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Summary
Purpose: To study the expression of long non-coding RNA
(lncRNA) CDKN2B-AS1 in the liver tissue of patients with
liver cancer and its effect on the proliferation of liver cancer
cell line QGY-7703.
Methods: The expression of differentially expressed genes
in liver cancer tissues and normal liver tissues was analyzed
by bioinformatics. The expressions of differentially expressed
genes in clinical samples were analyzed by quantitative
real-time polymerase chain reaction (qRT-PCR) to analyze
whether there is a significant difference of CDKN2B-AS1
expression in clinical features of patients with liver cancer.
The clinical data were analyzed to find out the correlation
between the expressions of differentially expressed genes and
the overall survival, tumor size and TNM staging. The Gene
Set Enrichment Analysis (GSEA) enrichment analysis was
used to predict the function of CDKN2B-AS1. The cell proliferation was measured by cell counting kit-8 (CCK-8) assay.
Cell cycle was measured by flow cytometry. Expressions of
proteins were detected by Western blotting.

Results: The expression of CDKN2B-AS1 in liver cancer was
significantly higher compared to normal tissues. The results
of qRT-PCR were consistent with the results of the Cancer Genome Atlas (TGCA). The data of CDKN2B-AS1 showed that
the expression of CDKN2B-AS1 was associated with the total
survival, tumor size and TNM staging. GSEA results showed
that genes are enriched in cell cycle sets and others. Compared
with the control, the proliferation of QGY-7703 cells overexpressing CDKN2B-AS1 was significantly increased (p<0.001).
Western blotting results showed that the expressions of
CDK2 and CDK4 were up-regulated and the expression of
P16 was decreased after CDKN2B-AS1 was overexpressed.
Conclusions: LncRNA CDKN2B-AS1 was highly expressed
in liver cancer, and its expression was positively correlated
with the overall survival, tumor size and TNM stage. LncRNA CDKN2B-AS1 promoted the proliferation and expression
of liver cancer cells.
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Introduction
Liver cancer is now the third leading cause of
cancer death [1]. It is also the sixth most common
cancer worldwide and has a strong invasion capability and high incidence of metastasis [2]. Therefore, studies of the pathophysiology of liver cancer
for early disease detection are helpful for improving effective treatments and overall prognosis of
this disease.

Long non-coding RNA (lncRNA) is a class of
RNA molecules encoding transcripts with over
200 nucleotides (NT). LncRNAs cannot encode a
protein, however they have important regulatory
effects on genes [3]. LncRNAs are capable to regulate gene expressions through epigenetic regulation, transcriptional regulation and post-transcriptional regulation [4]. Many abnormal expressions
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of lncRNAs are considered to be associated with
recurrence, metastasis and prognosis of liver cancer. The expression of H19 non-coding RNA can
be induced by c-Myc, which is frequently overexpressed in hepatocellular carcinoma cells. C-Myc
can be used as a transcription factor to bind to
a highly conserved E-box near the H19 imprinted regulatory region on the activated maternal
chromosome to promote histone acetylation and
initiation of H19 expression, thus increasing the
proliferation of hepatocellular carcinoma cells [5].
Studies have shown that liver cancer patients with
overexpressed HOTAIR were prone to recurrence
and lymph node metastasis after liver transplantation, and short relapse-free survival, which was an
independent risk factor for liver cancer recurrence
after liver transplantation in vitro experiments using shRNA for inhibiting the expression of HOTAIR
in the hepatocellular carcinoma cells can affect the
viability and invasiveness of these cells [6]. In addition, HULC, MEG3, MVIH lncRNA were also related to liver cancer [7-9]. Therefore, a comprehensive
understanding of lncRNAs will help elucidate their
real effect on liver cancer [10,11].
CDKN2A/B gene is located in the 9p21 region,
which is associated with various diseases such
as cancer, heart and inflammatory diseases [12],
CDKN2A/B includes three tumor suppressor sites,
p14ARF, p16INK4A and p15INK4B [12,13]. CDN2BAS1 (CDN2B antisense RNA 1) is also closely related to many diseases [12,14,15]. However, CDN2BAS1 has not been reported in the liver cancer.
The purpose of this study was to investigate
the expression of lncRNA CDKN2B-AS1 in the
liver tissue of patients with liver cancer and its
effect on the proliferation of liver cancer cell lines.

(Gibco, Rockville, MD, USA) containing 10% fetal bovine serum (FBS, HyClone, South Logan, UT, USA). The
cells were placed in 6-well plates at 37°C, in 5% CO2 incubator. Cells were transfected with Lipofectamine 2000
(Invitrogen, Carlsbad, CA, USA) when the cells reached
80% confluence. The culture medium was replaced 6 h
after transfection.
RNA extraction and quantitative real-time polymerase chain
reaction (qRT-PCR)
After 24 h of transfection, the total RNA was extracted by 1 mL TRIzol reagent (Invitrogen, Carlsbad,
CA, USA). Complementary DNA (cDNA) was reverse
transcripted according to the instructions of the reverse
transcription Kit (TaKaRa, Tokyo, Japan). qRT-PCR was
used to detect the expression level of CDKN2B-AS1.
Glyceraldheyde 3-phosphate dehydrogenase (GAPDH)
gene was used as the internal reference in the quantitative analysis of CDKN2B-AS1 expression. Measurements
were performed in triplicate.
Cell proliferation assay by cell counting kit-8 (CCK-8) method
The transfection time point was 0 h, RPMI 1640
medium containing 10% FBS was changed 6 h later,
cells were inoculated into 96-well plates 24 h later and
CCK8 assay (Dojindo, Kumamoto, Japan) was performed
after culture for 24, 48, 72 and 96 h. The serum-free
medium was replaced at the time of detection. Ten μL of
CCK8 were added to each well. After incubation at 37°C
and 5% CO2 for 1 h, the optical density (OD) value was
measured at 450 nm by a microplate reader (BIO-RAD,
Ηercules, CA, USA). Each measurement was performed
in quintuplicate.
Cell cycle assay

Cells were plated in the 6-well plates and were
divided into the plasmids transfection pcDNA-NC and
pcDNA-CDN2B-AS1 groups.
After 24 h of incubation, 1x106 cells were collected
in each group, washed twice with PBS, and the supernatant was discarded. 70% ethanol (-20°C pre-cooling) was
Methods
used for fixation and placed at -20°C overnight. Then, the
cells were washed with pre-cooling PBS twice, incubated
Expression of lncRNA CDKN2B-AS1
with Rnase for 15 min and 50 μg/mL PI (propidium ioThe data of liver cancer were downloaded from dide) were added in each well for 30-min incubation. The
TCGA database. The expression of CDKN2B-AS1 in pa- PI-stained cells were detected by flow cytometry. Each
tients with liver cancer and its relationship with prog- group contained four samples.
nosis were analyzed.
Western blotting
Gene set enrichment analysis
The RIPA (radioimmunoprecipitation assay) protein
Gene Set Enrichment Analysis (GSEA) version 2.2.1 lysate (Beyotime, Shanghai, China) was used to extract
software was used to analyze genes function. GSEA web- the total protein in each group of cells. The BCA (Bicinsite MSIGDB database was used to obtain the data set; choninic acid) method was performed to quantitate the
then, the default weighted enrichment method was ap- protein concentration. Protein samples were electroplied for enrichment analysis. The random combination phoresed on polyacrylamide gels and then transferred
was set for 1000 times.
to polyvinylidene fluoride (PVDF) membranes (MERCK
Millipore, Billerica, MA, USA). After blocking with 5%
Cell culture and plasmid transfection
skimmed milk, the membranes were incubated with
Hepatocellular carcinoma cells QGY-7703, PLC/ primary antibody (ABCAM, Cambridge, MA, USA) at
PRF/5, HB611 and MHCC97 were cultured in Roswell 4°c overnight. The membrane was incubated with the
Park Memorial Institute 1640 (RPMI 1640) medium secondary goat anti-rabbit (HRP) IGG antibody after
JBUON 2019; 24(4): 1442
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rinsing with the buffer solution (TBST). Chemilumi- overall survival time of the CDKN2B-AS1-overexnescence was used to expose the protein bands on the pression group was significantly lower in patients
membrane.
with liver cancer than in the low-expression group
Statistics
SPSS 22.0 (SPSS IBM, Armonk, NY, USA) statistical
software was used for data analysis, and GraphPad Prism
5.0 (Version X; La Jolla, CA, USA) was used for picture
editing. Kaplan-Meier method was used for survival
analysis and log-rank test was used for comparisons
between groups. Quantitative data were compared with
t-test and presented as mean ± standard deviation (x±s),
and categorical data were compared with chi square test.
P<0.05 indicated significant difference.

Results
Expression of CDKN2B-AS1 in patients with liver cancer and its relationship with clinical data and functional gene enrichment analysis of CDKN2B-AS1
TCGA data showed that the CDKN2B-AS1 expression was significantly increased in patients
with liver cancer (Figure 1A and 1B, p<0.001). The

in TCGA (Figure 1C, p=0.048). The qRT-PCR performed on liver cancer tissues and adjacent tissues
of the selected 48 patients further confirmed that
the CDKN2B-AS1 was overexpressed in the liver
cancer tissues (Figure 2A, p<0.001). The analyzed
clinical data of patients showed that the expression level of CDKN2B-AS1 was conversely correlated with overall survival (Figure 2B, p<0.01),
which was consistent with those of TCGA data. In
addition, the expression of CDKN2B-AS1 was increased in patients with advanced tumor stage and
large tumor volumes (Figure 2C and Figure 2D).
Based on the median expression of CDKN2B-AS1,
patients were divided into high expression group
and low expression group. Chi square test showed
that tumor stage in the CDKN2B-AS1 high expression group was higher, and the tumor volume was
larger (Table 1). GSEA results showed that CDKN2B-AS1 was enriched in the cell cycle (Figure 3).

Figure 1. Database analysis showed that lncRNA CDKN2B-AS1 was highly expressed in liver cancer. A: Differential
expressions of liver cancer tissues and normal liver tissues. B: TCGA data analysis showed that CDKN2B-AS1 was highly
expressed in liver cancer tissues. C: TCGA data showed that the overall survival rate of liver cancer patients with overexpressed CDKN2B-AS1 was significantly lower than that of CDKN2B-AS1 low expression group. ***p<0.001.
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Screening cell lines
The normal cell line L-02 was used as control, the total RNA was extracted from the cell
lines QGY-7703, PLC/PRF/5, HB611, MHCC97,
and then the relative expression of CDKN2BAS1 in these cells was detected by qRT-PCR. As
shown in Figure 4A, the expression of CDKN2BAS1 was slightly lower in the QGY-7703 cell
line, so we selected this cell line for subsequent
overexpression experiments. The corresponding
plasmids were constructed and transfected into
the corresponding hepatocarcinoma cell lines
and the transfection results are shown in Figure
4B.
Effects of CDKN2B-AS1 overexpression on the proliferation of QGY-7703 cells
CCK8 assay showed that overexpression of CDKN2B-AS1 promoted the proliferation of QGY-7703
cells after transfection of these cells with pcDNA-

CDKN2B-AS1. The difference was statistically significant (Figure 4C).
Effects of CDKN2B-AS1 overexpression on the cell cycle
of QGY-7703 cells
In QGY-7703 cells, cell cycle progression was
accelerated after pcDNA-CDKN2B-AS1 transfection compared to the pcDNA-NC negative control.
The difference was statistically significant (Figure
4D).
Effect of CDKN2B-AS1 overexpression on the regulation of cyclins in QGY-7703 cells
Western blotting results showed that the expressions of CDK2 and CDK4 proteins were increased and the expression of p16 protein was
decreased after transfection of QGY-7703 cells
with pcDNA-CDKN2B-AS1, which indicated that
CDKN2B-AS1 promoted the cell cycle from G0/G1
phase to S phase in QGY-7703 cells (Figure 4E).

Figure 2. Clinical sample analysis showed that lncRNA CDKN2B-AS1 was highly expressed in the liver cancer. A: The
expression of lncRNA CDKN2B-AS1 in 48 liver cancer tissues was significantly higher than that in adjacent tissues.
B: The overall survival rate of liver cancer patients with CDKN2B-AS1 overexpression was significantly lower than
that of CDKN2B-AS1 low expressing group (p<0.05). C: The expression of CDKN2B-AS1 was positively correlated with FIGO staging. D: The expression of CDKN2B-AS1 was positively correlated with tumor size. **p<0.01 and
***p<0.001.
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Table 1. Correlation between lncRNA CDKN2B-AS1 expression and clinicopathological features in patients with liver
cancer (n = 48)
Clinicopathologic features

Number of cases

LncRNA CDKN2B-AS1 expression
Low (n=22)

High (n=26)

21

22
9

26
12

27

13

14

Male

19

11

8

Female

29

11

18

Age (years)
≤60
>60
Gender

0.7151

0.1746

Tumor size, cm

0.0280

≤5

29

17

12

>5

19

5

14

I-II

26

16

10

III-IV

22

6

16

Low

24

13

11

Medium and high

24

9

15

28
20

15
7

13
13

TNM stage

0.0176

Grade

0.2466

Lymph node metastasis
Absent
Present

p value

0.2029

Figure 3. The GO analysis of CDKN2B-AS1 in TCGA datasets. A-F: The GO analysis showed that CDKN2B-AS1 mainly
regulated cell cycle. The results of these figures showed that CDKN2B-AS1 could promote the proliferation of liver
cancer cells by regulating the cell cycle.
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Figure 4. LncRNA CDKN2B-AS1 promoted the proliferation of HCC. A: Expression of lncRNA CDKN2B-AS1 in hepatocytes and liver cancer cell lines (L-02, QGY-7703, PLC/PRF/5, HB611, MHCC97). B: Transfection of pcDNA-CDKN2B-AS1
in QGY-7703. C: CCK8 assay showed that overexpression of CDKN2B-AS1 in QGY-7703 cells promoted the cell viability.
D and E: Overexpression of CDKN2B-AS1 promoted the cell cycle of QGY-7703 cells. F: Expressions of CKD2 and CKD4
were increased and the expression of cell cycle inhibitor protein p16 was decreased after CDKN2B-AS1 was overexpressed
in liver cancer cell line QGY-7703. *p<0.05, **p<0.01, ***p<0.001.

Discussion
Abnormal expressions of lncRNAs play an
important role in the development and progression of tumors. Studies of lncRNAs are expected
to provide new targets for the diagnosis and treatment of tumors. It has been found that lncRNA
CDNK2B-AS1 was associated with the incidence
of POAG (primary open angle glaucoma) within
the genome [16,17]. In addition, CDNK2B-AS1 was
associated with the development of cardiovascular
disease [18], diabetes [19], intracranial aneurysms
[20] and gastric cancer [21], however, its research in
tumors was less and no report on its involvement
in liver cancer has been reported.
With the arrival of big data age, the Cancer Genome Atlas (TCGA) has been increasingly used in
medical research because of its large sample size,
complete gene expression spectrum and comprehensive prognostic information of patients. ThereJBUON 2019; 24(4): 1446

fore, in this study, the expression of CDKN2B-AS1
in liver cancer and its effect on prognosis through
TCGA database was analyzed to provide evidence
and ideas for further studies on the mechanism of
CDKN2B-AS1 in tumor genesis and progression.
TCGA analysis showed that CDKN2B-AS1 was significantly overexpressed in liver cancer and was associated with the overall survival, suggesting that
CDKN2B-AS1 was a risk factor for poor prognosis
in patients with liver cancer. Then, we further validated that CDKN2B-AS1 was highly expressed in
liver cancer in clinical samples. The results were
consistent with TCGA analysis. Clinical data showed
that CDKN2B-AS1 was positively correlated with
overall survival, tumor size and TNM staging, but
not with age, sex, grade, lymph node involvement
and distant metastasis. Therefore, we speculated
that CDKN2B-AS1 was a cancer-promoting agent
of liver cancer, which could be expected to become
a biomarker of liver cancer.

The role of lncRNA CDKN2B-AS1 in liver cancer

To further study the role of overexpressed
CDKN2B-AS1 in the development and progression
of liver cancer, we analyzed the data in the TCGA
database by gene set enrichment analysis (GSEA).
GSEA results suggested that CDKN2B-AS1 was
connected with the cell cycle and that CDKN2BAS1 may play a role in the proliferation of liver
cancer cells though affecting the cell cycle.
Cell cycle is a very complex and a basic regulatory process. A number of molecules has been
involved in cell cycle regulation, including three
major categories: cyclins, cyclin-dependent kinases,
and cyclin-dependent kinase inhibitors, which are
collectively called cell cycle genes, of which, CDKs
are the core of the regulatory network. Cyclins have
a positive regulatory effect on the CDKs, and a negative regulation on the CKIs, and altogether these
constitute the molecular basis of cell cycle regulation [22-24]. Western blotting results showed that
the expression of cyclin-dependent kinase 2 was increased after overexpression of CDKN2B-AS1, and
the expression of p16 in CKIs family decreased.
This suggested that CDKN2B-AS1 regulated cell
cycle through a cyclin-regulated protein. Cell function experiments showed that CDKN2B-AS1 over-
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expression promoted the proliferation of hepatocellular carcinoma cells and promoted the cell cycle
from G0/G1 phase to S phase.
In summary, this study suggested that the
development of hepatocellular carcinoma was
closely related to the expression of CDKN2B-AS1,
which could promote the proliferation of hepatocarcinoma cells, and its expression could be used
as a prognostic independent factor. Exploring the
mechanism of CDKN2B-AS1 in liver cancer is expected to provide potential target support for the
clinical treatment of liver cancer.

Conclusions
LncRNA CDKN2B-AS1 was highly expressed
in the liver cancer, which can promote the proliferation of HCC cells. The expression of CDKN2BAS1 was positively correlated with overall survival,
tumor size and TNM stage of patients, and is expected to be a target of liver cancer therapy.

Conflict of interests
The authors declare no conflict of interests.

References
1.

Xiang Y, Song F, Yang XH, Qin KH, Zhang ST, Wei YL.
Evaluation of the significance of hepatic functional reserve for the operation of liver cancer complicated with
cirrhosis. JBUON 2017;22:932-5.

2.

Chun JM, Kwon HJ, Sohn J et al. Prognostic factors after
early recurrence in patients who underwent curative
resection for hepatocellular carcinoma. J Surg Oncol
2011;103:148-51.

3.

Zhang L, Wang DL, Yu P. LncRNA H19 regulates the
expression of its target gene HOXA10 in endometrial
carcinoma through competing with miR-612. Eur Rev
Med Pharmacol Sci 2018;22:4820-4827.

4.

Yu X, Zhao J, He Y. Long non-coding RNA PVT1 functions as an oncogene in human colon cancer through
miR-30d-5p/RUNX2 axis. JBUON 2018;23:48-54.

5.

Barsyte-Lovejoy D, Lau SK, Boutros PC et al. The c-Myc
oncogene directly induces the H19 noncoding RNA by
allele-specific binding to potentiate tumorigenesis.
Cancer Res 2006;66:5330-7.

6.

Yang Z, Zhou L, Wu LM et al. Overexpression of long
non-coding RNA HOTAIR predicts tumor recurrence
in hepatocellular carcinoma patients following liver
transplantation. Ann Surg Oncol 2011;18:1243-50.

7.

Yang F, Zhang L, Huo XS et al. Long noncoding RNA
high expression in hepatocellular carcinoma facilitates
tumor growth through enhancer of zeste homolog 2 in
humans. Hepatology 2011;54:1679-89.

8.

Zhou Y, Zhong Y, Wang Y et al. Activation of p53 by
MEG3 non-coding RNA. J Biol Chem 2007;282:2473142.

9.

Yuan SX, Yang F, Yang Y et al. Long noncoding RNA
associated with microvascular invasion in hepatocellular carcinoma promotes angiogenesis and serves as
a predictor for hepatocellular carcinoma patients’ poor
recurrence-free survival after hepatectomy. Hepatology
2012;56:2231-41.

10. Zhao Y, Li H, Fang S et al. NONCODE 2016: an informative and valuable data source of long non-coding RNAs.
Nucleic Acids Res 2016;44:D203-8.
11. Li JH, Liu S, Zhou H, Qu LH, Yang JH. starBase v2.0:
decoding miRNA-ceRNA, miRNA-ncRNA and proteinRNA interaction networks from large-scale CLIP-Seq
data. Nucleic Acids Res 2014;42:D92-7.
12. Hannou SA, Wouters K, Paumelle R, Staels B. Functional genomics of the CDKN2A/B locus in cardiovascular and metabolic disease: what have we learned from
GWASs? Trends Endocrinol Metab 2015;26:176-84.
13. Sharpless NE, Sherr CJ. Forging a signature of in vivo
senescence. Nat Rev Cancer 2015;15:397-408.
14. Cunnington MS, Santibanez KM, Mayosi BM, Burn J,
Keavney B. Chromosome 9p21 SNPs Associated with
Multiple Disease Phenotypes Correlates with ANRIL
Expression. PLoS Genet 2010;6:e1000899.
15. Congrains A, Kamide K, Ohishi M, Rakugi H. ANRIL:
JBUON 2019; 24(4): 1447

1448

The role of lncRNA CDKN2B-AS1 in liver cancer

molecular mechanisms and implications in human
health. Int J Mol Sci 2013;14:1278-92.

loci for intracranial aneurysm in European and Japanese populations. Nat Genet 2008;40:1472-7.

16. Lachke SA, Alkuraya FS, Kneeland SC et al. Mutations
in the RNA granule component TDRD7 cause cataract
and glaucoma. Science 2011;331:1571-6.

21. Kinnersley B, Labussiere M, Holroyd A et al. Genomewide association study identifies multiple susceptibility loci for glioma. Nat Commun 2015;6:8559.

17. Burdon KP, Macgregor S, Hewitt AW et al. Genomewide association study identifies susceptibility loci for
open angle glaucoma at TMCO1 and CDKN2B-AS1. Nat
Genet 2011;43:574-8.

22. Choi HJ, Fukui M, Zhu BT. Role of cyclin B1/Cdc2 upregulation in the development of mitotic prometaphase
arrest in human breast cancer cells treated with nocodazole. PLoS One 2011;6:e24312.

18. Helgadottir A, Thorleifsson G, Manolescu A et al. A
common variant on chromosome 9p21 affects the risk
of myocardial infarction. Science 2007;316:1491-3.

23. Fidalgo DSE, Ansari SB, Maimaiti J et al. The tumor
suppressor tuberin regulates mitotic onset through
the cellular localization of cyclin B1. Cell Cycle
2011;10:3129-39.

19. Scott LJ, Mohlke KL, Bonnycastle LL et al. A genomewide association study of type 2 diabetes in Finns
detects multiple susceptibility variants. Science
2007;316:1341-5.
20. Bilguvar K, Yasuno K, Niemela M et al. Susceptibility

JBUON 2019; 24(4): 1448

24. Sakai K, Barnitz RA, Chaigne-Delalande B, Bidere N,
Lenardo MJ. Human immunodeficiency virus type 1 Vif
causes dysfunction of Cdk1 and CyclinB1: implications
for cell cycle arrest. Virol J 2011;8:219.

