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1  | INTRODUC TION

Colorectal cancer (CRC) is one of the most common malignancies; 
approximately 1.4 million patients are diagnosed with CRC each year 
worldwide.1 According to the latest cancer statistics, in the USA and 

Europe, new cases of CRC and death both ranked third.2 The inci-
dence of CRC in China is second only to esophageal cancer and gas-
tric cancer, and the incidence and mortality are increasing year by 
year.3,4 Apart from familial genetic factors, the occurrence of CRC is 
also related to bad eating habits, obesity, smoking, and other factors, 
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Colorectal cancer (CRC) is the third most common malignancy in the world, and long 
noncoding RNA (lncRNA) plays a critical role in carcinogenesis. Here, we report a 
novel lncRNA, MAPKAPK5-AS1, that acts as a critical oncogene in CRC. In addition, 
we attempted to explore the functions of MAPKAPK5-AS1 on tumor progression in 
vitro and in vivo. Quantitative RT-PCR was used to examine the expression of 
MAPKAPK5-AS1 in CRC tissues and cells. Expression of MAPKAPK5-AS1 was sig-
nificantly upregulated in 50 CRC tissues, and increased expression of MAPKAPK5-AS1 
was found to be associated with greater tumor size and advanced pathological stage 
in CRC patients. Knockdown of MAPKAPK5-AS1 significantly inhibited proliferation 
and caused apoptosis in CRC cells. We also found that p21 is a target of 
MAPKAPK5-AS1. In addition, we are the first to report that MAPKAPK5-AS1 plays a 
carcinogenic role in CRC. MAPKAPK5-AS1 is a novel prognostic biomarker and a 
potential therapeutic candidate for CRC cancer.
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but the exact pathogenesis is still unclear.5 Therefore, further study 
of the molecular mechanisms of CRC is essential to ease the burden 
of the disease.

Only approximately 1.5% of genes in the human genome can en-
code proteins, and most genes are transcribed into noncoding RNAs 
(ncRNA).6 Noncoding RNAs can be divided into short ncRNAs and 
long ncRNAs (lncRNA) according to their length (less than or greater 
than 200 nt). Long ncRNA is the most common and most versatile 
class.7 Long ncRNA lacks a significant ORF and is widely present 
in the nucleus and cytoplasm.8,9 It does not participate in protein 
coding.10 Recent studies have shown that lncRNA plays a critical 
role in carcinogenesis. For example, upregulation of SNHG6 regu-
lates ZEB1 expression by competitively binding microRNA-101-3p 
and interacting with UPF1 in hepatocellular carcinoma.11 Our pre-
vious studies also reported that lncRNA SPRY4-IT1 increases the 
proliferation of human breast cancer cells by upregulating ZNF703 
expression.12 However, the function of lncRNAs in human CRC re-
mains largely unknown. In this study, we identified MAPKAPK5-AS1, 
a novel lncRNA previously mentioned in published reports,13,14 as 
being upregulated in CRC tissue and associated with tumorigene-
sis, larger tumor size, proliferation, and poor prognosis. In-depth 
study of lncRNA MAPKAPK5-AS1 not only enables us to further 
understand the pathogenesis of CRC, but also establish it as a new 
diagnostic marker and therapeutic target of CRC. To explore the 
role of lncRNA in the progression of CRC, we have previously ana-
lyzed the differential expression of lncRNAs in The Cancer Genome 
Atlas Home—The Cancer Genome Atlas—Cancer Genome—TCGA 
https://cancergenome.nih.gov/ and the Gene Expression Omnibus 
database MAPKAPK5-AS1—GEO Profiles—NCBI https://www.
ncbi.nlm.nih.gov/geoprofiles/?term=MAPKAPK5-AS1 (GSE24514). 
It was found that the expression of MAPKAPK5-AS1 was obviously 
upregulated, and MAPKAPK5-AS1 has not been reported in the 
literature yet. MAPKAPK5-AS1 is located at human chromosome 
12, and the transcript length is 935 bp.14 Further verification by 
quantitative RT-PCR (qRT-PCR) in 50 clinical samples showed that 
MAPKAPK5-AS1 in CRC tissues was significantly upregulated. This 
indicates that MAPKAPK5-AS1 might be involved in the process of 
colorectal carcinogenesis. With the recent development of epi-
genetics research, many lncRNAs have been found to regulate the 
expression of downstream target genes by binding RNA-binding 
proteins. Enhancer of zeste homolog 2 (EZH2) is an apparent inhib-
itory histone that plays an important regulatory role. It inhibits the 
transcription of target genes by changing the level of automethyl-
ation. A large number of studies have shown that EZH2 is closely 
related to tumorigenesis and development. For example, lncRNA 
CRNDE inhibits the expression of downstream target gene DUSP5/
CDKN1A by binding EZH2 and promotes the proliferation of CRC 
cells.15 In addition, Linc00460 regulates proliferation of CRC cells 
by recruiting EZH2 and AGO2 to regulate the downstream target 
gene KLF2/CUL4A.16 Therefore, it is necessary to further explore 
the causes of abnormal expression, to provide a theoretical basis 
and research direction for the early diagnosis and early treatment 
of CRC.

2  | MATERIAL S AND METHODS

2.1 | Clinical specimens

From January 2015 to December 2018, 50 pairs of matched tumor 
tissues and corresponding normal tissues were collected from CRC 
patients undergoing surgical treatment in the Second Affiliated 
Hospital of Nanjing Medical University (Nanjing, China). None of the 
patients received any local or systemic treatment before surgery. 
The pathological stage, grade, and nodal status were appraised by 
an experienced pathologist. All experiments were approved by the 
research ethics committee of Nanjing Medical University. Written 
informed consent was obtained from all patients.

2.2 | Cell culture

The CRC cell lines HCT116, SW480, HT-29, and DLD-1, and the nor-
mal epithelium of the intestinal mucosa HCoEpiC were purchased 
from the Cell Culture Bank of the Chinese Academy of Sciences 
(shanghai, China). Colorectal cancer cells HCT116, HT-29, SW480, 
and DLD-1 were culture in DMEM containing 10% FBS; normal CRC 
epithelial cells HCoEpic were cultured in RPMI-1640 medium con-
taining 10% FBS in an incubator at 37°C, with 5% CO2 and relative 
humidity of 90%. Medium was replaced every 2-3 days.

2.3 | RNA isolation and qPCR assays

Total RNA was extracted from tissues or cultured cells using TRIzol 
reagent (Invitrogen, Carlsbad, CA, USA) according to the manu-
facturer’s protocol. RNA quantity and quality were determined by 
NanoDrop2000c (Thermo Fisher Scientific, Waltham, MA, USA). 
For qRT-PCR, 1 μg RNA was reverse transcribed into cDNA using 
a reverse transcription kit (Takara, Dalian, China). Quantitative 
PCR assays were carried out on an ABI 7500 (Carlsbad, CA, USA). 
Data were normalized to GAPDH. The primer sequences were: 
MAPKAPK5-AS1, forward AAGCCCGAGTCTGATGCTAA, and re-
verse CTGCACACCTCTTCTGGTCA; p21, forward GAGACTCT 
CAGGGTCGAAAACG, and reverse GGATTAGGGCTTCCTCTTGGA; 
GAPDH, forward AGCCACATCGCTCAGACAC, and reverse 
GCCCAATACGACCAAATCC; and U6 forward ATTGGAACG 
ATACAGAGAAGATT, and reverse GGAACGCTTCACGAATTTG. The 
ChIP-qPCR primers for p21 were: forward, CTGCCTCTGCTCAAT 
AATGTTCT; and reverse, GGAATTCACCTTCACACAGGC. Each 
sample was analyzed in triplicate.

2.4 | Cell transfection

Two individual MAPKAPK5-AS1 (MAPKAPK5-AS1 2# and 3#), si-EZH2, and 
scrambled negative control (NC) siRNAs were purchased from Invitrogen 
and transfected into cells using Lipofectamine 2000 (Invitrogen). Plasmid 
vectors (sh-MAPKAPK5-AS1 and empty vector) for transfection were 
extracted by a DNA Midiprep kit (Qiagen, Hilden, Germany) and trans-
fected into cells using FuGENE (Roche, Basel, Switzerland). The full-length 
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cDNA of MAPKAPK5-AS1 was synthesized by Realgene (Nanjing, China) 
and subcloned into the pcDNA3.1 (+) vector (Invitrogen) according to the 
manufacturer’s instructions. Cells were harvested after 48 hours for qRT-
PCR and western blot analyses. The sequences of the siRNAs/shRNAs 
were: si-MAPKAPK5-AS1 2#, GGUGACUUGGGACUUGGAUGCUUAA; 
si-MAPKAPK5-AS1 3#, GCGGAGAUCCACUCUUUCAUAUUUA; 
sh-MAPKAPK5-AS1 2#, GTCTTCGGTGACTTGGGACTTGGATGCT 
TAATTCAAGAGATTAAGCATCCAAGTCCCAAGTCACC TTTTTTG 
GATCC; sh-MAPKAPK5-AS1 3#, GTCTTCGCGGAGATCCACTCTTTCATATT 
TATTCAAGAGATAAATATGAAAGAGTGGATCTCCGC TTTTTTGGATCC; 
si-EZH2, GAGGUUCAGACGAGCUGAUUU; si-p21, ACAAGGGUACAA 
GACAGUGAC; and sh-p21, GGATCCACAAGGGUACAAGACAGUGACCAA 
GAGAGACGCTCCATCGTGGATGTGCTGTTTTTTGAAGCTT.

2.5 | Cell proliferation assays

A cell proliferation assay was carried out with a CCK-8 assay kit 
(Promega, Madison, WI, USA). Twenty-four hours after trans-
fection with si-MAPKAPK5-AS1, the SW480 and DLD-1 cells 
(3000 cells/well) were grown in 96-well plates and cultured at 
37°C and 5% CO2 atmosphere. The CCK-8 assay was used to 
detect the relative cell growth every 24 hours according to the 
instructions of the manufacturer. Simply, 20 μL CCK-8 solution 
was added to each well, and each well was measured spectro-
photometrically at 450 nm after 2 hours of incubation. Each 
sample was analyzed in triplicate.

2.6 | Flow cytometric analysis

Double staining of FITC-annexin V and propidium iodide was car-
ried out using the FITC Annexin V Apoptosis Detection Kit (BD 
Biosciences, Franklin Lakes, NJ, USA) according to the manufactur-
er’s recommendations. Cells were analyzed using a flow cytometer 
(FACScan; BD Biosciences) equipped with CellQuest software (BD 
Biosciences). Cells were divided into viable cells, dead cells, early 
apoptotic cells, and apoptotic cells, and the relative proportions of 
early apoptosis were compared to control transfections from each 
experiment. Cells for cell cycle analysis were stained with proponium 
chloride using the Cycletest Plus DNA kit (BD Biosciences) and ana-
lyzed by FACScan. The percentage of G0-G1, S and G2-M phase cells 
was calculated and compared. Each sample was analyzed in triplicate.

2.7 | 5-Ethynyl-2′-deoxyuridine (EdU) analysis

Proliferating cells were evaluated using an EdU labelling/detection 
kit (Ribobio, Guangzhou, China) according to the manufacturer’s 
protocol. Briefly, SW480 and DLD-I cells were cultured in 96-
well plates at 5 × 103 cells per well and transfected with plasmid 
DNA or siRNA for 48 hours. Then 50 μmol/L EdU-labeled medium 
was added to the cell culture and incubated at 37°C, 5% CO2, for 
2 hours. The cultured cells were fixed with 4% paraformaldehyde 
(pH 7.4) for 30 minutes and treated with 0.5% Triton X-100 for 
20 minutes at room temperature. After washing with PBS, samples 

were stained with anti-EdU working solution for 30 minutes at 
room temperature. Subsequently, the cells were incubated with 
100 μL Hoechst 33342 (5 μg/mL) for 30 minutes at room tempera-
ture and then observed under a fluorescence microscope. Each 
sample was analyzed in triplicate.

2.8 | Cell apoptosis assay

Terminal deoxynucleotidyl transferase-mediated dUTP nick-end 
labeling was carried out with an apoptosis detection kit (Ribobio) 
according to the manufacturer’s instructions. A randomly selected 
field without significant necrosis in 10 high-power fields was as-
sessed for TUNEL-positive cells. The index of TUNEL was calculated 
based on the number of total nuclei and cells with green nuclei. Each 
sample was analyzed in triplicate.

2.9 | Subcellular fractionation location

The separation of nuclear and cytosolic fractions was undertaken using 
the PARIS Kit (Life Technologies, Carlsbad, CA, USA) according to the 
manufacturer’s instructions. Each sample was analyzed in triplicate.

2.10 | Fluorescence in situ hybridization

SW480 cells were seeded in 24-well plates, fixed in 4% formaldehyde 
for 10 minutes, treated with PBS containing 0.5% Triton X-100, then 
washed 3 times with PBS. The prehybrid solution was added, then the 
probe-containing hybridization solution was added overnight. After 
washing with 4×, 2×, and 1× SSC, cells were stained with DAPI. The 
RNA FISH probe was designed and synthesized by Ribobio.

2.11 | RNA immunoprecipitation (RIP)

We followed the manufacturer’s protocol using the EZMagna RIP kit 
(Millipore, Billerica, MA, USA). SW480 and DLD-1 cells were lysed 
in complete RIP lysis buffer, and the extracts were incubated with 
magnetic beads conjugated with Abs recognizing EZH2 or control 
IgG (microwells) for 6 hours at 4°C. The beads are then washed and 
incubated with proteinase K to remove proteins. Finally, qPCR analy-
sis of the purified RNA was carried out using specific primers to indi-
cate binding of MAPKAPK5-AS1 and EZH2. Antibody for RIP assays 
of EZH2, AGO2, or control IgG was from Millipore. Each sample was 
analyzed in triplicate.

2.12 | Chromatin immunoprecipitation

SW480 cells were treated with formaldehyde and incubated for 
10 minutes to generate DNA-protein cross-links. Cell lysates were 
then sonicated to generate chromatin fragments of 200-300 bp 
and immunoprecipitated with H3K27me3, EZH2 and IgG as control. 
Precipitated chromatin DNA was recovered. Antibody for ChIP as-
says of EZH2, H3K27me3, or control IgG was from Abcam (Hong 
Kong, China). The experiment was repeated three times by qPCR.
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2.13 | Western blot assay

SW480 cells were harvested, and proteins were extracted from the trans-
fected cells and quantified using a 12% polyacrylamide gradient SDS gel as 
previously described. Quantification was undertaken using a density assay 
(Quantity One software; Bio-Rad, Hercules, CA, USA) using ECL chromo-
genic substrate. A GAPDH Ab (#2118; Cell Signaling Technology, Boston, 
MA, USA) was used as a control. Anti-p21 was purchased from Abcam.

2.14 | Nude mouse tumor formation experiment

To determine whether the level of MAPKAPK5-AS1 expression 
could affect CRC tumorigenesis in vivo, sh-MAPKAPK5-AS1 2#, or 
negative control-transfected DLD-1 cells were s.c. injected into male 
nude mice. Subcutaneous tumors are observed every 3 days. After 
the appearance of tumors, the tumor size of the mice in different 
groups was measured and recorded once every 2 days. After 16 days 
of tumor formation, the mice were killed. The tumors were removed, 
photographed, weighed, and measured. All the animal experiments 
in this study were undertaken in strict accordance with the guide-
lines and regulations for the Care and Use of Laboratory Animals, 
Nanjing Medical University.

2.15 | Immunohistochemistry (IHC)

Xenograft tumor tissue samples were immunostained with H&E 
and Ki67. Anti-Ki67 was from Santa Cruz Biotechnology (Dallas, TX, 
USA). The IHC staining results were independently scored by the au-
thor and a pathologist to minimize subjectivity and then compared, 
and the final comprehensive results were obtained.

2.16 | Statistical analysis

Statistical analysis was carried out using SPSS software (SPSS, Chicago, 
IL, USA). The χ2 precision tests were used to analyze clinical pathol-
ogy data. To compare MAPKAPK5-AS1 expression in CRC tissue and 
matched normal tissue, a paired t test was used. To compare 2 samples, 
an unpaired two-tailed t test was used. A P value <0.05 was consid-
ered statistically significant. The results are expressed as mean ± SD. 
Statistical significance was assigned at *P < .05 or **P < .01. All experi-
ments were carried out at least 3 times, in triplicate samples.

3  | RESULTS

3.1 | MAPKAPK5-AS1 is upregulated in human CRC 
tissues and is positively correlated with larger tumor 
size, advanced TNM stage, and lymph node metastasis

In order to determine whether lncRNAs play an important role in 
CRC, we compared case-control microarray data of paired CRCs in 
The Cancer Genome Atlas CRC database and the Gene Expression 
Omnibus database (GSE24514). We carried out a differential ex-
pression analysis and found that MAPKAPK5-AS1, an lncRNA with 

a high differential expression, had not been reported. To further 
verify the results of the data analysis, we detected the expression 
of MAPKAPK5-AS1 in 50 cases of tumor tissue and adjacent tis-
sues by qRT-PCR (Figure 1A). The results showed that the expres-
sion of MAPKAPK5-AS1 in tumor tissues was significantly higher 
than adjacent tissues. Further analysis of clinical data revealed a cor-
relation between the expression level of MAPKAPK5-AS1 and the 
clinicopathological features of patients with colorectal cancer. High 
expression of MAPKAPK5-AS1 in CRC tissues was closely related to 
higher pathological stage (P = .007; Figure 1B), larger tumor (P = .004; 
Figure 1C), and positive lymph node status (P = .001; Figure 1D). 
Kaplan-Meier survival analysis and log-rank tests show survival time 
for cases with high MAPKAPK5-AS1 expression was below those 
with low MAPKAPK5-AS1 expression (Figure 1E). However, several 
other clinical parameters were found not to be significantly associated 
with MAPKAPK5-AS1 expression (Table 1). Therefore, we speculate 
that the expression of MAPKAPK5-AS1 could be related to CRC.

3.2 | MAPKAPK5-AS1 promotes CRC cell 
proliferation in vitro and downregulation of 
MAPKAPK5-AS1 promotes G0/G1 arrest

To investigate the biological function of MAPKAPK5-AS1 in colorec-
tal cancer, we first detected the expression level of MAPKAPK5-AS1 
in 4 CRC cell lines and normal colon epithelium cell line (HCoEpiC). 
Quantitative RT-PCR results showed that MAPKAPK5-AS1 was sig-
nificantly upregulated in SW480 (P < .01) and DLD-1 (P < .01) cells 
compared to normal colon epithelium cells (Figure 1F). Next, the siR-
NAs of MAPKAPK5-AS1 and its blank control si-NC were transfected 
into CRC cells. The results showed that the expression of 2# and 3# 
siRNAs of MAPKAPK5-AS1 was significantly reduced, but the 1# in-
terference sequence showed poor transfection efficiency (Figure 1G). 
Subsequent experiments knocked down MAPKAPK5-AS1 with 2# 
and 3# interference sequences. The CCK-8 and colony formation 
assay results showed knockdown of MAPKAPK5-AS1 can significantly 
inhibit CRC cell proliferation (Figure 2A,B). To investigate whether 
MAPKAPK5-AS1 promotes proliferation partly by inhibiting apopto-
sis, we used flow cytometry to detect apoptosis. The results showed 
that, compared with the control group, the apoptosis rate was signifi-
cantly increased after knocking down MAPKAPK5-AS1 (Figure 2C). 
To assess whether MAPKAPK5-AS1 affects CRC cell proliferation 
through MAPKAPK5-AS1-mediated cell cycle changes, we examined 
cell cycle progression in CRC cells by flow cytometry. Results showed 
that MAPKAPK5-AS1 knockdown increased the percentage of cells 
in G0/G1 phase and decreased the percentage of cells in S and G2/M 
phase compared with control cells (Figure 3A). These studies indicate 
that MAPKAPK5-AS1 has an important effect on CRC cells by affect-
ing the cell cycle. Cell proliferation ability, tested with EdU, also showed 
similar results. The results suggest that abnormally high expression of 
MAPKAPK5-AS1 in CRC cells can promote cell proliferation (Figure 3B). 
The TUNEL assay for detecting apoptosis was also consistent with the 
above results (Figure 3C). These findings suggest that MAPKAPK5-AS1 
might be closely related to the proliferation of CRC cells.
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F IGURE  1 MAPKAPK5-AS1 is upregulated in human colorectal cancer (CRC) tissues and is significantly correlated with larger tumor 
size, advanced TNM stage, lymph node metastasis, and poor prognosis. A, Relative expression of MAPKAPK5-AS1 in CRC tissues (n = 50) 
compared with the corresponding non-tumor tissues (n = 50); the patients were classified into two groups according to the median level 
of MAPKAPK5-AS1. MAPKAPK5-AS1 expression was examined by quantitative RT-PCR (qRT-PCR) and normalized to GAPDH expression. 
B-D, MAPKAPK5-AS1 expression was significantly higher in patients with larger tumor size, higher pathological stage, and lymph node 
metastasis. E, Kaplan-Meier overall survival curves according to MAPKAPK5-AS1 expression level. Cum., cumulative. F, MAPKAPK5-AS1 
expression was assessed by qRT-PCR analysis in CRC cells (DLD-1, HCT116, HT29, and SW480) and the normal human colonic epithelial cell 
line (HCoEpiC). G, Quantitative PCR analysis of MAPKAPK5-AS1 expression levels following transfection of DLD-1 and SW480 cells with 
siRNAs against MAPKAPK5-AS1. Representative images and data based on 3 independent experiments. Bars: ± SD. **P < .01. siNC, negative 
control
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3.3 | Knockdown of MAPKAPK5-AS1 inhibits CRC 
tumorigenesis in vivo

The statistical results of tumor volume changes showed that the tumor 
formation ability of the mice in the MAPKAPK5-AS1 knockdown group 
was significantly reduced and the growth rate was significantly slower 
compared to the control group (Figure 4A). As shown, qPCR con-
firmed that the MAPKAPK5-AS1 expression was lower in tumor tis-
sues derived from sh-MAPKAPK5-AS1-transfected cells (Figure 4B), 
accurate measurement calculations prove that the knockdown of 
MAPKAPK5-AS1 tumor volume is clearly smaller (Figure 4C) and the 
average weight of tumors in the MAPKAPK5-AS1 knockdown group 
was lower than the control group (Figure 4D). Moreover, IHC analysis 
confirmed that the tumors formed from DLD-1/sh-MAPKAPK5-AS1 
cells displayed weaker Ki-67 staining than those formed from control 
cells (Figure 4E). Our results indicate that silencing MAPKAPK5-AS1 
expression can inhibit tumor growth in CRC cells in vivo.

3.4 | MAPKAPK5-AS1 overexpression induces 
promotion of CRC cell proliferation

To further explore the function of MAPKAPK5-AS1, we carried 
out an overexpression experiment in HCT116 cells. Both CCK-8 

and EdU assays revealed that the viability of HCT116 cells 
transfected with pcDNA-MAPKAPK5-AS1 was significantly im-
paired compared with empty vector-treated cells (Figure 5A-C). 
The colony formation assays results showed that overexpres-
sion of MAPKAPK5-AS1 in HCT116 cells significantly promoted 
cell colony formation (Figure 5D). These findings indicated that 
MAPKAPK5-AS1 promoted CRC cell proliferation.

3.5 | MAPKAPK5-AS1 promotes CRC cell 
proliferation by partially binding histone EZH2 and 
subsequently inhibiting expression of target gene p21

To investigate the mechanism of MAPKAPK5-AS1 in CRC, we first 
analyzed its distribution in CRC cells and found that MAPKAPK5-AS1 
is mainly located in the nucleus (Figure 6A,B), which means that 
MAPKAPK5-AS1 might be involved in transcriptional regula-
tion. We used qRT-PCR to detect the 8 classical mRNA levels of 
proliferation-related genes after knocking down MAPKAPK5-AS1 
(p15, p21, p27, p57, Bcl-2, Bax, KLF-2, and Trail; Figure 6C). The re-
sults showed that, compared with the control group, p21 mRNA 
levels were changed to varying degrees after knockdown of 
MAPKAPK5-AS1 in SW480 and DLD-1 cells (Figure 6D). p21, which 
was reported to be closely related to proliferation, was selected as 
a downstream target for further studies. We then predicted the 
possible binding proteins of MAPKAPK5-AS1 and found that it 
could bind to histone modification enzymes. Given that approxi-
mately 20% of lncRNAs have been reported to exercise regulatory 
functions in the form of binding to polycomb repressive complex2 
(PRC2) and it has been reported that lncRNA often forms a complex 
with AGO2 protein to silence the target. Based on this, we reason-
ably suspect that MAPKAPK5-AS1 could associate with the PRC2 
core subunit EZH2 and RNA-induced silencing complex (RISC) core 
subunit AGO2 to regulate downstream target gene p21. The above 
prediction results were further verified by RIP experiments. The re-
sults showed that MAPKAPK5-AS1 can bind to histone EZH2 rather 
than RISC AGO2 in SW480 and DLD-1 cell lines. lncRNA DUXAP10 
has been reported as not bound to EZH2,17 we chose it as a nega-
tive control (Figure 6E,F). Subsequently, in order to investigate 
whether MAPKAPK5-AS1 is involved in histone EZH2 enrichment 
in p21 promoter region. The p21 promoter-specific primers were 
designed for ChIP-qPCR in SW480, DLD-1, and HCT116 cells. The 
results showed that, compared with the control group, knockdown 
of MAPKAPK5-AS1 significantly reduced the enrichment of EZH2 
and H3K27me3 in the p21 promoter region; overexpression works 
just the opposite, suggesting that MAPKAPK5-AS1 and EZH2 can 
be enriched in the p21 promoter region and inhibit transcription 
(Figure 6G,H). We then decreased EZH2 expression in DLD-1 cells 
by transfection with si-EZH2. The qRT-PCR results suggested that 
the expression level of p21 increased following si-EZH2 transfec-
tion (Figure 6I). Taken together, the experimental results indicate 
that MAPKAPK5-AS1 promotes CRC cell proliferation by partly 
binding histone EZH2 and subsequently inhibiting the expression 
of the downstream target gene p21.

TABLE  1 Relationships between MAPKAPK5-AS1 expression 
and clinicopathological characteristics of colorectal cancer patients

Characteristics

MAPKAPK5-AS1
chi-
squared 
test  
P -value

Low 
expression 
(n = 25)

High 
expression 
(n = 25)

Age (y)

≤60 12 10 .56700

>60 13 15

Gender

Male 11 15 .25800

Female 14 10

Tumor size

≤5 cm 17 4 .00020**

>5 cm 8 21

Histological differentiation

Middle or high 19 7 .00068**

low or undiffer 6 18

TNM stage

I, II 17 7 .00460**

III, IV 8 18

Lymph node metastasis

Positive 9 15 .02450*

Negative 16 8

*P < .05. 
**P < .01. 
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3.6 | p21 is potentially involved in the oncogenic 
function of MAPKAPK5-AS1

To verify the effect of p21 in CRC cells, p21 was knocked down in DLD-1 
cells (Figure 7A,B). The CCK-8 and colony formation assays showed a 
significant change of CRC cell viability after p21 changed (Figure 7C). 
Edu shows that si-p21 transfects DLD-1 cells (Figure 7D). These data 

indicate that inhibition of p21 promotes CRC cell proliferation. We also 
undertook colony formation assays to determine whether p21 is in-
volved in MAPKAPK5-AS1-mediated CRC cell proliferation. DLD-1 cells 
were cotransfected with MAPKAPK5-AS1 and p21 shRNA. Colony for-
mation assays showed that proliferation of DLD-1 cells cotransfected 
with sh-MAPKAPK5-AS1 and sh-p21 was increased compared to that 
in HUCCT1 cells treated with sh-MAPKAPK5-AS1 alone (Figure 7E). 

F IGURE  2 MAPKAPK5-AS1 promotes colorectal cancer cell proliferation in vitro. A, CCK-8 assays were used to determine the 
proliferation of DLD-1 and SW480 cells following treatment with si-MAPKAPK5-AS1 2#, 3#, and the negative control (si-NC). B, Results of 
the colony formation of DLD-1 and SW480 cells transfected with MAPKAPK5-AS1 siRNA. C, Flow cytometry assays were used to analyze 
cell apoptosis in siRNA-transfected DLD-1 and SW480 cells. Representative images and data based on 3 independent experiments.  
Bars: ± SD. *P < .05, **P < .01
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Collectively, these data indicate that MAPKAPK5-AS1 partially pro-
motes proliferation of CRC cells by p21 downregulation.

4  | DISCUSSION

In recent years, more and more tumor-associated lncRNAs have 
been discovered.18 A large number of published works have re-
ported that these lncRNAs play an important role in multiple 

tumors.19-23 Our previous research shows that lncRNA SNHG17 
can promote the proliferation of CRC cells by inhibiting the expres-
sion of p57.24 The high expression of lncRNA LL22NC03-N64E9.1 
could predict poor prognosis in patients with colon cancer.25 Long 
ncRNA SH3PXD2A-AS1 inhibits p21 expression by binding EZH2 
to promote CRC cell proliferation.26 Therefore, the discovery of 
new CRC-related lncRNAs is of great significance for further under-
standing the molecular mechanisms of CRC progression and provid-
ing clinical therapeutic targets. In this study, we analyzed 2 sources 

F IGURE  3 MAPKAPK5-AS1 downregulation promotes cell cycle arrest and apoptosis in colorectal cancer cells in vitro. A, Bar chart 
represents the percentage of cells in G0/G1, S, or G2/M phase, as indicated. B, Proliferating DLD-1 and SW480 cells were labelled with 
5-ethynyl-2′-deoxyuridine (EdU). The Clickit reaction revealed EdU staining (red). Cell nuclei were stained with DAPI (blue). C, Apoptosis 
assay verifies apoptosis. Representative images and data based on 3 independent experiments. Bars: ± SD. **P < .01. siNC, negative control
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of high-throughput microarray data of CRC and found lncRNA 
MAPKAPK5-AS1. The expression of lncRNA MAPKAPK5-AS1 
in two CRC tissue microarrays was significantly upregulated and 
has not been previously reported. The above analysis results were 
further validated in 50 CRC tissues. Statistical analysis of clinical 
pathological data found that high expression of MAPKAPK5-AS1 
predicts poor prognosis in CRC patients.

Subsequently, we knocked down MAPKAPK5-AS1 in 2 
high-expression CRC cell lines and overexpressed it in the low-
expression cells, through a series of in vitro and in vivo func-
tional assays. MAPKAPK5-AS1 was found to promote the 
proliferation of CRC cells and inhibit its apoptosis. In summary, 
MAPKAPK5-AS1 plays an important role in the malignant phe-
notype of CRC.

F IGURE  4 Silencing of MAPKAPK5-AS1 inhibits colorectal cancer growth in vivo. A, Stable MAPKAPK5-AS1 knockdown DLD-1 cells 
were used for the in vivo study. Nude mice carrying tumors from respective groups are shown. B, Tumor volumes were calculated after 
injection every 2 days. C, qRT-PCR experiments were performed to detect the average expression of MAPKAPK5-AS1 in xenograft tumors. 
D, Tumor weights from 2 treatment groups are represented. E, Images of H&E staining and immunohistochemistry of the xenograft tumors. 
Representative Ki-67 protein levels in xenograft tumors as evaluated by immunohistochemistry. Representative images and data based on 3 
independent experiments. Bars: ± SD, *P < .05, **P < .01



     |  81JI et al.

Many lncRNAs can regulate the expression of downstream tar-
get genes by forming complexes with RNA-binding proteins,27-30 
then acts as an oncogene or a suppressor oncogene.31-35 In this 
study, we found that knockdown of MAPKAPK5-AS1 in CRC cells 
could lead to changes in related downstream genes, including p15, 
p21, p27, p57, KLF2, and Trail. Among them, p21 has high basal ex-
pression abundance in CRC cells, which aroused our interest. We 

examine published reports and find that some lncRNAs can play 
an oncogene function by inhibiting p21 at the transcriptional level, 
such as lncRNA LUCAT136,37 and lncRNA TUG1.38-41 In this study, 
we used bioinformatics analysis to predict possible binding proteins 
of MAPKAPK5-AS1 and further confirmed by RIP experiments 
that MAPKAPK5-AS1 binds to EZH2. Subsequently, qRT-PCR re-
sults showed that knockdown of MAPKAPK5-AS1 significantly 

F IGURE  5 MAPKAPK5-AS1 overexpression induces promotion of colorectal cancer cell proliferation. A, Level of MAPKAPK5-AS1 
in HCT116 cells transfected with pcDNA-MAPKAPK5-AS1 detected by quantitative PCR analysis. B-D, MTT, 5-ethynyl-2′-deoxyuridine 
(EdU) staining, and colon formation assays were used to determine cell viability. Representative images and data based on 3 independent 
experiments. Bars: ± SD, *P < .05, **P < .01
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upregulated the expression of p21. The ChIP-qPCR experiments 
confirmed that MAPKAPK5-AS1 can bind to EZH2 to inhibit the ex-
pression of p21 at the transcriptional level. In summary, we discov-
ered for the first time that MAPKAPK5-AS1 regulates the biological 

function of CRC by binding to EZH2 to silence the downstream tar-
get gene p21 at the transcriptional level.

We found that high expression of MAPKAPK5-AS1 in CRC 
tissue predicts poor prognosis in patients, and the activation 

F IGURE  6 MAPKAPK5-AS1 partly silences p21 transcription by binding to enhancer of zeste homolog 2 (EZH2). A, Expression levels of 
MAPKAPK5-AS1 in cell nucleus and cytoplasm in DLD-1 and SW480 cells investigated by quantitative RT-PCR (qRT-PCR). U6 was used as 
a nuclear marker, and GAPDH was used as a cytosol marker. B, FISH analysis of the location of MAPKAPK5-AS1 (red) in the cytoplasm and 
nuclear fractions (blue) of SW480 cells. C, Eight classical mRNA expression levels D, Expression of p21 was determined after knockdown 
of MAPKAPK5-AS1 by qRT-PCR and western blot assays after transfection. E, RNA immunoprecipitation assays were carried out in DLD-1 
and SW480 cells, and the coprecipitated RNA was subjected to qRT-PCR for MAPKAPK5-AS1. F, DUXAP10 was used as negative control. 
G, ChIP-qRT-PCR of EZH2 occupancy and H3K27me3 binding in the p21 promoter in DLD-1 and SW480 cells treated with si-MAPKAPK5-
AS1 (48 hours) or the negative control (si-NC); IgG as negative control. H, ChIP-qRT-PCR of EZH2 occupancy and H3K27me3 binding in the 
p21 promoter in HCT116 cells treated with pcDNA-MAPKAPK5-AS1; IgG as negative control. I, qRT-PCR assays were used to determine 
the expression of EZH2 in DLD-1 cells after EZH2 knockdown. p21 expression was investigated in DLD-1 cells after knockdown of EZH2 
through qRT-PCR and western blot assays. Representative images and data based on 3 independent experiments. Bars: ± SD, *P < .05, 
**P < .01



     |  83JI et al.

of the MAPKAPK5-AS1/EZH2/p21 regulatory axis plays an 
important role in the progression of CRC. However, this con-
clusion still needs to be expanded to verify clinical samples. 
MAPKAPK5-AS1 could play another role in CRC and further 
research is needed.
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