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1  | INTRODUC TION

Colorectal cancer (CRC) is a common malignant tumor.1 In recent 
decades, diagnosis and treatment technology has made great prog-
ress; the 5- year survival rate for CRC in the localized stage is now 

90.1%. However, only 39% of CRC cases are detected in the local-
ized stage,2,3 and the 5- year survival rate in distant metastasis cases 
is 69.2%. Therefore, recent research has focused on the pathogene-
sis of CRC and more effective strategies for the early diagnosis and 
treatment of CRC.4- 6
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Abstract
The purpose of this study was to investigate the pathogenesis of colorectal cancer 
(CRC) and the effects of the long noncoding RNA plasmacytoma variant transloca-
tion 1 (PVT1) on CRC progression. Bioinformatics analysis verified PVT1 expression 
in tumor and normal tissues. Quantitative PCR and western blotting were used to 
measure mRNA and protein levels, respectively. The MTT, Transwell, colony forma-
tion, and in vivo assays were used to assess the effects of PVT1 on proliferation, 
migration, and invasion by CRC cells. Both PVT1 and microRNA (miR)- 152- 3p were 
shown to be colocalized in CRC cells using FISH assay. The target genes of miR- 152- 3p 
were predicted and verified by bioinformatics analysis, luciferase assay, and RNA pull- 
down assay. The ChIP assay revealed that E2F3 binds with the promoter of MAPK8. 
We found that PVT1 was overexpressed in CRC specimens, and its expression was 
higher in CRC cells than normal intestinal cells. Overexpression of PVT1 enhanced 
the proliferation, migration, and invasion of CRC cells, whereas PVT1 knockdown 
inhibited these processes. MicroRNA- 152- 3p was a target of PVT1, and E2F3 was a 
target of miR- 152- 3p. Rescue experiments confirmed the interaction between miR- 
152- 3p and PVT1 and between miR- 152- 3p and E2F3. Luciferase and ChIP assay re-
sults confirmed that E2F3 modulates the transcriptional activation of MAPK8. Long 
noncoding RNA PVT1 activated E2F3 signaling by sponging miR- 152- 3p. The PVT1/
miR- 152- 3p/E2F3/MAPK8 axis promoted CRC progression.
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Long noncoding RNAs (lncRNAs) are a family of noncoding RNAs 
with a length over 200 nt in the nucleus or cytoplasm. Long noncod-
ing RNA plasmacytoma variant translocation 1 (PVT1) is a cancerous 
lncRNA with a transcript length of 1957 bases. Many studies have 
shown that PVT1 is overexpressed in malignant tumors in diseases 
such as non- small- cell lung cancer,7 hepatocellular carcinoma,8 gas-
tric cancer,9 CRC,10 pancreatic cancer,11 cervical cancer,12 and ovar-
ian cancer.13 Thus, abnormal levels of PVT1 are closely associated 
with the progression of cancers, including CRC.14,15 However, the 
role of PVT1 in CRC has not been fully elucidated.

MicroRNAs (miRNAs) are a class of single- stranded small RNAs 
that participate in the development of tumors by modulating bio-
logical processes such as tumor cell proliferation, invasion, and me-
tastasis.16 MicroRNA (miR)- 152- 3p is a member of the miR- 148/152 
cluster, which is involved in cellular activities such as proliferation, 
invasion, and angiogenesis.17,18 MicroRNA- 152 exerts a tumor- 
suppressive effect and is dysregulated in various malignant tumors. 
E2F transcriptional regulators regulate cell proliferation, differentia-
tion, and apoptosis- related gene transcription.19,20 E2F3, an import-
ant member of the E2F family, plays an important role in regulating 
cell proliferation, apoptosis, and differentiation.

In this study, we found that PVT1 is involved in the malignant 
progression of CRC. It promoted the proliferation, invasion, and mi-
gration of CRC cells by downregulating miR- 152- 3p. Additionally, 
E2F3 was a target of miR- 152- 3p. Moreover, E2F3 modulated the 
transcriptional activation of MAPK8. In short, PVT1 promoted CRC 
progression through the miR- 152- 3p/E2F3/MAPK8 signaling axis 
and thus could be used as a biomarker for CRC.

2  | MATERIAL S AND METHODS

2.1 | Specimens

Twenty- five pairs of tumor tissues and adjacent normal tissues were 
collected from CRC patients hospitalized at the Affiliated Hospital of 
Hebei University of Engineering and stored at −80℃. Ten patients 
were in stage II, nine were in stage III, and six were in stage IV. Not all 
patients underwent chemotherapy or radiotherapy before the study. 
This study was approved by the Ethics Committee of the Affiliated 
Hospital of Hebei University of Engineering, and all participants pro-
vided signed informed consent. All procedures were carried out in 
accordance with the Declaration of Helsinki.

2.2 | Cell cultures

Human CRC cell lines SW620, SW480, LOVO, HCT116, HT- 29, 
DLD- 1, and M5 and normal intestinal epithelial cells (HFC) were 
purchased from the Shanghai Cell Bank of the Chinese Academy 
of Sciences. HCT116, LOVO, and SW620 cells were incubated with 
McCoy’s 5A, F12k, and L15 media, respectively, each containing 
10% FBS. HT- 29, SW480, M5, and HFC were cultured with DMEM 

(Gibco) supplemented with 10% FBS (Gibco) and 100 U/mL penicillin- 
streptomycin (Beyotime) at 37℃ in a humidified atmosphere with 5% 
CO2. DLD1 cells were incubated in RPMI- 1640 medium containing 
10% FBS.

2.3 | Cell transfection

An miR- 152- 3p mimic (forward [F], 5′- UCAGUGCAACUGACAGA 
ACUUGG- 3′; reverse [R], 5′- UAGCCACGGUUGUGUAAAGUCUG- 3′), 
an miR- 152- 3p inhibitor (F, 5′- CGCGCUAGCAGCACGUAAAU- 3′; R, 5- G 
UGCAGGGUCCGAGGUCAUC- 3′), and their negative controls (F, 5′- CAGU 
ACUUUUGUGUAGUACAA- 3′; R, 5′- CAGUACUUUUGUGUAGUACA 
A- 3′), as well as a si- E2F3 (GCTT CCAAAGACTTGGCTT) were obtained  
from GenePharma. The pSilencer (shPVT1- 1, 5′- GCUUGGAGGCUGAGG 
AGUUTT- 3′; shPVT1- 2, 5′- CCCAACAGGAGGACAGCUUTT- 3′) and 
pcDNA3.1 plasmids for silencing or overexpressing PVT1 were obtained 
from General Biocompany. The antagomir- 152- 3p was purchased from 
RiboBio. Colorectal cancer cells were seeded into a 24- well plate. Twenty- 
four hours later, the cells were transfected with mimic, inhibitor, negative 
controls, or specific plasmids for 48 hours using Lipofectamine 2000 fol-
lowing the manufacturer’s instructions.

2.4 | Cell viability assay

After 48 hours of transfection, 1 × 104 cells were seeded into a 96- 
well plate and incubated at room temperature. At 12, 24, 48, and 
72 hours, the culture medium was replaced with new medium con-
taining 10% MTT solution. After 4 hours, 100 μL DMSO was added 
into each well. The absorbance of each well was measured with a 
microplate reader (Sunrise Tecan’s Magellan 2) at a wavelength of 
450 nm, and the cell viability curve was drawn.

2.5 | Wound healing assay

After transfection, cells were seeded into a 24- well plate (2 × 105 
cells/mL) and cultured in an incubator at 37℃ in 5% CO2. A cul-
tured cell scratch model was established by using a sterile pipette 
tip. Cells were then rinsed with D- Hank’s solution to remove 
the falling cells, and serum- free culture medium was added. 
Subsequently, cells were observed under a microscope and im-
aged (Leica).

2.6 | Transwell cell migration assay

First, the upper chamber was precoated with Matrigel (BD). 
Transfected SW620 and LOVO cells were seeded into the upper 
chamber (Millipore) and cultured in 200 μL serum- free medium. 
Medium containing 12% FBS was added to the lower chamber. 
Twenty- four hours later, cells that had invaded the lower chamber 
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were fixed with methanol and stained with 0.1% crystal violet at 
room temperature for 20 minutes. Finally, the stained cells were 
observed and imaged under an optical microscope (Nikon).

2.7 | Colony formation experiment

After transfection, the SW620 and LOVO cells (2 × 102 cells/well) 
were seeded into a 12- well plate and cultured with medium contain-
ing 10% FBS. The cells were cultured at 37°C in an atmosphere hu-
midified with 5% CO2 for 2 weeks. Finally, the cell colonies were 
fixed with 4% paraformaldehyde and stained with 0.1% crystal violet 
at room temperature for 15 minutes. The colonies were imaged and 
counted using ImageJ software (Bio- Rad).

2.8 | Quantitative real- time PCR

After extracting total RNA with TRIzol reagent (Invitrogen), 5 μg RNA 
was reverse transcribed into cDNA using a reverse transcription kit 
(Takara) according to the manufacturer’s instructions. Quantitative 
real- time PCR (qPCR) was carried out in a 7500 Fast Real- Time PCR 
System (ABI). Reaction conditions were as follows: predenaturation 
at 96℃ for 5 minutes, denaturation at 96℃ for 30 seconds, anneal-
ing at 54℃ for 30 seconds, extension at 72℃ for 30 seconds (30 cy-
cles), and finally, extension at 72℃ for 10 minutes and stored at 4℃. 
The relative expression level was calculated using the 2−ΔΔCt method. 
GAPDH and U6 were used as the internal controls for the mRNA 
and miRNAs, respectively. The sequences of the primers used were 
as follows: PVT1 F, 5′- TGAGAACTGTCCTTACGTGACC- 3′ and R, 
5′- AGAGCACCAAGACTGGCTCT- 3′; miR- 152- 3p F, 5′- ACACTCCAGCT
GGGTCAGTGCATGACAG- 3′ and R, 5′- CTCAACTGGTGTCGTGGAGT 
CGGCAATTCAGTTGAGCCAAGTT- 3′; E2F3 F, 5′- GTATGATACGTCT 
CTTGGTCTGC- 3′ and R, 5′- CAAATCCAATACCCCATCGGG- 3′; MAPK8 
F, 5′- TGAGAAGGGTGACTGCATCG- 3′ and R, 5′- ACCAAACCATTGAC 
ACCGAAG- 3′; U6 F, 5′- AAAGCAAATCATCGGACGACC- 3′ and R, 
5′- GTACAACACATTGTTTCCTCGGA- 3′; and GAPDH F, 5′- AGC 
CACATCGCTCAGACAC- 3′ and R, 5′- GCCCAATACGACCAAATCC- 3′.

2.9 | Western blot analysis

After transfection, cells were washed with cold PBS and collected. 
We used RIPA cell lysate to lyse the cells and extract the total pro-
tein. The Bradford method was applied to evaluate the amount of 
protein. Then 40 μg protein was separated with 12% SDS- PAGE. 
After electrophoresis, the protein was transferred to PVDF mem-
branes by electrotransfer. The membranes were then blocked with 
skim milk at room temperature for 2 hours. Subsequently, the mem-
branes were incubated with primary Abs overnight at 4℃, then the 
blots were incubated with the goat anti- rabbit secondary Ab at room 
temperature for 2 hours. Finally, the membranes were visualized 
using an ECL fluorescence detection kit (Beyotime) and analyzed 
with ImageJ software (Bio- Rad).

2.10 | Dual luciferase reporter assay

Bioinformatics software was used to predict the target genes of miR- 
152- 3p. The WT and mutant sequence containing the binding sites 
of miR- 152- 3p were synthesized and cloned into the pGL3.1 reporter 
plasmid. The WT and mutant plasmids, along with the miR- 152- 3p 
mimic and its negative control, were transfected into CRC cells. After 
48 hours, a microplate reader was used to detect firefly and Renilla lucif-
erase activity. The ratio of firefly fluorescence was normalized to Renilla.

2.11 | RNA pull- down

A biotin- labeled miR- 152- 3p probe and a negative control were 
obtained from Sangon Biotech. Colorectal cancer cells were trans-
fected with specific probes; 48 hours later, CRC cells were harvested 
and lysed. The lysates were then incubated with precoated beads 
overnight. RNA enrichment was evaluated by qPCR assay.

2.12 | Fluorescence in situ hybridization

Cy3- labeled miR- 152- 3p and FAM- labeled PVT1 probes were obtained 
from GenePharma. Signals from the cy3- labeled miR- 152- 3p and FAM- 
labeled PVT1 probes were detected using an in situ hybridization kit 
(RiboBio) according to the manufacturer’s instructions. Cell nuclei were 
then stained with DAPI for 5 minutes at room temperature. Finally, the 
images were photographed with a confocal microscope (Leica).

2.13 | Xenograft model

Six- week- old male nude mice (Beijing Vital River Laboratory Animal 
Technology) weighing 20- 25 g were used for the in vivo study. Each 
mouse was injected subcutaneously with 5 × 106 CRC cells. Tumor 
size was measured every 3 days (volume = length (mm) × width 
(mm)2 × 0.5). At the end of the experiment, the mice were killed, and 
the tumors were removed and weighed.

2.14 | Statistical analysis

The statistical analysis was undertaken using SPSS 21.0 software. 
Data were expressed as mean ± SD. Student’s t test was used for com-
parison between two groups, and ANOVA was used for comparison 
among multiple groups. P < .05 was considered statistically significant.

3  | RESULTS

3.1 | High expression of PVT1 in CRC

To study the biological role of lncRNA in CRC, we first screened 
the dysregulated lncRNAs in CRC. Bioinformatics analysis based on 
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the GEO database showed that PVT1 was highly expressed in CRC 
tissues (Figure 1A,B). We used a qPCR assay to verify this result. 
As shown in Figure 1C, PVT1 was significantly upregulated in CRC 
tissues. Moreover, PVT1 was significantly upregulated in CRC cells 
compared to intestinal epithelial cells, which were more potent in 
LOVO and SW620 (Figure 1D). Therefore, these two types of cells 
were chosen for the further research.

3.2 | Plasmacytoma variant translocation 1 
promotes malignant behavior of CRC cells

To study the impacts of PVT1 on CRC progression, we investigated the 
effects of PVT1 on the proliferation, invasion, and migration of CRC 
cells. The expression level of PVT1 was significantly increased after 
transfection with PVT1 overexpression plasmids and reduced by PVT1 
knockdown plasmids, indicating that cells were successfully transfected 
(Figure 2A). The proliferation of CRC cells was inhibited by knockdown 
of PVT1 but promoted by PVT1 overexpression (Figure 2B,C). Moreover, 
overexpression of PVT1 promoted the migration and invasion of CRC 
cells, whereas knockdown of PVT1 had the opposite effect (Figure 2D,E).

3.3 | Plasmacytoma variant translocation 1 sponges 
miR- 152- 3p in CRC cells

A bioinformatics analysis showed the binding site between miR- 152- 3p 
and PVT1 (Figure 3A). Luciferase assay revealed that miR- 152- 3p could 
bind with PVT1 directly (Figure 3B). RNA pull- down confirmed that 
PVT1 could bind with miR- 152- 3p (Figure 3C). Pearson analysis showed 

that the expression of PVT1 was negatively correlated with that of 
miR- 152- 3p (Figure 3D). Fluorescence in situ hybridization showed that 
PVT1 and miR- 152- 3p were colocalized in CRC cells (Figure 3E).

3.4 | MicroRNA- 152- 3p reversed effects of PVT1 on 
malignant behavior of CRC cells

To further study the relationship between PVT1 and miR- 152- 3p, 
we undertook rescue experiments. The results showed that over-
expression of PVT1 significantly reduced the level of miR- 152- 3p, 
whereas the miR- 152- 3p mimic transfection notably enhanced the 
level of miR- 152- 3p (Figure 4A). The PVT1- induced CRC cell pro-
liferation was also reversed by miR- 152- 3p (Figure 4B,C). These 
findings were consistent with the results from wound healing and 
Transwell assays. As shown in Figure 4D,E, miR- 152- 3p antagonized 
the effects of PVT1 on the migration and invasion of CRC cells.

3.5 | MicroRNA- 152- 3p directly targets E2F3 in 
CRC cells

To elucidate the mechanism underlying miR- 152- 3p, we predicted 
the potential targets of miR- 152- 3p using TargetScan, DIANA, and 
miRWalk. As illustrated in Figure 5A, all three software programs 
suggested 440 genes as the potential targets of miR- 152- 3p. The 
DAVID software was then used to carry out enrichment analysis 
(Figure 5B). E2F3 was reported to be involved in both cell prolifera-
tion and transcriptional modulation. We therefore investigated the 
role of E2F3. Figure 5C shows the target region between E2F3 and 

F I G U R E  1   Long noncoding RNA 
plasmacytoma variant translocation 1 
(PVT1) is highly expressed in colorectal 
cancer (CRC). A, B, Bioinformatics 
analysis based on the GEO database was 
carried out to evaluate the dysregulated 
expression of PVT1 in CRC. C, D, 
Quantitative real- time PCR was used to 
detect the expression of PVT1 in normal 
tissues, CRC tissues, intestinal epithelial 
cells, and CRC cell lines. **P < .01
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F I G U R E  2   Plasmacytoma variant translocation 1 (PVT1) promoted the malignant behavior of colorectal cancer (CRC). pSilencer/sh- PVT1 
and pcDNA3.1/PVT1 were transfected to knockdown or overexpressing PVT1, respectively. A, Quantitative real- time PCR was used to 
assess PVT1 expression. B, C, MTT and colony formation assays were used to detect the proliferation of CRC cells after overexpression or 
knockdown of PVT1. D, Transwell assay was used to evaluate the invasion of CRC cells. E, Cell migration was investigated using a wound 
healing assay. *P < .05, **P < .01. NC, negative control

F I G U R E  3   Plasmacytoma variant translocation 1 (PVT1) sponges microRNA (miR)- 152- 3p in colorectal cancer cells. A, Bioinformatics 
analysis showed the binding site between PVT1 and miR- 152- 3p. B, Luciferase assay verified the combination of PVT1 and miR- 152- 3p. C, 
RNA pull- down confirmed the interaction between PVT1 and miR- 152- 3p. D, Pearson analysis evaluated the correlation between PVT1 and 
miR- 152- 3p. E, FISH detected the colocalization of miR- 152- 3p and PVT1. **P < .01
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miR- 152- 3p. As the luciferase assay indicated, overexpression of 
miR- 152- 3p reduced the luciferase activity of the reporter carrying 
WT E2F3 3′- UTR (P <.05) (Figure 5D). In addition, overexpression 
of miR- 152- 3p significantly decreased the level of E2F3, whereas 
knockdown of miR- 152- 3p exerted the opposite effect (Figure 5E). 
Pearson analysis showed that miR- 152- 3p was negatively corre-
lated with E2F3 expression (Figure 5F). RNA pull- down of LOVO 
and SW620 cells showed that there was a positive interaction be-
tween miR- 152- 3p and E2F3 (Figure 5G). In addition, the expres-
sion of PVT1 was positively correlated with E2F3 (Figure 5H).

3.6 | Knockdown of E2F3 reversed the 
effect of PVT1

The expression of E2F3 was significantly increased by PVT1 
overexpression but decreased by E2F3 knockdown (Figure 6A). 

Plasmacytoma variant translocation 1 promoted the prolifera-
tion of CRC cells, whereas knockdown of E2F3 could reverse 
the effect of PVT1 (Figure 6B,C). The results of cell invasion 
and migration experiments showed that PVT1 promoted CRC 
cell invasion and migration, whereas knockdown of E2F3 could 
reverse the effect of PVT1 on CRC cell invasion and migration 
(Figure 6D,E).

3.7 | Knockdown of PVT1 inhibits growth of 
CRC cells

To study the biological effects of PVT1, we carried out an in vivo 
study. The findings of animal experiments showed that silencing of 
PVT1 reduced tumor volume and weight. Silencing of miR- 152- 3p 
significantly reversed the antitumor effect of PVT1 knockdown 
(Figure 7A- C). qPCR was used to detect the expression of PVT1 and 

F I G U R E  4   MicroRNA (miR)- 152- 3p reversed the effect of plasmacytoma variant translocation 1 (PVT1) in colorectal cancer (CRC) cells. 
CRC cells were transfected with pcDNA3.1/ PVT1, miR- 152- 3p mimics, or their combination. A, miR- 152- 3p expression was detected by 
quantitative real- time PCR. B, C, MTT and colony formation assays were used to detect the proliferation of CRC cells. D, Transwell assay was 
used to evaluate the invasion of CRC cells. E, Cell migration was investigated using a wound healing assay. **P < .01. NC, negative control

F I G U R E  5   MicroRNA (miR)- 152- 3p targets E2F3 in colorectal cancer cells. A, Bioinformatics prediction based on the TargetScan, DIANA, 
and miRWalk databases screened the targets of miR- 152- 3p. B, Enrichment analysis of the 440 potential target genes was carried out using 
DAVID software. C, Binding site between miR- 152- 3p and E2F3. D, Luciferase assay verified the combination of miR- 152- 3p and E2F3. 
E, Pearson analysis was conducted to detect the correlation between PVT1 and miR- 52- 3p. F, Pearson analysis evaluated the correlation 
between miR- 152- 3p and E2F3. G, RNA pull- down confirmed the interaction between miR- 152- 3p and E2F3. H, Quantitative real- time PCR 
assessed the E2F3 expression in each group. **P < .01. NC, negative control
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MAPK8 in the tumors. sh- PVT1 sigfinicantly inhibited the expres-
sion of PVT1 and MAPK8. Antagomir has no effect of the expres-
sion of PVT1 but notably elevated the expression level of MAPK8 
(Figure 7D, E). Moreover, IHC was performed to evaluate the ex-
pression of MAPK8, sh- PVT1 attenuated the expression of PVT1 
and antagomir elevated the expression level of MAPK8 (Figure 7F).

3.8 | Long noncoding RNA PVT1/miR- 152- 3p/E2F3 
axis promotes CRC progression by regulating MAPK8

To study the role of the PVT1/miR- 152- 3p/E2F3 axis in CRC, we 
tested the expression of the downstream gene MAPK8. The ex-
perimental results showed that PVT1 and E2F3 promoted the 
transcriptional activation of MAPK8 (Figure 8A,B). Chromatin im-
munoprecipitation showed that E2F3 could bind with the promoter 
of the MAPK8 (Figure 8C). In addition, overexpression of PVT1 and 
E2F3 promoted the expression of MAPK8, while knockdown of 
PVT1 and E2F3 inhibited that (Figure 8D- F).

4  | DISCUSSION

Colorectal cancer is a common gastrointestinal tumor with high 
morbidity and mortality.6,21 There has been limited development in 
lncRNA- targeted therapies. Some lncRNAs regulate the biological 
process of CRC, which in turn induces the pathogenesis of tumors. 
For instance, lncRNA MIR100HG, miR- 100, and miR- 125b mediate 
the resistance of CRC cells to cetuximab by inhibiting the activa-
tion of the Wnt/β- catenin pathway.22 Long noncoding RNA CCAT1 
functions as competing endogenous RNA (ceRNA) to promote the 
activation of ITPKB by sponging miR- 410, inhibiting the prolifera-
tion of CRC cells.23

The purpose of this study was to explore the role of the PVT1/
miR- 152- 3p axis in the malignant progression of CRC and the un-
derlying mechanism. Takahashi et al10 reported that PVT1 is highly 
expressed in CRC tissues and cell lines. Overexpression of PVT1 is 
closely related to CRC lymph node metastasis, vascular invasion, and 
tumor stages. Thus, PVT1 can be an independent influencing factor 
for CRC patients with a poor prognosis. In addition, downregulation of 

F I G U R E  6   Knockdown of E2F3 reversed the effects of plasmacytoma variant translocation 1 (PVT1). Colorectal cancer (CRC) cells were 
transfected with pcDNA3.1/PVT1, si- E2F3, or their combination. A, Quantitative real- time PCR was used to detect E2F3 expression. B, 
C, MTT and colony formation assays were used to detect the proliferation of CRC cells. D, Transwell assay was carried out to evaluate the 
invasion of CRC cells. E, Cell migration was investigated using a wound healing assay. **P < .01. NC, negative control

F I G U R E  7   Long noncoding RNA plasmacytoma variant translocation 1 (PVT1) promoted tumor growth. SW620 cell line stably expressing 
pSilencer/sh- PVT1 was used to establish the xenograft mouse model. Antagomir- 152- 3p (80 mg/kg) was injected into the tail vein once a 
week. A, Image of tumors in each group. B, Growth curves of tumors were constructed. C, Weight of tumors in each group was detected. D, 
E, qPCR was performed to detect the expression of PVT1 and MAPK8 in the tumors. F, IHC was used to evaluate the expression of MAPK8 
in the tumors. **P < .01. NC, negative control



118  |     LIU et aL.

PVT1 inhibits the proliferation, invasion, and metastasis of CRC cells 
and promotes the apoptosis of CRC cells. However, the mechanisms 
underlying these effects of PVT1 are complicated. As reported, PVT1 
can increase the antiapoptotic effect of CRC cells and promotes tumor 
growth by inhibiting the transforming growth factor- β signaling path-
way. Meanwhile, it participates in the progression of CRC by modulat-
ing the expression of c- Myc and its three target genes, FUBP1, EZH2, 
and NPM1. A recent study reported that PVT1 stabilizes miR- 16- 5p 
and interacts with the vascular endothelial growth factor (VEGF) A/
VEGF receptor 1/AKT axis to promote the progression of CRC. These 
studies indicate that PVT1 plays a critical role in the development of 
CRC. Continuing to study the effects and mechanism of PVT1 could 
uncover novel strategies for the treatment of CRC.

In this study, we found that the expression of PVT1 was nega-
tively correlated with that of miR- 152- 3p. Overexpression of PVT1 
significantly promoted tumor proliferation, migration, and invasion.

MicroRNAs play important regulatory roles in the develop-
ment of various tumors.24,25 Recent studies have found that some 
miRNAs promote and inhibit the invasion or metastasis of CRC 
tumors by adjusting related genes, thus providing potential thera-
peutic targets for antimetastatic strategies. MicroRNA- 152- 3p has 
been confirmed as an anticancer gene in CRC. It inhibits the de-
velopment of CRC by modulating the PIK3R3 and AKT- ERK path-
ways. In this study, overexpression of miR- 152- 3p antagonized 
the effects of PVT1 on the proliferation and metastasis of CRC 
cells. This result confirmed the antitumor function of miR- 152- 3p 
in CRC. A recent study reported that PVT1 sponges miR- 152- 3p 
and regulates the expression of Hepatoma derived growth factor 

(HDGF) in gastric cancer. We think that this finding supported our 
conclusion in colon cancer.26

To elucidate the mechanism of CRC, we investigated the down-
stream gene miR- 152- 3p in CRC. MicroRNA- 152- 3p directly targeted 
E2F3 in CRC cells. Transcriptional factor E2F is important in cell 
cycle regulation from the G1 phase to the S phase. E2F transcription 
is closely correlated with the occurrence and apoptosis of tumors.27 
In addition, E2F acts as an oncogene in the development of many 
human cancers. Abnormal expression of E2F was found in various 
cancers, such as prostate cancer, skin cancers, and CRC. In this 
study, we found that as an oncogene in CRC, E2F3 might mediate 
the oncogenic effect of the PVT1/miR- 152 axis. As a transcription 
factor, E2F3 was confirmed to modulate the transcriptional activa-
tion of MAPK8.

5  | CONCLUSION

In the present study, PVT1 targeted miR- 152- 3p and inhibited the 
anticancer effect of miR- 152- 3p in CRC. Plasmacytoma variant 
translocation 1 acts as a ceRNA of E2F3 to modulate its expression 
and the transcriptional activation of MAPK8. Therefore, our findings 
revealed new aspects of the cellular functional and pathophysiologi-
cal role of PVT1 and miR- 152- 5p, both of which might be considered 
potential molecular targets for the treatment of CRC.
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F I G U R E  8   Plasmacytoma variant translocation 1 (circPVT1)- microRNA (miR)- 152- 3p- E2F3 axis promotes the mechanism of MAPK8. A, 
Luciferase reporter carrier experiment suggests that PVT1 has an effect on the transcriptional activation of MAPK8. B, Luciferase reporter 
carrier experiment suggests that E2F3 affects the transcriptional activation of MAPK8. C, ChIP confirmed that E2F3 can enrich the MAPK8 
gene. D, Quantitative real- time PCR suggests that both PVT1 and E2F3 promote MAPK8 gene expression. E, F, Western blot analysis 
suggests that both PVT1 and E2F3 can regulate MAPK8 protein expression. **P < .01. NC, negative control

https://orcid.org/0000-0002-9307-7693
https://orcid.org/0000-0002-9307-7693


     |  119LIU et aL.

R E FE R E N C E S
 1. Siegel RL, Miller KD, Goding Sauer A, et al. Colorectal cancer statis-

tics, 2020. CA Cancer J Clin. 2020;70(3):145- 164.
 2. Miller KD, Nogueira L, Mariotto AB, et al. Cancer treatment and 

survivorship statistics, 2019. CA Cancer J Clin. 2019;69(5):363- 385.
 3. Zhong W, Chen S, Zhang Q, et al. Doxycycline directly targets PAR1 

to suppress tumor progression. Oncotarget. 2017;8:16829- 16842.
 4. Wei S, Mei JZ, Zhang M. Long noncoding RNA PlncRNA- 1 promotes 

colorectal cancer cell progression by regulating the PI3K/Akt sig-
naling pathway. Oncol Res. 2018;26(2):261- 268.

 5. Klaassen CH, Jeunink MAF, Prinsen CFM, et al. Quantification of 
human DNA in feces as a diagnostic test for the presence of col-
orectal cancer. Clin Chem. 2020;49(7):1185- 1187.

 6. Zhong W, Yang W, Qin Y, et al. 6- Gingerol stabilized the p- VEGFR2/
VE- cadherin/beta- catenin/actin complex promotes microvessel 
normalization and suppresses tumor progression. J Exp Clin Cancer 
Res. 2019;38:285.

 7. Wan L, Sun M, Liu GJ, Wei CC, Wang ZXJMCT. Long noncoding 
RNA PVT1 promotes non- small cell lung cancer cell proliferation 
through epigenetically regulating LATS2 expression. Mol Cancer 
Ther. 2016;15:1082.

 8. Wang F, Yuan JH, Wang SB, et al. Oncofetal long noncoding RNA 
PVT1 promotes proliferation and stem cell- like property of he-
patocellular carcinoma cells by stabilizing NOP2. Hepatology. 
2014;60(4):1278- 1290.

 9. Kong R, Zhang E- B, Yin D- D, et al. Long noncoding RNA PVT1 in-
dicates a poor prognosis of gastric cancer and promotes cell prolif-
eration through epigenetically regulating p15 and p16. Mol Cancer. 
2015;14(1):82.

 10. Takahashi Y, Sawada G, Kurashige J, et al. Amplification of PVT- 1 
is involved in poor prognosis via apoptosis inhibition in colorectal 
cancers. Br J Cancer. 2014;110(1):164- 171.

 11. Huang C, Yu W, Wang Q, et al. Increased expression of the lncRNA 
PVT1 is associated with poor prognosis in pancreatic cancer pa-
tients. Minerva Med. 2015;106:143.

 12. Marissa I, Samantha F, Li K, et al. The lncRNA PVT1 contributes 
to the cervical cancer phenotype and associates with poor patient 
prognosis. PLoS One. 2016;11(5):e0156274.

 13. Guan Y, Kuo WL, Stilwell JL, et al. Amplification of PVT1 contrib-
utes to the pathophysiology of ovarian and breast cancer. Clin 
Cancer Res. 2007;13:5745- 5755.

 14. Zou H, Wu LX, Yang Y, Li S, Zhou HHJO. lncRNAs PVT1 and HAR1A 
are prognosis biomarkers and indicate therapy outcome for diffuse 
glioma patients. Oncotarget. 2017;8(45):78767- 78780.

 15. Xi X, Liu N, Wang Q, et al. ACT001, a novel PAI- 1 inhibitor, exerts 
synergistic effects in combination with cisplatin by inhibiting PI3K/
AKT pathway in glioma. Cell Death Dis. 2019;10:757.

 16. Xie H, Ren X, Xin S, et al. Emerging roles of circRNA_001569 tar-
geting miR- 145 in the proliferation and invasion of colorectal can-
cer. Oncotarget. 2016;7(18):26680- 26691.

 17. Pazzaglia L, Novello C, Conti A, Pollino S, Picci P, Benassi MS. miR- 
152 down- regulation is associated with MET up- regulation in leio-
myosarcoma and undifferentiated pleomorphic sarcoma. Cell Oncol. 
2017;40(1):77- 88.

 18. Liu X, Li J, Qin F, Dai SJOL. miR- 152 as a tumor suppressor mi-
croRNA: target recognition and regulation in cancer (Review). Oncol 
Lett. 2016;11(6):3911- 3916.

 19. Fang Y, Gu X, Li Z, Xiang J, Chen Z. miR- 449b inhibits the prolifera-
tion of SW1116 colon cancer stem cells through downregulation of 
CCND1 and E2F3 expression. Oncol Rep. 2013;30(1):399- 406.

 20. Saavedra HI, Maiti B, Timmers C, et al. Inactivation of E2F3 results 
in centrosome amplification. Cancer Cell. 2003;3(4):333- 346.

 21. Zhou B, Zong S, Zhong W, et al. Interaction between laminin- 
5gamma2 and integrin beta1 promotes the tumor budding of 
colorectal cancer via the activation of Yes- associated proteins. 
Oncogene. 2020;39(7):1527- 1542.

 22. Ding C, Yang Z, Lv Z, et al. Long non- coding RNA PVT1 is associated 
with tumor progression and predicts recurrence in hepatocellular 
carcinoma patients. Oncol Lett. 2015;9(2):955- 963.

 23. Gou X, Zhao X, Wang ZJCB. Long noncoding RNA PVT1 promotes 
hepatocellular carcinoma progression through regulating miR- 214. 
Cancer Biomark. 2017;20(4):511- 519.

 24. Martello G., Rosato A., Ferrari F., et al. A MicroRNA targeting dicer 
for metastasis control. Cell. 2010;141(7):1195- 1207

 25. Bychkov D, Linder N, Turkki R, et al. Deep learning based tissue anal-
ysis predicts outcome in colorectal cancer. Sci Rep. 2018;8:3395.

 26. Wang X, Zhang Y, Li W, et al. Knockdown of cir_RNA PVT1 elevates 
gastric cancer cisplatin sensitivity via sponging miR- 152- 3p. J Surg 
Res. 2021;261:185- 195.

 27. Leone G, Degregori J, Yan Z, et al. E2F3 activity is regulated during 
the cell cycle and is required for the induction of S phase. Genes 
Dev. 1998;12:2120- 2130.

How to cite this article: Liu X, Li L, Bai J, et al. Long noncoding 
RNA plasmacytoma variant translocation 1 promotes 
progression of colorectal cancer by sponging microRNA- 152- 
3p and regulating E2F3/MAPK8 signaling. Cancer Sci. 
2022;113:109– 119. https://doi.org/10.1111/cas.15113

https://doi.org/10.1111/cas.15113

