JBUON 2021; 26(4): 1333-1339
ISSN: 1107-0625, online ISSN: 2241-6293 • www.jbuon.com
Email: editorial_office@jbuon.com

ORIGINAL ARTICLE

FBXL19-AS1 aggravates the progression of hepatocellular
cancer by downregulating KLF2
Yudan Chen, Linglin Yang
Department of Oncology, the Affiliated Hospital of Southwest Medical University

Summary
Purpose: To uncover the role of FBXL19-AS1 in aggravat- Results: FBXL19-AS1 was highly expressed in HCC tising the progression of hepatocellular cancer (HCC) by down- sues, especially in those larger than 5 cm in tumor size and
regulating kruppel-likefactor2 (KLF2).
worse tumor stage. FBXL19-AS1 was mainly distributed in
nucleus and interacted with EZH2 and SUZ12. Knockdown
Methods: FBXL19-AS1 level in HCC tissues and adjacent of FBXL19-AS1 suppressed proliferation, cell cycle progresnormal tissues were firstly determined. Its level in HCC with sion and induced apoptosis of HCC cells. Moreover, silence
different tumor sizes (≤ 5 cm or >5 cm) and different tumor of FBXL19-AS1 attenuated the recruitment ability of EZH2
stages (stage I-II or III-IV) was examined as well. Subcellular on KLF2. Knockdown of KLF2 reversed the regulatory effect
distribution of FBXL19-AS1 was detected. The regulatory of FBXL19-AS1 on proliferative ability of HCC cells.
effect of FBXL19-AS1 on viability, apoptosis and cell cycle
Conclusions: Long non-coding RNA (lncRNA) FBXL19progression of HCC cells was assessed. RNA immunoprecipiAS1 is upregulated in HCC. It accelerates proliferative abiltation (RIP) assay was conducted to explore the interaction
ity, cell cycle progression and suppresses apoptosis of tumor
between FBXL19-AS1 with EZH2 and SUZ12. Moreover,
cells through interacting with KLF2, thus aggravating the
chromatin immunoprecipitation (ChIP) assay was carried
progression of HCC.
out to identify the recruitment ability of FBXL19-AS1 on
EZH2 and H3K27me3. Finally, the potential role of KLF2 in Key words: hepatocellular cancer (HCC); FBXL19-AS1;
FBXL19-AS1-mediated HCC proliferation was investigated. KLF2

Introduction
Hepatocellular cancer (HCC) is a prevalent tumor ranking the third in the mortality of malignancies [1]. Most of HCC patients are already in
advanced stage at diagnosis. Only 20% of HCC patients could be treated by surgery, radiofrequency
ablation and liver transplantation [2]. The efficacy
of surgical treatment for HCC is not satisfactory
owing to tumor recurrence and metastasis. The
postoperative 5-year survival of HCC is about 6575% [3,4]. Recurrent HCC extremely endangers patient lives. Hence, development of diagnostic and
therapeutic targets for HCC is of great significance.

Long non-coding RNA (lncRNA) is a kind of
ncRNA with more than 200 nt in length and it is
mainly located in the nucleus or cytoplasm [5]. In
2002, Okazaki et al [6] first discovered lncRNA in
the large-scale sequencing of mouse transcriptome
based on functional annotation of 60,770 fulllength complementary deoxyribose nucleic acids
(cDNAs). LncRNAs exert diverse functions in regulating cellular behaviors [7]. Moreover, lncRNAs
are abnormally expressed in many tumor diseases
[8-10]. Zhang et al [11] reported that lncRNA H19 is
closely related to prognosis of liver cancer, which
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could accelerate invasion and metastasis of liver
cancer cells. A previous research indicated that
FBXL19-AS1 exerts a carcinogenic role in colorectal cancer [12]. However, the biological function
and molecular mechanism of lncRNA FBXL19-AS1
in HCC are still unclear.
The kruppel-likefactor (KLF) transcription factor family has a Cys2/His2 zinc finger domain that
mediates cell differentiation and proliferation [13].
KLF2, located on chromosome 19p13.1, is a member of the KLFs family. It was first discovered in human lung tissues [14]. Recent studies have reported
that LINC00460 can promote the development of
colorectal cancer by regulating the expression of
KLF2 [15]. This study explored the role of FBXL19AS1 and KLF2 in the progression of HCC. We aim
to provide potential targets for HCC diagnosis and
treatment.

Methods
Subjects
HCC tissues and adjacent normal tissues were
harvested from 60 HCC patients. Clinical indexes and
follow-up data of enrolled HCC patients were collected.
None of these patients were preoperatively treated. This
study was approved by the Medical Ethics Committee of
our hospital (15-SC-XNYK-04329) and informed consent
was provided from each subject.

quantified and reversely transcribed into cDNA, followed
by PCR using SYBR Green method. Primer sequences
were as follows: FBXL19-AS1: 5’-GGTACAACTACGGATATGA-3’ (forward) and 5’-TACGTCTCGACCATTACGCA-3’ (reverse); Glyceraldheyde 3-phosphate dehydrogenase (GAPDH): 5’-GAAGGTGAAGGTCGGAGTC-3’
(forward) and 5’-GAAGATGGTGAT GGGATTTC-3’
(reverse).
Cell counting kit-8 (CCK-8)
Cells were seeded in 96-well plates with 3×103 cells
per well. Absorbance (A) at 450 nm was recorded at the
appointed time points using the CCK-8 kit (Dojindo Laboratories, Kumamoto, Japan) for depicting the viability
curve.
Apoptosis determination
Cells were prepared for single-cell suspension with
4×105 cells/mL. Cells were double-stained with 5 μL of
Annexin V and 5 μL of fluorescein isothiocyanate (FITC)
in the dark for 10 min. Apoptotic rate was finally determined using flow cytometry (Partec AG, Arlesheim,
Switzerland).
Cell cycle detection

Cells were seeded in 6-well plates with 1×105 cells/mL
and subjected to serum starvation for 12 h. Cells were incubated with 25 or 50 μmol/L Andro, and 0.1% dimethyl
sulfoxide (DMSO) (Sigma-Aldrich, St. Louis, MO, USA)
as negative control for 12, 24 and 48 h. Subsequently,
cells were collected and centrifuged at 1000 r/min for 5
min. The precipitate was washed with phosphate buffCell culture and transfection
ered saline (PBS) once, suspended in 200 μL of PBS and
Normal liver cell line and HCC cell lines were cul- fixed in pre-cooled 75% ethanol for 12 h. Cells were intured in Dulbecco’s Modified Eagle Medium (DMEM) cubated with 100 μL propidium iodide and 100 μL RNA
(Gibco, Rockville, MD, USA) containing 10% fetal bo- enzyme. Cell cycle was detected using flow cytometry.
vine serum (FBS) (Gibco, Rockville, MD, USA) and 1%
penicillin-streptomycin in a 5% CO2 incubator at 37°C. 5-Ethynyl-2’- deoxyuridine (EdU) assay
Cells in logarithmic growth phase were selected for
Cells were seeded in 96-well plates with 300 cells
transfection using Lipofectamine 2000 (Invitrogen,
per
well.
Cells were labeled with 50 μmol/L EdU (SigmaCarlsbad, CA, USA). Fresh medium was replaced at 24
Aldrich,
St.
Louis, MO, USA) at 37°C for 2 h. After 30-min
h. Sequences of transfection vectors were as follows:
fixation
in
4%
paraformaldehyde, cells were incubated
sh-FBXL19-AS1: 5’-CCGGCCTCCCTAAGTGTTGGGATTACTCGAGTAATCCCAACACTTAGGGAGGTTTTTTG-3’; with PBS containing 0.5% Triton-100 for 20 min. After
sh-FBXL19-AS1: 5’-CCGGGCATTTAATTTGGCATAG- washing with PBS containing 3% bovine serum albumin
CAACTCGAGTTGCTATGCCAAATTAAATGCTTTTTTG-3’; (BSA), 100 μL of dying solution was applied per well for
sh-NC: forward, 5’-CCGGTTTCTCCGAACGTGT- 1-h incubation in the dark and cells were counter-stained
CACGTCTCGAGACGTGACACGTTCGGAGAATTTTTG-3’ with Hoechst 33342 for 30 min. EdU-positive cells were
and reverse, 5’-AATTCAAAAAGTTCTCCGAACGT- captured under a microscope (magnification 100×).
GTCACGTCTCGAGACGTGACACGTTCGGAGAA-3’;
Western blot
sh-EZH2: forward, 5’-AGAGGTACCG-GACGAAGAATAATCATGG-3’ and reverse, 5’-TAGCTCGAGGGTotal protein was extracted from cells or tissues usTAGCAGATGTAAGG-3’;
sh-KLF2:
forward ing radioimmunoprecipitation assay (RIPA) (Beyotime,
5’-GATCCGCGCACCCACGACGACCTCAATTCAAGA- Shanghai, China) and loaded for electrophoresis. After
GATTGAGGTCGTCGTCGGTGCCGTTTTTTC-3’ and re- transferring on a polyvinylidene fluoride (PVDF) memverse 5’-AATTGAAAAAACGGCACCGACGACGACCT- branes (Millipore, Billerica, MA, USA), it was blocked
CAATCTCTTGAATTGAGGTCGTCGTCGGTGCCGCG-3’.
in 5% skim milk for 2 h, incubated with primary antibodies at 4°C overnight and secondary antibodies for 2
Quantitative real-time polymerase chain reaction (qRT-PCR)
h. Bands were exposed by electrochemiluminescence
RNA extraction was performed using TRIzol method (ECL) and analyzed by Image-Pro Plus (Silver Springs,
(Invitrogen, Carlsbad, CA, USA). The extracted RNA was MD, USA).
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Statistics

SPSS 20.0 software (IBM, Armonk, NY, USA) was
Cytoplasmic and nuclear RNAs were extracted using the PARIS kit (Invitrogen, Carlsbad, CA, USA) and used for data analyses. Data were expressed as mean
subjected to qRT-PCR. U6 was the internal reference of ± standard deviation. Intergroup differences were analyzed by the t-test. P<0.05 was considered statistically
nucleus and GAPDH was that of cytoplasm.
significant.
RNA immunoprecipitation (RIP)
Cells were treated according to the procedures of
Millipore (Billerica, MA, USA) Magna RIPTM RNABinding Protein Immunoprecipitation Kit. Cell lysate
was incubated with anti-EZH2, anti-SUZ12 or IgG antibody at 4°C for 6 h. A protein-RNA complex was captured
and digested with 0.5 mg/ml proteinase K containing
0.1% SDS to extract RNA. The magnetic beads were
repeatedly washed with RIP washing buffer to remove
non-specific adsorption as much as possible. Finally, the
extracted RNA was subjected to mRNA level determination using qRT-PCR.

Results
Upregulated FBXL19-AS1 in HCC

Compared with adjacent normal tissues,
FBXL19-AS1 was upregulated in HCC tissues (Figure 1A). HCC tissues with >5 cm in tumor size had
higher level of FBXL19-AS1 relative to those ≤
5 cm (Figure 1B). Based on tumor staging, HCC
patients in stage III-IV presented higher level of
FBXL19-AS1 than those in stage I-II (Figure 1C). In
vitro level of FBXL19-AS1 was upregulated in HCC
Chromatin immunoprecipitation (ChIP)
cell lines relative to that of normal liver cell line
Cells were subjected to 10-min cross-link with 1% (Figure 1D).
formaldehyde at room temperature. Subsequently, cells
were lysed using lysis buffer and sonicated for 30 min. Knockdown of FBXL19-AS1 suppressed proliferation,
Finally, the sonicated lysate was immuno-precipitated cell cycle progression and induced apoptosis of HCC
with anti-EZH2, anti-H3K27me3 or anti-IgG. EZH2 forThree sh-FBXL19-AS1 vectors were constructward primers: 5’-TGCACATCCTGACTTCTGTG-3’, and
reverse primers: 5’- AAGGGCATTCACCAACTCC-3’.
ed and their transfection efficacies were verified

Figure 1. Upregulated FBXL19-AS1 in HCC. A: Relative level of FBXL19-AS1 in adjacent normal tissues and HCC tissues. B: Relative level of FBXL19-AS1 in HCC tissues >5 cm and ≤ 5 cm in tumor size. C: Relative level of FBXL19-AS1
in HCC patients with stage III-IV and stage I-II. D: Relative level of FBXL19-AS1 in normal liver cell line and HCC cell
lines. **p<0.01, ***p<0.001.
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in SMMC7721 and HCCLM3 cells. QRT-PCR data
showed that transfection of sh-FBXL19-AS1 2#
and sh-FBXL19-AS1 3# markedly downregulated
FBXL19-AS1 level in HCC cells (Figure 2A). At 48,
72 and 96 h, transfection of sh-FBXL19-AS1 2# and
sh-FBXL19-AS1 3# decreased the viability in HCC

cells (Figure 2B, 2C). Besides, the apoptotic rate
was elevated by knockdown of FBXL19-AS1 (Figure
2D). After transfection of sh-FBXL19-AS1 2# and
sh-FBXL19-AS1 3#, cell ratio in G0/G1 phase markedly increased, suggesting the arrested cell cycle
progression (Figure 2E). EdU assay revealed that

Figure 2. Knockdown of FBXL19-AS1 suppressed proliferation, cell cycle progression and induced apoptosis of HCC.
A: Transfection efficacies of sh-FBXL19-AS1 1#, sh-FBXL19-AS1 2# and sh-FBXL19-AS1 3# in SMMC7721 and HCCLM3
cells. B: CCK-8 assay showed viability in SMMC7721 cells transfected with sh-NC, sh-FBXL19-AS1 2# or sh-FBXL19AS1 3#. C: CCK-8 assay showed viability in HCCLM3 cells transfected with sh-NC, sh-FBXL19-AS1 2# or sh-FBXL19-AS1
3#. D: Apoptotic rate in SMMC7721 and HCCLM3 cells transfected with sh-NC, sh-FBXL19-AS1 2# or sh-FBXL19-AS1
3#. E: Cell cycle progression in SMMC7721 cells transfected with sh-NC, sh-FBXL19-AS1 2# or sh-FBXL19-AS1 3#.
F: Cell cycle progression in HCCLM3 cells transfected with sh-NC, sh-FBXL19-AS1 2# or sh-FBXL19-AS1 3#. ***p<0.001.

Figure 3. Knockdown of FBXL19-AS1 suppressed the proliferative ability of HCC. EdU assay showed DAPI-labeled
(blue), EdU-labeled (red) and merged cells in SMMC7721 and HCCLM3 cells transfected with sh-NC, sh-FBXL19-AS1
2# or sh-FBXL19-AS1 3#.
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transfection of sh-FBXL19-AS1 2# or sh-FBXL19- Knockdown of KLF2 reversed the regulatory effect of
AS1 3# in SMMC7721 and HCCLM3 cells reduced FBXL19-AS1 on HCC proliferation
the number of EdU-positive cells, suggesting the
Transfection of sh-KLF2 markedly downreguattenuated proliferative ability (Figure 3).
lated KLF2 level in HCCLM3 cells, demonstrating
FBXL19-AS1 downregulated KLF2 through recruiting the pronounced transfection efficacy (Figure 5A).
Notably, the decreased number of EdU-positive
EZH2
HCCLM3 cells transfected with sh-FBXL19-AS1
KLF2 level was found to be upregulated in 2# was partially reversed after co-transfection of
HCC cells transfected with sh-FBXL19-AS1 2# or sh-KLF2 (Figure 5B). Hence, it is believed that
sh-FBXL19-AS1 3# (Figure 4A,4B). Through subcel- FBXL19-AS1 influenced the proliferative ability of
lular distribution analysis, FBXL19-AS1 was identi- HCC by regulating KLF2.
fied to be mainly distributed in the nucleus of HCC
cells (Figure 4C). Moreover, RIP assay revealed Discussion
higher enrichment of FBXL19-AS1 in anti-EZH2
and anti-SUZ12 relative to anti-IgG (Figure 4D).
HCC is a primary liver cancer with high morTransfection of sh-EZH2 remarkably downregulat- tality. The incidence of HCC is particularly high
ed EZH2 level and upregulated KLF2 level in HC- in Asia, Africa and Southern Europe [16]. Several
CLM3 cells (Figure 4E). Furthermore, transfection risk factors for HCC have already been confirmed,
of sh-FBXL19-AS1 2# decreased the recruitment including hepatitis B or hepatitis C virus infection
ability of EZH2 on KLF2, indicating that KLF2 level and alcohol abuse. The molecular mechanism unwas regulated by FBXL19-AS1 through recruiting derlying the pathogenesis and metastasis of HCC is
EZH2 (Figure 4F).
poorly explored [17]. It is of significance to explore

Figure 4. FBXL19-AS1 downregulated KLF2 through recruiting EZH2. A: Protein level of KLF2 in SMMC7721
cells transfected with sh-NC, sh-FBXL19-AS1 2# or sh-FBXL19-AS1 3#. B: Protein level of KLF2 in HCCLM3 cells
transfected with sh-NC, sh-FBXL19-AS1 2# or sh-FBXL19-AS1 3#. C: Subcellular distribution of FBXL19-AS1 in
the cytoplasm fraction and nuclear fraction. GAPDH and U6 served as cytoplasmic and nuclear internal reference,
respectively. D: RIP assay showed enrichment of FBXL19-AS1 in anti-IgG, anti-EZH2 and anti-SUZ12. E: Protein
levels of KLF2 and EZH2 in HCCLM3 cells transfected with sh-NC or sh-EZH2. F: ChIP assay showed relative immunoprecipitant of HCCLM3 transfected with sh-NC or sh-FBXL19-AS1 2# in anti-IgG, anti-EZH2 and anti-H3K27me3.
**p<0.01, ***p<0.001.
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Figure 5. Knockdown of KLF2 reversed the regulatory effect of FBXL19-AS1 on HCC proliferation. A: Transfection efficacy of sh-KLF2 in HCCLM3 cells. B: EdU assay showed DAPI-labeled (blue), EdU-labeled (red) and merged cells in
HCCLM3 cells transfected with sh-NC, sh-FBXL19-AS1 2# or sh-FBXL19-AS1 2#+sh-KLF2.

the etiology and pathogenesis of HCC, thus improving the therapeutic efficacy.
In recent years, lncRNAs are proved to participate in the occurrence and progression of tumors
at transcriptional or post-transcriptional level [18].
Functionally, lncRNAs regulate mRNA precursor
modification according to the principle of base pairing or interact with proteins and miRNAs to mediate
gene expressions. Besides, lncRNAs are involved in
epigenetic modification through recruiting chromatin-modifying enzyme complexes to the targeted
regions [19,20]. Multiple lncRNAs are abnormally
expressed in HCC. These lncRNAs could influence
the progression of HCC by regulating corresponding
target genes [21]. In this study, FBXL19-AS1 was upregulated in HCC tissues. Furthermore, FBXL19-AS1
accelerated the proliferative ability and cell cycle
progression, but inhibited apoptosis of HCC cells.
KLF2 is expressed on embryonic day 14. A previous experiment showed that endothelial-specific
KLF2 knockout mice die of bleeding and high-output
heart failure due to loss of vascular integrity [22].
Exposure to laminar shear stress stimulates glomerular endothelial cells to activate the ERK5 signal-

ing pathway, upregulate KLF2 and its downstream
genes eNOS, THBD and ET-1 [23]. It is indicated that
KLF2 exerts a protective role on endothelial function. KLF2 is implicated to be downregulated in a
variety of tumors [24]. Chen et al [25] illustrated the
potentiation of treatment efficacy against colon cancer via elevating KLF2 expression in tumor vascular
endothelial cells. In this study, KLF2 was negatively
regulated by FBXL19-AS1 in HCC. Knockdown of
KLF2 reversed the regulatory effect of FBXL19-AS1
on the proliferative ability of HCC cells. To sum up,
FBXL19-AS1 aggravated the progression of HCC via
interacting with KLF2.

Conclusions
LncRNA FBXL19-AS1 accelerates the proliferative ability, cell cycle progression and suppresses
apoptosis of tumor cells through interacting with
KLF2, thus aggravating the progression of HCC.
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