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Background: It was reported that long-noncoding RNAs (lncRNAs) had been identified as 
a novel class of regulators related to various cancers. RPARP-AS1, a differentially-expressed 
gene, was found in analysis of the gene expression profile of CRC from GEO database. 
However, its function has not been clear.
Methods: RPARP-AS1 expression was determined by qPCR and Startbase3 analysis. 
Knockdown of RPARP-AS1 in CRC cell lines was performed by RNAi technology, named 
si-RPARP-AS1 HCT116 and si-RPARP-AS1 LoVo. Cell proliferation was examined by 
CCK8 and colony formation assay. RNA pull-down and Luciferase reporter assay were 
performed to confirm the interaction between RPARP-AS1 and miR-125a-5p.
Results: In the study, we found that the expression of RPARP-AS1 was significantly up- 
regulated in CRC tissues and multiple CRC cell lines, which was closely related to poor 
prognosis of CRC patients. Loss-of-function studies indicated that knockdown of RPARP-AS1 
inhibited CRC cell proliferation, migration and invasion in HCT116 and LoVo cell lines. 
Results of research on the mechanisms showed that RPARP-AS1 functioned as a competitive 
endogenous RNA (ceRNA) to sponge miR-125a-5p, therefore promoting CRC procession.
Conclusion: In summary, these results indicated that RPARP-AS1/miR-125a-5p axis played 
a positive role in promoting cell proliferation, migration and invasion in CC. It may be as 
a biomarker used to evaluate CRC prognosis.
Keywords: RPARP-AS1, miR-125a-5p, colon cancer, lncRNA, proliferation, migration, 
invasion

Introduction
Colon cancer is the fourth most commonly diagnosed cancer worldwide, with more 
than 600,000 deaths estimated each year.1 The incidence rate of CRC in city area is 
far higher than that in rural.2 At the time of diagnosis, most of the patients were in 
advanced stage.3 According to the latest statistics in 2015, the incidence rate of 
CRC in China accounted for fourth of all cancers, and the mortality rate was fifth, 
which showed an increasing trend.4 The incidence rate of CRC accounts for fourth 
of all cancers in the United States, while the mortality rate is second. From 2008 to 
2011, incidence rate of CRC dropped by at 4% or even higher.5 The treatment of 
CRC mainly includes surgery, chemotherapy, radiotherapy, targeted therapy and 
immunotherapy.6 Targeted therapy is known for its safety and efficacy, which can 
improve the survival time and quality of life of patients.6 However, due to the 
existence of KRAS, NRAS, BRAF or PIK3CA mutations resulting in persistent 
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activation, some patients cannot benefit from targeted 
therapy.7 Therefore, it is very important to study the 
underlying molecular mechanism of CRC and develop 
new targeting sites and drugs.

Long noncoding RNA (lncRNA) transcripts are between 
200 nt and 100 kb in length.8 They do not encode or rarely 
encode proteins, and have become the focus of scientific 
research in recent years. The analysis of human genome 
revealed that lncRNA content was huge, accounting for 
about 4–9%.9 They play various biological roles by regulating 
transcription, epigenetics and post-transcriptional translation. 
The role of lncRNA in the development of disease has been 
gradually revealed, including cancer, diabetes and nervous 
system disease. For example, lncRNAs, such as TNXA, 
CTA-134P22.2, CTC-276P9.1, KRT19p3 and H19 were iden-
tified in bladder cancer and adjacent tissues.10 H19 could 
activate Wnt/β-Catenin and down-regulate E-cadherin by 
binding with EZH2, thus promoting the metastasis of bladder 
cancer cells.11 lncRNA plays a more significant role in the 
prevention, diagnosis and treatment of CC. Related studies 
have classified lncRNAs in the course of CC, including PVT- 
1, MALAT-1, ncRNA, CCAT1-l and PRNCR1. lncRNA 
HNF1A-AS1 was highly expressed in CC, and promoted 
cell proliferation through miR-34a/SIRT1/TP53 and Wnt sig-
nal transduction pathways. In addition, HNF1A-AS1 was 
associated with lymph node metastasis.12

In a variety of tumors, lncRNA, miRNA and functional 
gene jointly construct a complex regulatory network to 
regulate the proliferation, migration, invasion, apoptosis 
and drug response of tumor cells. In the last few decades, 
a lot of research had proved that lncRNAs were involved 
in gene expression network by sponging miRNAs, regulat-
ing translation, modifying histone and chromatin, and so 
on.13,14 In the study, we found a differentially-expressed 
gene, RPARP-AS1, in analysis of the gene expression 
profile of CRC from GEO database which was positively 
correlated to poor prognosis of CC. RPARP-AS1 could 
sponge miR-125a-5p to decrease its abundance in cyto-
plasm which promoted tumor cell proliferation, migration 
and invasion.

Methods
Patients and Specimens
Thirty patients with CRC in the Affiliated Hospital of North 
Sichuan Medical College were selected to obtain CRC 
tissues and corresponding paracancerous tissues. All of 
the patients had not received any preoperative treatment, 

including chemotherapy, radiotherapy or targeted therapy 
which signed informed consent in advance. The obtained 
specimens were frozen in liquid nitrogen immediately and 
then transferred to a refrigerator at −80°C for further study. 
The study was performed under a project license (KE-YT 
-2018-00) by the Ethics Committee of the Affiliated 
Hospital of North Sichuan Medical College, which 
accorded with the ethical standards formulated in the 
Helsinki Declaration.

Quantitative Real-Time PCR (qRT-PCR)
Total RNA was extracted by using TRIzol reagent 
(Thermo Fisher Scientific, United States). The RNA was 
quantified by using NanoDrop ND2000 microspec- 
trophotometer (Thermo Fisher Scientific, United States). 
Four microgram of total RNA was then reversely tran-
scribed into cDNA according to the protocol of the 
Reverse Transcription System (Promega, United States). 
Quantitative RT-PCR analysis was carried out by using the 
UltraSYBR Mixture kit (CWBIO, China). In this study, 
the primers used were synthesized by Sangon Biotech 
(China). The expression levels of relevant genes were 
determined by the ΔΔCT method.

Luciferase Reporter Assay
For analysis of miR-125a-5p regulated by RPAPP-AS1, 
the reporter plasmid was constructed by fusing RPAPP- 
AS1 cDNA into the 3’UTR region of Luciferase gene. 
Then the synthesized miR-125a-5p with the reporter plas-
mid were co-transfected into HCT116 and LoVo cells. The 
LUC activities were quantified using the Luciferase Assay 
System (Promega, United States) which represent the reg-
ulation of RPAPP-AS1 on miR-125a-5p.

Cell Transfection
In order to knock down RPARP-AS1 expression, three 
siRNA targeting RPARP-AS1 were designed, and three 
Lentivirus vector containing a siRNA separately were 
synthesized by BioMiao Biological Technology (Beijing, 
China), as well as the plasmid for RPARP-AS1 to enhance 
its expression. HCT116 and LoVo cells were transiently 
transfected with si-RPARP-AS1, si-NC and OE-RPARP- 
AS1 by using lipofectamine 2000 (Invitrogen, Carlsbad, 
CA, USA) according to the manufacturer’s protocol.

CCK8
One hundred microlitre cell suspension was inoculated in 
96-well plate which was subsequently cultured at 37°C, 
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5% CO2. Add 10 µL CCK8 solution. The plate continued 
to be cultured for 1–4 h. Cell proliferation analysis of 
HCT118 and LoVo cells was performed using 
a Microplate reader (BioTek, United States).

Colony Formation Assay
The logarithmic cells were suspended and inoculated in 
dishes containing culture medium. The dishes were cultured 
at 37°C for 2–3 weeks until clones being observed. The 
clones were fixed with 4% paraformaldehyde and subse-
quently stained with GIMSA solution for 10–30 min. The 
clone formation rate was evaluated by formula “Clone for-
mation rate=Number of Clones/Number of Cells×100%”.

Transwell
Transwell chamber was put into the culture plate. The 
upper and lower chambers were filled with liquid medium 
and solid medium separately. The upper and lower layers 
of culture medium were separated by a polycarbonate 
membrane. For the study of cell invasion experiment, 
EMC was added into the lower medium. The cells were 
suspended in serum-free medium containing BSA reaching 
to 5×105/mL. Then 200 μL of suspension cells were added 
into the upper chamber and then cultured in an incubator at 
37°C, 5% CO2 for 12–48 h.

RNA Pull-Down
Biotin-labeled miR-125a-5p sense and antisense hybridi-
zation probes were obtained by transcription in vitro 
(Roche, Switzerland). The probes were incubated with 
cytoplasmic extract from HCT118 and LoVo cells to 
form miRNA-lncRNA compounds which were separated 
using magnetic beads labeled with avidin. Finally, qRT- 
PCR analysis determined the enrichment of RPAPP-AS1 
in the immunoprecipitated RNA.

Statistical Analysis
GraphPad Prism software was used to perform Statistical 
analysis and generate column diagram. The statistically 
significant differences were evaluated by Student’s t-test 
(*P-value < 0.05, **P-value < 0.01, ***P-value < 0.001).

Result
RPARP-AS1 Expression Increased in 
Colon Cancer with Poor Prognosis
A differentially-expressed gene, RPARP-AS1, was found 
in analysis of the gene expression profile of CRC from 

GEO database. RPARP-AS1 expression was significantly 
increased in CRC tissues than that in the adjacent tissues 
(Figure 1A). To confirm this conclusion, 30 pairs of CRC 
and adjacent tissues were collected in which RPARP-AS1 
expression was detected by qRT-PCR. As shown in 
Figure 1B, RPARP-AS1 expression was significantly 
higher in CRC tissues than that in the adjacent tissues 
which was consistent with Figure 1A. Further, we ana-
lyzed the relationship between RPARP-AS1 expression 
and CRC using data from TCGA database by GEPIA. 
The results demonstrated that highly-expressed RPARP- 
AS1 was greatly correlated with poor prognosis of CRC 
(Figure 1C). It aroused our interest to study the biological 
function of RPARP-AS1. Among all cell lines, the expres-
sion of RPARP-AS1 was highest in HCT116 and LoVo 
(Figure 1D), which were selected for further study.

RPARP-AS1 Gene Silencing Inhibited Cell 
Proliferation
The lentivirus vectors silencing RPARP-AS1 gene expres-
sion were introduced into HCT116 and LoVo cell lines 
separately. As a result, RPARP-AS1 expression significantly 
decreased (Figure 2A), named si-RPARP-AS1 HCT116 and 
si-RPARP-AS1 LoVo cell lines. In the course of experiment, 
we designed three siRNA, in which si#1 and si#2 effectively 
knocked down the expression of RPARP-AS1 
(Supplementary Figure 1E), the sequences as follows: si#1, 
5'-AAGAAAAGUAAAUAGGCC-3'; si#2, 5'-UAAGA 
AAAGUAAAUAGGC-3'. We selected the vector si#1 for 
further study of gene function. Considering that RPARP-AS1 
was associated with poor prognosis of CRC (Figure 1C), we 
guessed that it may be involved in promoting tumor cell 
proliferation, migration or invasion. Therefore, we per-
formed CCK8, colony formation assay and TransWell to 
confirm the role of RPARP-AS1 in CC. After 24 h of culture, 
the proliferation of si-RPARP-AS1 HCT116 and LoVo cells 
was lower than that of normal control (si-NC) cells by CCK8. 
With the extension of culture time, gap was becoming greater 
and greater until culture for 96 h (Figure 2B). Consistent with 
the results of CCK8, si-RPARP-AS1 HCT116 and si-RPARP 
-AS1 LoVo cells formed fewer clones (Figure 2C). In addi-
tion, Transwell results showed that the migration of si- 
RPARP-AS1 HCT116 and LoVo cells significantly reduced 
than that of si-NC groups (Figure 2D), as well as the invasion 
of si-RPARP-AS1 cells (Figure 2E). In contrast, over- 
expression of RPARP-AS1 promoted the proliferation and 
invasion in HCT116 cells (Supplementary Figure 1A–D).
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RPARP-AS1 Sponged miR-125a-5p
Furthermore, we studied the mechanism of RPARP-AS1 in 
promoting tumor cell proliferation, migration and invasion 
in CC. The sub-cellular localization of RPARP-AS1 was 
explored by Nucleocytoplasmic separation. The results 
showed that RPARP-AS1 was mainly expressed in cyto-
plasm (Figure 3A). Combined with previous research, 
RPARP-AS1 may function by sponging miRNA. The 
potential miRNA was analyzed by Startbase3 and the 
binding site of miR-125a-5p was found in RPARP-AS1 
(Figure 3B). RNA pull-down and Luciferase reporter assay 
were performed to analyze the interaction between 
RPARP-AS1 and miR-125a-5p. As shown in Figure 3C, 
miR-125a-5p probe could effectively enrich RPARP-AS1. 
Also, over-expression of miR-125a-5p could bind to 
RPARP-AS1 and inhibit the activity of Luciferase in 
both HCT116 and LoVo cells. Corresponding to it, miR- 
125a-5p expression significantly increased in si-RPARP- 
AS1 cells than that in si-NC groups (Figure 3D). 

Therefore, RPARP-AS1 sponged miR-125a-5p in CC. In 
line with expectations, miR-125a-5p expression was lower 
in CRC using 30 pairs of clinical samples (Figure 3E) and 
data from TCGA (Figure 3G), which was negatively cor-
related with RPARP-AS1 expression (Figure 3F and H).

RPARP-AS1 Regulated CRC Progression 
by Sponging miR-125a-5p
Above results proved that RPARP-AS1 could sponge miR- 
125a-5p directly. Next, we studied the role of RPARP-AS1 
/miR-125a-5p axis in CRC procession. As described in Result 
2, knockdown of RPARP-AS1 decreased the proliferation, 
migration and invasion in HCT116 and LoVo cell lines 
(Figure 2). In this result, miR-125a-5p expression increased 
in si-RPARP-AS1 cell lines than that in si-NC groups. miR- 
125a-5p inhibitor was then introduced in the study which could 
inhibit miR-125a-5p expression (Figure 4A). In addition, miR- 
125a-5p inhibitor could reverse decreased tumor cell prolifera-
tion by CCK8 (Figure 4B), clone formation by colony 

A B

C D

Figure 1 RPARP-AS1 was highly expressed in colon cancer with poor prognosis. (A) RPARP-AS1 expression in colon cancer was significantly higher than that in the adjacent 
tissues from GSE75970 (P-value < 0.01). (B) RPARP-AS1 expression in colon cancer than that in the adjacent tissues from clinical samples (P-value < 0.001). (C) GEPIA 
analysis of TCGA database found that patients with high expression of RPARP-AS1 had poor prognosis (P-value < 0.05). (D) RPARP-AS1 expression in all colon cancer cell 
lines (HT29, HCT116, hct8, LoVo, sw420, SW620) was higher than that in control group cell line (NCM460) (**P-value < 0.01; ***P-value < 0.001).
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A B

C

D

E

Figure 2 RPARP-AS1 knockdown in HCT116 and LoVo cell lines inhibited cell proliferation. (A) RPARA-AS1 expression significantly decreased in both HCT116 and LoVo 
cell lines mediated with lentiviral vectors (P-value < 0.001). (B) CCK-8 was used to detect cell proliferation of HT29 and HCT116. Knockdown of RPARP-AS1 decreased the 
light absorption value of cells at 450 nm (P-value < 0.01). (C) Colony formation assay confirmed that knockdown of RPARP-AS1 decreased the colony-forming ability of 
HCT116 and LoVo cells (P-value < 0.01). (D) TransWell (without Matrigel) showed that knockdown of RPARP-AS1 decreased the migration ability of HCT116 and LoVo 
cells (P-value < 0.01). (E) TransWell (with Matrigel) showed that knockdown of RPARP-AS1 decreased the invasion ability of HCT116 and LoVo cells (P-value < 0.01). 
(**P-value < 0.01; ***P-value < 0.001).
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A B

C

D E F

G H

Figure 3 RPARP-AS1 sponged miR-125a-5p. (A) RPARP-AS1 was mainly expressed in nucleus, but not in cytoplasm (U6 and GAPDH were used as internal parameters of 
nucleus and cytoplasm respectively). (B) The binding site of miR-125a-5p was found in RPARP-AS1 by analyzing the startbase3 database. (C) RNA pull-down assay was 
performed in HT29 and HCT116 cells. miR-125a-5p probe enriched more RPARP-AS1 than NC probe (Left). Luciferase reporter experiment showed that miR-125a-5p 
could inhibit the activity of luciferase coupling with RPARP-AS1, but miR-NC could not in both HCT116 (Middle) and LoVo (Right) cell lines. (D) qRT-PCR was used to 
detect the expression of mir-125a-5p after knockdown of RPARP-AS1 in HT29 and HCT116 cells. Compared with si-NC groups, miR-125a-5p expression increased in si- 
RPARP-AS1 cell lines. (E) miR-125a-5p expression decreased significantly in CRC than that in paracarcinomatic tissue by qRT-PCR (n=30, P-value<0.001). (F) Consistent 
with those in Figure E, miR-125a-5p reduced in CRC significantly using data from TCGA by Startbase3 analysis. (G) The correlation between the expression of RPARP-AS1 
and miR-125a-5p in 30 cases of CRC which was negatively correlated (P-value<0.001). (H) The expression of RPARP-AS1 and miR-125a-5p in CRC was also negatively 
correlated using data from TCGA by Startbase3 analysis. (**P-value < 0.01; ***P-value < 0.001).
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formation assay (Figure 4C), migration (Figure 4D) and inva-
sion (Figure 4E) by TransWell. BCL2 and TAZ were targets of 
miR-125a-5p in CRC. Thus, we detected the expression of 
BCL2 and TAZ through Western blot. As shown in Figure 4F, 
silencing RPARP-AS1 inhibits BCL2 and TAZ expression. 

However, when co-transfected with miR-125a-5p, BCL2 and 
TAZ expression is increased. These results indicated that 
RPARP-AS1 expression increased which promoting tumor 
cell proliferation, migration and invasion in CRC by sponging 
miR-125a-5p.

Figure 4 RPARP-AS1 sponged miR-125a-5p to regulate tumor cell proliferation, migration or invasion. (A) miR-125a-5p expression increased in si-RPARP-AS1 cells which 
partially decreased by miR-125a-5p inhibitor in HCT116 and LoVo cell lines. (B) The proliferation of si-RPARP-AS1 cells decreased than that of si-NC groups which partially 
increased by miR-125a-5p inhibitor in HCT116 and LoVo cell lines. (C) Colony formation assay showed that siRPAPR-AS1 cells formed fewer clones than si-NC cells which 
partially increased by miR-125a-5p inhibitor in HCT116 and LoVo cell lines. (D) TransWell (without Matrigel) showed that knockdown of RPARP-AS1 decreased the 
migration ability of HCT116 and LoVo cells which was partially recovered by miR-125a-5p inhibitor. (E) TransWell (with Matrigel) showed that knockdown of RPARP-AS1 
decreased the invasion ability of HCT116 and LoVo cells which partially increased by miR-125a-5p inhibitor. (F) Western blot showed that knockdown of RPARP-AS1 
decreased the expression of BCL2 and TAZ which partially increased by miR-125a-5p. (*P-value < 0.05, **P-value < 0.01, compared with si-NC; #P-value < 0.05, ##P-value < 
0.01, compared with si-RPARP-AS1).
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Discussion
lncRNAs are a class of RNA molecules with a length of more 
than 200 nucleotides.8 They do not participate in protein 
coding, but directly regulate various epigenetics in the form 
of RNA and participate in transcription and post- 
transcriptional protein coding. In CRC, lncRNA expression 
is closely related to the occurrence and development of CRC. 
In 2011, Graham et al15 found that CRNDE-h was up- 
regulated in plasma and tissues of CRC patients. Ellis et al16 

found that CRNDE affected insulin/insulin-like growth fac-
tor (IGF) on regulation of glucose metabolism and lactate 
secretion through PI3K/Akt/mTOR and Raf/MAPK path-
ways, whose expression was up-regulated in CRC cells. 
Dai et al17 further confirmed that CRNDE was highly 
expressed in tissues, serum and cell lines of CRC patients. 
It was suggested that CRNDE could activate or inhibit Ras/ 
MAPK and Wnt/β-catenin signaling pathways through com-
petitive binding of miRNA, thus regulating the proliferation, 
invasion and apoptosis of CRC cells. Therefore, CRNDE 
might be used as one of the markers for early diagnosis of 
CRC.18 In 2010, Tsang et al10,19 found that over-expression 
of miR-675 promoted the growth of CRC cells, indicating 
that H19 might be related to the occurrence of CRC. Liang 
et al20 found that H19 was highly expressed in mesenchymal- 
like carcinoma cells and primary CRC, and the stable expres-
sion of H19 could promote EMT and accelerate tumor 
growth in vivo and in vitro. Yang et al21 found that H19, as 
a competitive endogenous RNA (ceRNA) of miR-138 and 
miR-200a, regulated the expression of multiple genes 
involved in EMT and accelerates the growth of CRC cells. 
Schwarzenbach22 found the effect of H19 on RB1-E2F path-
way and Cdk8-β-Catenin signal transduction. It is speculated 
that H19, which is highly expressed in primary CRC, can be 
detected in blood and may be a potential biomarker for 
diagnosis or prognosis of CRC. Therefore, lncRNA plays 
an important role in the diagnosis, prognosis, progress and 
treatment of CRC. In this study, we found a differentially 
expressed gene, RPARP-AS1, by analyzing the CRC gene 
expression profile. Consistent with the previous results, 
RPARP-AS1 was highly expressed in CRC (Figure 1).

In the study, we demonstrated that RPARP-AS1 could 
promote the proliferation, migration and invasion of tumor 
cells through sponging mir-125a-5p (Figure 3). Previous stu-
dies have shown that mir-125a-5p is downregulated and 
played a negative role in tumorigenesis and development 
including colorectal cancer.23–26 miR-125a-5p could inhibit 
the growth, invasion and metastasis of gastric cancer, breast 

cancer, liver cancer, lung cancer and CRC.27 Consistent with 
these reports, we also found downregulation of miR-125a-5p 
in CC. As a tumor suppressor, over-expression of miR-125a- 
5p inhibited proliferation and induces apoptosis in CC through 
targeting BCL2, BCL2L12, MCL-128 and TAZ,29 which are 
known as tumor suppressors in CC. In our study, silencing 
RPARP-AS1 could inhibits BCL2 and TAZ expression, which 
could be reversed by co-transfected with miR-125a-5p inhibi-
tor. Therefore, RPARP-AS1/miR-125a-5p may be involved in 
promoting CRC by regulating the expression of BCL2, 
BCL2L12, MCL-1 and TAZ genes.

In conclusion, our results demonstrate that RPARP- 
AS1 is highly expressed in CC, which can promote the 
proliferation, migration and invasion of CRC cells through 
sponging tumor suppressor miR-125a-5p.
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