7A5 mRNA half‑life (Fig. 3H).

Figure 3. SLC7A5 was a potential downstream target of LINC00857‑YTHDC1. (A) Putative targets of YTHDC1 were acquired from the starBase data‑
base. (B) Western blot analysis verified the identity of the mRNAs pulled down by biotinylated YTHDC1. (C) The expression of the candidate mRNAs 
after YTHDC1 knockdown was evaluated via RT‑qPCR analysis. (D) RT‑qPCR detected SLC7A5 levels in CRC and adjacent tissue samples. **P<0.01. 
(E) YTHDC1 expression was analyzed via RT‑qPCR in CRC cell lines and a control cell line. *P<0.05 vs. FHC. (F) RIP experiments verified SLC7A5 enrich‑
ment in YTHDC1 RIP under LINC00857 silencing in CRC cells. *P<0.05 vs. sh‑NC. (G) SLC7A5 mRNA and protein levels were confirmed after LINC00857 
knockdown in CRC cells through RT‑qPCR and western blot analysis. *P<0.05 vs. sh‑NC. (H) RNA stability assay assessed the degradation rate of SLC7A5 
mRNA in CRC cells upon LINC00857 or YTHDC1 knockdown. SLC7A5, solute carrier family 7 member 5; LINC00857, long intergenic non‑protein coding 
RNA 857; YTHDC1, YTH domain containing 1; RT‑qPCR, reverse transcription‑quantitative PCR; CRC, colorectal cancer; RIP, RNA immunoprecipitation; 
sh, short hairpin; NC, negative control; PLEC, plectin; ZFHX3, zinc finger homeobox 3; ActD, actinomycin D.
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LINC00857 enhances CRC cell proliferative and migra‑
tory abilities by upregulating SLC7A5 stability. To probe 
SLC7A5 involvement in LINC00857‑mediated CRC cell 
proliferation and migration, rescue assays were performed. 

CRC cells were co‑transfected with sh‑LINC00857#1 and 
pcDNA3.1/SLC7A5. RT‑qPCR analysis indicated that 
SLC7A5 expression was significantly increased in CRC cells 
transfected with pcDNA3.1/SLC7A5 (Fig. 4A). The CCK‑8 

Figure 4. LINC00857 regulated the proliferation and migration of CRC cells by targeting SLC7A5. (A) RT‑qPCR analysis demonstrated the transfection 
efficacy of pcDNA3.1/SLC7A5 in CRC cells. **P<0.01 vs. pcDNA3.1. (B) CRC cells were transfected as indicated and viability was evaluated via CCK‑8. (C) A 
colony formation assay validated the proliferative ability of CRC cells in each group. *P<0.05. (D) EdU assay confirmed the proliferative ability of CRC cells 
in each group (scale bar, 100 µm). *P<0.05. (E) Flow cytometric analysis confirmed the cell apoptosis rate in each group. **P<0.01. (F) The migratory capacity 
of CRC cells upon the indicated transfection was evaluated by wound healing assay (scale bar, 100 µm). (G) Western blot analysis assessed the protein levels 
of apoptosis markers under each transfection condition. LINC00857, long intergenic non‑protein coding RNA 857; CRC, colorectal cancer; RT‑qPCR, reverse 
transcription‑quantitative PCR; EdU, 5‑ethynyl‑2‑deoxyuridine; sh, short hairpin; NC, negative control.
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assay indicated that upregulated SLC7A5 had the opposite 
effect on CRC cell viability suppressed by LINC00857 
silencing (Fig. 4B). Additionally, the proliferation assay results 
revealed that SLC7A5 overexpression attenuated the decrease 
in CRC cell proliferative ability under LINC00857 knock‑
down (Fig. 4C and D). The proportion of apoptotic CRC cells 
was significantly decreased after co‑transfection (Fig. 4E). 
Furthermore, according to the wound healing assay, CRC cell 
migration was repressed by LINC00857 depletion, but was 
recovered under SLC7A5 upregulation (Fig. 4F). Similarly, 
the western blot analysis revealed that pcDNA3.1/SLC7A5 
counteracted the inhibitory effect of LINC00857 silencing on 
the levels of MMP2, MMP9, E‑cadherin and N‑cadherin in 
CRC cells (Fig. 4G).

Discussion

It has been previously reported that LINC00857 has an onco‑
genic effect on certain types of cancer, such as esophageal 
adenocarcinoma  (20) and HCC  (21). In the present study, 
LINC00857 was significantly upregulated in CRC tissue 
samples and cells. Additionally, a series of loss‑of‑function 
experiments further validated that LINC00857 knockdown 
repressed CRC cell proliferative and migratory abilities 
and the epithelial‑mesenchymal transition (EMT), as well 
as promoted cell apoptosis in  vitro. These data suggested 
that LINC00857 acted as an oncogene by promoting cell 
proliferation, migration and EMT during CRC progression.

YTHD‑containing proteins participate in numerous RNA 
processes, such as mRNA splicing, nuclear export, translation 
and decay in post‑transcriptional regulation (31). In eukary‑
otes, YTHD‑containing proteins comprise five functional 
genes, including YTHDC1 (31). One of the marked effects 
of YTHDC1 is RNA nuclear export (32). It has previously 
been demonstrated that the upregulation of YTHDC1 acts as 
a diagnostic marker, therapeutic target or oncogene in colon 
cancer (33), HCC (34) and pancreatic adenocarcinoma (35). 
Additionally, its downregulation indicates a favorable 
prognosis in patients with head and neck squamous cell 
carcinoma (36). Notably, YTHDC1 is abundantly expressed 
in colon adenocarcinoma tissues  (37). The localization of 
lncRNAs within the cell is the primary determinant of their 
molecular functions (26).

In the present study, the cytoplasmic localization of 
LINC00857 in CRC cells indicated the post‑transcriptional 
effect of LINC00857 on gene expression. Furthermore, RBPs 
exert crucial effects by post‑transcriptionally regulating 
gene expression (28), including pre‑mRNA splicing, mRNA 
stabilization, mRNA localization and translation (17,38). The 
present study hypothesized the potential regulatory pattern 
of LINC00857 in which LINC00857 interacted with RBPs to 
stabilize mRNA. The bioinformatics analysis demonstrated 
that YTHDC1 potentially bound to LINC00857. Subsequent 
mechanistic experiments verified the binding ability between 
lncRNA LINC00857 and RBP YTHDC1 in CRC cells. In addi‑
tion, YTHDC1 expression in CRC tissue samples and cells was 
identified to be significantly higher than that in normal CRC 
tissue samples and cells. LINC00857 and YTHDC1 did not 
mutually affect expression in CRC cells. These findings indi‑
cated that LINC00857 interacted with YTHDC1 in CRC cells.

Systematically, SLC7A5 mRNA was demonstrated 
to interact with YTHDC1 in CRC cells. SLC7A5 (also 
termed LAT1), characterized as an amino acid transporter, 
has been revealed to be associated with various types of 
cancer. For example, SLC7A5 serves as a novel biomarker 
for high‑grade malignancy in prostate cancer (39). Another 
study demonstrated that positive expression of SLC7A5 
predicts poor prognosis in patients with non‑small cell lung 
cancer  (40). Furthermore, it has been reported that RBPs 
post‑transcriptionally interact with target mRNAs, thereby 
strengthening mRNA stability (28‑30). In the present study, 
SLC7A5 was upregulated in CRC tissue samples and cells. 
Mechanistically, LINC00857 and YTHDC1 increased 
SLC7A5 mRNA stability in CRC cells. LINC00857 was 
observed to cooperate with YTHDC1 to stabilize SLC7A5 in 
CRC cells. Additionally, rescue assays further verified that the 
decreased cell proliferation and migration under LINC00857 
knockdown was rescued by upregulation of SLC7A5.

However, the present study had several limitations, such as 
that the results were not validated in vivo. Animal experiments 
should be performed to further verify in vitro results. In addition, 
LINC00857 has been reported to competitively bind with miRNAs 
to regulate mRNA (41). Therefore, other mechanisms mediated by 
LINC00857 in CRC cells should be explored in the future.

Thus, the present study confirmed that LINC00857, 
YTHDC1 and SLC7A5 were upregulated in CRC tissue 
samples and cells. Furthermore, LINC00857 increased CRC 
cell proliferative and migratory abilities in vitro. The present 
study hypothesized that LINC00857 abundantly bound to 
YTHDC1 in CRC cells and that the LINC00857‑YTHDC1 
complex increased SLC7A5 stability in CRC cells. The present 
findings may provide novel insight into lncRNA regulatory 
characteristics in CRC and a novel direction for CRC treatment.
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