
130

Abstract. – OBJECTIVE: To investigate the 
role of long non-coding RNA (lncRNA) CAC-
NA1G-AS1 in regulating proliferative and inva-
sive abilities of colorectal cancer (CRC) cells 
by mediating p53, thus influencing the progres-
sion of CRC. 

PATIENTS AND METHODS: CACNA1G-AS1 
level in CRC tissues and adjacent normal tis-
sues was first determined. Its level in CRC pa-
tients with different tumor stages was detect-
ed as well. Changes in proliferative and inva-
sive abilities of HCT116 and SW480 cells influ-
enced by CACNA1G-AS1 were evaluated. Sub-
cellular distribution of CACNA1G-AS1 was ana-
lyzed. Through Western blot, RNA immunopre-
cipitation (RIP), and chromatin immunoprecipita-
tion (ChIP) assay, the interaction between CAC-
NA1G-AS1 and EZH2 was assessed. The biologi-
cal function of the target gene of CACNA1G-AS1 
was finally explored. 

RESULTS: CACNA1G-AS1 was upregulated 
in CRC tissues compared to adjacent normal 
ones. Its level remained higher in CRC pa-
tients with stage III-IV compared to those with 
stage I-II. Knockdown of CACNA1G-AS1 re-
duced proliferative and invasive abilities of 
HTC116 and SW480 cells. CACNA1G-AS1 was 
mainly distributed in the nucleus. Moreover, 
CACNA1G-AS1 was verified to interact with 
EZH2. Knockdown of CACNA1G-AS1 or EZH2 
upregulated p53 level and decreased the re-
cruitment ability of EZH2 on p53. Finally, p53 
knockdown could partially reverse the regula-
tory effect of CACNA1G-AS1 on the prolifera-
tive ability of HCT116 cells. 

CONCLUSIONS: CACNA1G-AS1 downregu-
lates p53 level by forming a carcinogenic com-
plex with EZH2, thereby enhancing the prolifer-
ative and invasive abilities of CRC cells.
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Introduction

Colorectal cancer (CRC) is a common ma-
lignant tumor of the digestive tract, which is a 
serious threat to human health. It is reported1-3 
that the global incidence and mortality of CRC 
rank third, which are still on the rise each year. 
Although great strides on diagnosis, chemother-
apy, targeted drugs, and biological therapy of 
CRC have been made, the 5-year survival of ad-
vanced CRC patients is very low4. Diagnosis and 
treatment of CRC as early as possible could re-
markably improve the clinical outcome5-7. Hence, 
searching for diagnostic strategies and molecular 
hallmarks of CRC is well concerned.

Non-coding RNA (ncRNA) is widely expressed 
in organisms as a research hotspot. Based on the 
size of ncRNA, it is divided into long non-coding 
RNA (lncRNA) and short ncRNA (i.e. miRNA, 
siRNA, and piRNA)8-10. LncRNAs are 200-1000 
kb nucleotides long and could not encode pro-
teins due to the lack of an open reading frame. 
They were initially thought to be the “noise” 
of genomic transcription without any biologi-
cal functions11,12. Later, diverse functions of ln-
cRNAs have been discovered in the regulation of 
multiple biological processes13-16. Recent studies10 
have identified the crucial role of lncRNA in tu-
morigenesis and tumor progression. For example, 
overexpression of lncRNA MALAT1 stimulates 
the metastasis of NSCLC. HOTAIR aggravates 
several types of tumors by interacting with PCR2 
and LSD18,17,18. These findings provide new direc-
tions that lncRNA may be utilized as promising 
targets in tumor treatment. 

CACNA1G-AS1 was first reported in 2015. 
By analyzing lncRNA expression profiles, CAC-
NA1G-AS1 is validated to be important in keloid 
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formation19. Li et al20 proved that CACNA1G-AS1 
is an oncogene in NSCLC. It accelerates the in-
vasiveness and metastasis of NSCLC cells by up-
regulating HNRNPA2B1, which provides a novel 
target for NSCLC prevention and treatment. In 
2019, Yang et al21 reported that CACNA1G-AS1 
promotes the progression of nodular liver cancer 
by regulating the miR-2392/C1orf61 pathway. In 
this paper, we mainly explored the biological 
function of CACNA1G-AS1 in the malignant 
progression of CRC and the potential mechanism.

Patients and Methods

Baseline Characteristics 
A total of 30 paired CRC tissues and adjacent 

normal tissues were surgically harvested from 30 
CRC patients admitted in The Second Hospital of 
Jilin University from December 2016 to October 
2018. Tumor node metastasis (TNM) staging of 
enrolled CRC patients was recorded. None of 
these patients were preoperatively treated. This 
research was approved by the Ethics Commit-
tee of The Second Hospital of Jilin University. 
Signed written informed consents were obtained 
from all participants before the study.

Cell Culture and Transfection
CRC cell lines and colonic epithelial cell line 

provided by American Type Culture Collection 
(ATCC; Manassas, VA, USA) were cultured 
in Roswell Park Memorial Institute-1640 (RP-
MI-1640; HyClone, South Logan, UT, USA) con-
taining 10% fetal bovine serum (FBS; Gibco, 
Rockville, MD, USA) and 1% penicillin-strep-
tomycin in a 5% CO2 incubator at 37°C. Cells in 
the logarithmic growth phase were selected for 
transfection using Lipofectamine 2000 (Invit-
rogen, Carlsbad, CA, USA). The fresh medium 
was replaced at 24 h. Sequences of transfec-
tion vectors were as follows: sh-CACNA1G-AS1 
1#: 5’-AUGACGACCCUCCCCTGACC-3’; sh-
CACNA1G-AS1 2#: 5’-UUGUUGGCCGGAG-
CACUAAU-3’; sh-CACNA1G-AS1 3#: 5’-GA-
TAG AUUUGGGGAAGGACUU-3’; sh-EZH2: 
5’-GAGGUUCAGACGAGCUGAUU-3’; sh-p53: 
5’-GCUGCUCAGAUAGCGA UGGU-3’.

Quantitative Real Time-Polymerase 
Chain Reaction (qRT-PCR)

RNA extraction was performed using the 
TRIzol method (Invitrogen, Carlsbad, CA, USA). 
The extracted RNA was quantified and reverse-

ly transcribed into complementary deoxyribose 
nucleic acid (cDNA), followed by PCR using the 
SYBR Green method (TaKaRa, Otsu, Shiga, Ja-
pan). Primer sequences were as follows: glyceral-
dehyde 3-phosphate dehydrogenase (GAPDH): F: 
5’-AGAAGGCTGGGGCTCATTTG-3’, R: 5’-AG-
GGGCCATCCACAGTCTTC-3’; CACNA1G-AS1: 
F: 5’-CGTCCAGCTGCGAGCCAGC-3’, R: 5’-AG-
CCTTCCTGTGACCTCATC-3’.

5-Ethynyl-2’- Deoxyuridine (EdU) 
Assay

Cells were seeded in the 96-well plate with 300 

cells per well. Cells were labeled with 50 μmol/L 
EdU at 37°C for 2 h. After 30-min fixation in 
4% paraformaldehyde, cells were incubated with 
phosphate-buffered saline (PBS) containing 0.5% 
Triton-100 for 20 min. After washing with PBS 
containing 3% bovine serum albumin (BSA), 
100 μL of the dying solution was applied per 
well for 1-h incubation in dark and cells were 
counter-stained with 1×Hoechst 33342 for 30 min. 
EdU-positive cells were captured under a micro-
scope (magnification 100×).

Transwell
The cell density was adjusted to 1×105/ml. 100 

μL of suspension was applied in the upper side 
of transwell chamber (Millipore, Billerica, MA, 
USA) pre-coated with 100 μl of diluted Matrigel 
(BD Biosciences, Franklin Lakes, NJ, USA). In 
the bottom side, 600 μL of medium containing 
10% FBS was applied. After 48 h of incubation, 
invasive cells were fixed in methanol for 30 min 
and dyed with 0.1% crystal violet for 10 min. 
Invasive cells in 6 randomly selected fields per 
sample were captured.

Cell Counting Kit-8 (CCK-8)
Cells were seeded in the 96-well plate with 

1×104 cells per well. Absorbance (A) at 450 nm 
was recorded at the established time points using 
the Cell Counting Kit-8 (CCK-8; Dojindo Lab-
oratories, Kumamoto, Japan) for depicting the 
viability curve.

Determination of 
Subcellular Distribution 

Cytoplasmic and nuclear RNAs were extracted 
using the PARIS kit (Invitrogen, Carlsbad, CA, 
USA) and subjected to qRT-PCR. U6 was the in-
ternal reference of the nucleus and GAPDH was 
the one of cytoplasm. 
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Western Blot
The total protein was extracted from cells 

or tissues using radioimmunoprecipitation assay 
(RIPA; Beyotime, Shanghai, China) and loaded 
for electrophoresis. After transferring on a poly-
vinylidene difluoride (PVDF) membranes (Mil-
lipore, Billerica, MA, USA), it was blocked in 
5% skim milk for 2 h, incubated with primary 
antibodies at 4°C overnight and secondary anti-
bodies for 2 h. Bands were exposed by enhanced 
chemiluminescence (ECL) and analyzed by Im-
age-Pro Plus (Media Cybernetics, Silver Springs, 
MD, USA). 

RNA Immunoprecipitation (RIP)
Cells were treated according to the proce-

dures of Millipore Magna RIPTM RNA-Bind-
ing Protein Immunoprecipitation Kit (Prome-
ga, Madison, WI, USA). The cell lysate was 
incubated with anti-EZH2, or anti-IgG anti-
body at 4°C for 6 h. A protein-RNA complex 
was captured and digested with 0.5 mg/ml 
proteinase K containing 0.1% sodium dodecyl 
sulphate (SDS) to extract RNA. The magnetic 
beads were repeatedly washed with RIP wash-
ing buffer to remove non-specific adsorption as 
much as possible. Finally, the extracted RNA 
was subjected to mRNA level determination 
using qRT-PCR.

Chromatin Immunoprecipitation (ChIP)
Cells were subjected to 10-min cross-link with 

1% formaldehyde at room temperature. Subse-
quently, cells were lysed using lysis buffer and 
sonicated for 30 min. Finally, the sonicated ly-
sate was immunoprecipitated with anti-EZH2, 
anti-H3K27me3 or anti-IgG.

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 13.0 software (SPSS Inc., Chicago, IL, 
USA) was used for data analyses. Data were 
expressed as mean ± standard deviation. The 
intergroup differences were analyzed by the 
t-test. p<0.05 was considered statistically sig-
nificant.

Results

Upregulation of CACNA1G-AS1 in CRC
Relative to adjacent normal tissues, CAC-

NA1G-AS1 was upregulated in CRC tissues 
(Figure 1A). According to tumor staging, CRC 
patients in stage III-IV presented a higher level 
of CACNA1G-AS1 than those in stage I-II (Fig-
ure 1B). Identically, CACNA1G-AS1 was highly 
expressed in CRC cell lines relative to that of the 
colonic epithelial cell line (Figure 1C). It is spec-
ulated that CACNA1G-AS1 was involved in the 
progression of CRC. 

CACNA1G-AS1 Accelerated CRC Cells to 
Proliferate and Invade 

To further analyze the potential function of 
CACNA1G-AS1 in CRC, we selected HCT116 
and SW480 cells to perform in vitro experi-
ments. Three shRNAs targeting CACNA1G-AS1 
were constructed and their transfection efficacy 
was tested. The latter two (sh-CACNA1G-AS1 
2# and sh-CACNA1G-AS1 3#) presented great 
transfection efficacy in HCT116 and SW480 
cells (Figure 2A). The viability in HCT116 and 
SW480 cells at 48, 72 and 96 h was marked-

Figure 1. Upregulation of CACNA1G-AS1 in CRC. A, Relative level of CACNA1G-AS1 in adjacent normal tissues and CRC 
tissues. B, Relative level of CACNA1G-AS1 in CRC patients with stage III-IV and stage I-II. C, Relative level of CACNA1G-
AS1 in CRC cell lines and colonic epithelial cell line.
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ly reduced after the transfection of sh-CAC-
NA1G-AS1 2# or sh-CACNA1G-AS1 3# (Fig-
ure 2B and C). Similarly, EdU assay revealed 
fewer EdU-positive cells after transfection of 

sh-CACNA1G-AS1 2# or sh-CACNA1G-AS1 
3# in CRC cells (Figure 2D). The transwell 
assay revealed attenuated invasive abilities in 
HCT116 and SW480 cells transfected with sh-

Figure 2. CACNA1G-AS1 accelerated CRC cells to proliferate and invade. A, Transfection efficacy of sh-CACNA1G-AS1 
1#, sh-CACNA1G-AS1 2# and sh-CACNA1G-AS1 3# in HCT116 and SW480 cells. B, CCK-8 assay showed the viability in 
HCT116 cells transfected with sh-NC, sh-CACNA1G-AS1 2# or sh-CACNA1G-AS1 3#. C, CCK-8 assay showed the viability 
in SW480 cells transfected with sh-NC, sh-CACNA1G-AS1 2# or sh-CACNA1G-AS1 3#. D, EdU assay showed DAPI-labeled 
(blue), EdU-labeled (red) and merged cells in HCT116 and SW480 cells transfected with sh-NC, sh-CACNA1G-AS1 2# or sh-
CACNA1G-AS1 3# (magnification: 100×). E, Transwell assay showed invasion in HCT116 and SW480 cells transfected with 
sh-NC, sh-CACNA1G-AS1 2# or sh-CACNA1G-AS1 3# (magnification: 40×).
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CACNA1G-AS1 2# or sh-CACNA1G-AS1 3# 
(Figure 2E). We concluded that the knockdown 
of CACNA1G-AS1 in CRC cells attenuated their 
proliferative and invasive abilities. 

CACNA1G-AS1 Upregulated p53 by 
Recruiting EZH2

Subcellular distribution analysis illustrated that 
CACNA1G-AS1 was mainly distributed in the 
nucleus of HCT116 cells (Figure 3A). Transfec-
tion of sh-CACNA1G-AS1 2# or sh-CACNA1G-
AS1 3# remarkably upregulated the protein level 
of p53 in HCT116 and SW480 cells (Figure 3B 
and C). Moreover, the RIP assay revealed high-
er enrichment of CACNA1G-AS1 in anti-EZH2 
relative to anti-IgG, suggesting the interaction 
between CACNA1G-AS1 and EZH2 (Figure 3D). 
Notably, the protein level of p53 was marked-
ly upregulated by the transfection of sh-EZH2 

(Figure 3E). Furthermore, ChIP assay showed 
that the immunoprecipitants of anti-EZH2 and 
anti-H3K27me3 were reduced after transfection 
of sh-CACNA1G-AS1 2#, indicating that EZH2 
was recruited by CACNA1G-AS1 (Figure 3F). 
Collectively, the knockdown of CACNA1G-AS1 
attenuated the recruitment ability of EZH2 on 
p53 and thus upregulated p53 alleviated the pro-
gression of CRC. 

P53 Knockdown Partially Reversed the 
Regulatory Effect of CACNA1G-AS1 on 
CRC Cells

To further identify the role of p53 in the pro-
gression of CRC, we constructed sh-p53 and 
tested its transfection efficacy in HCT116 cells 
(Figure 4A). Of note, the decreased number of 
EdU-positive cells in HCT116 cells transfect-
ed with sh-CACNA1G-AS1 2# was partially re-

Figure 3. CACNA1G-AS1 upregulated p53 by recruiting EZH2. A, Subcellular distribution of CACNA1G-AS1 in cytoplasm 
fraction and nuclear fraction. GAPDH and U6 were served as cytoplasmic and nuclear internal reference, respectively. B, 
Protein level of p53 in HCT116 cells transfected with sh-NC, sh-CACNA1G-AS1 2# or sh-CACNA1G-AS1 3#. C, Protein 
level of p53 in SW480 cells transfected with sh-NC, sh-CACNA1G-AS1 2# or sh-CACNA1G-AS1 3#. D, RIP assay showed 
enrichment of CACNA1G-AS1 in anti-IgG and anti-EZH2. E, Protein levels of p53 and EZH2 in HCT116 cells transfected 
with sh-NC or sh-EZH2. F, ChIP assay showed relative immunoprecipitant of HCT116 cells transfected with sh-NC or sh-
CACNA1G-AS1 2# in anti-IgG, anti-EZH2, and anti-H3K27me3.
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versed after co-transfection of sh-p53 (Figure 
4B). It is suggested that CACNA1G-AS1 mediat-
ed the cellular behaviors of CRC cells by regulat-
ing p53 level. 

Discussion 

With the further explorations on lncRNAs, 
they are identified to participate in epigenetic 
regulation, chromatin modification, transcrip-
tional activation, etc.13-16. LncRNAs also exert 
vital functions in the occurrence and pro-
gression of tumor diseases8,17. Differentially 
expressed lncRNAs in tumor cells are discov-
ered through sequencing technology. These 
lncRNAs may be potential tumor hallmarks for 
improving the therapeutic efficacy22. In recent 
years, CACNA1G-AS1 is found to be abnor-
mally expressed in several types of tumors19-21. 
This work first examined the expression pat-
tern of CACNA1G-AS1 in CRC. Subsequently, 
its regulatory effect on cellular behaviors of 
CRC was specifically assessed. As the data 
showed, CACNA1G-AS1 was upregulated in 
CRC tissues and cell lines. The knockdown 

of CACNA1G-AS1 attenuated the proliferative 
and invasive abilities of CRC cells.

As an important tumor suppressor, p53 con-
tributes to induce tumor cell apoptosis, maintain 
genomic stability, and inhibit tumor angiogen-
esis23,24. Over 50% of malignant tumors present 
p53 mutations23,25. We speculated whether CAC-
NA1G-AS1 was capable of influencing p53 level 
in CRC cells. As expected, CACNA1G-AS1 or 
EZH2 knockdown upregulated p53 level in CRC 
cells. Notably, the knockdown of p53 partial-
ly reversed the inhibited proliferative ability in 
HCT116 cells with CACNA1G-AS1 knockdown. 
Collectively, CACNA1G-AS1 co-regulated p53 
level alongside with EZH2, thus aggravating the 
malignant progression of CRC. Our conclusions 
provide a promising target for clinical treatment 
of CRC.

Conclusions

LncRNA CACNA1G-AS1 downregulates p53 
level by forming a carcinogenic complex with 
EZH2, thereby enhancing the proliferative and 
invasive abilities of CRC cells.

Figure 4. P53 knockdown partially reversed the regulatory effect of CACNA1G-AS1 on CRC cells. A, Transfection efficacy 
of sh-p53 in HCT116 cells. B, EdU assay showed DAPI-labeled (blue), EdU-labeled (red) and merged cells in HCT116 cells 
transfected with sh-NC, sh-CACNA1G-AS1 2# or sh-CACNA1G-AS1 2#+sh-p53 (magnification: 40×).
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