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LncRNA FLJ33360 accelerates the metastasis
in hepatocellular carcinoma by targeting
MiRNA-140/MMP9 axis
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Abstract: This study aims to detect expression level of long non-coding RNA (IncRNA) FLJ33360 in hepatocellular
carcinoma (HCC) and its regulatory effects on accelerating malignant progression of HCC. Expression levels of
FLJ33360 in 29 matched HCC tissues and paracancerous tissues were detected by quantitative real-time poly-
merase chain reaction (QRT-PCR). After transfection of sh-FLJ33360#1 in Bel-7402 and HepG2 cells, changes in
migratory and invasive capacities were evaluated by Transwell and wound healing assay. Potential miRNAs targeting
FLJ33360 were verified. The correlation between expression levels of FLJ33360 and miRNA-140 in HCC tissues
was determined. At last, potential influences of FLJI33360/miRNA-140 regulatory loop on HCC phenotypes were
determined by rescue experiments. FLJ33360 was upregulated in HCC tissues relative to paracancerous ones.
After knockdown of FLJ33360, migratory and invasive capacities in Bel-7402 and HepG2 cells were attenuated.
There were five miRNA candidates predicted to bind FLU33360, and miRNA-140 was the most differentially ex-
pressed by FLJ33360 regulation. Dual-luciferase reporter gene assay confirmed the binding between FLJ33360
and miRNA-140. Besides, their expression levels were negatively correlated in HCC tissues. Moreover, knockdown
of miRNA-140 could stimulate metastatic ability in HCC. At last, rescue experiments verified the involvement of
miRNA-140 in FLU33360-regulated HCC progression. LncRNA FLJ33360 is upregulated in HCC. It accelerates the
metastasis of HCC through targeting miRNA-140/MMP9 axis.
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Introduction

Hepatocellular carcinoma (HCC) is a common
malignancy with hidden onset, various carcino-
genic factors, low rate of early detection and
high mortality [1-3]. The morbidity of HCC is on
the rise throughout the world. It is reported that
about 600,000 people die of HCC each year
[1-4]. The morbidity and mortality of HCC rank
the fifth and second in the world, respectively.
In China, HCC patients account for 55% of
global HCC cases. Its incidence is much higher
in the Southeast coastal areas of China. The
median age of Chinese HCC patients is 29-50
years, and males are more often to be affected
than females [5, 6]. HBV infection, alcohol-
induced cirrhosis, chemical carcinogens (i.e.
flavansin) and environmental factors are con-
sidered to be risk factors for HCC [2, 5].

Symptoms and signs of early-stage HCC are
atypical. Thus, most HCC patients are diag-
nosed at advanced stage and lose their op-
timal opportunity for surgery [7, 8]. Advanced
HCC patients are unable to receive liver resec-
tion, and palliative therapies are preferred.
Nevertheless, chemotherapy, radiotherapy or
other medicine administration may result in
various adverse events [8-10]. As a result,
searching for novel therapy of HCC is extremely
important [11].

Long non-coding RNAs (IncRNAs) are non-cod-
ing RNAs with over 200 nt long. They could not
encode protein and widely express in somatic
cells [12]. Some IncRNAs are found to be upreg-
ulated in well-differentiated organs or specific
types of tumors [12, 13]. In fact, the number of
IncRNAs far exceeds that of protein-encoding
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Table 1. Primer sequences

influence the progression of
ovarian cancer [22]. Its specif-
ic function in HCC, however,
remains unclear.

MicroRNAs (miRNAs) are non-
coding, small RNAs extensive-
ly distributed in eukaryotes.
They are widely involved in
physiological and pathological
processes through regulating

the target genes [23, 24].
MiRNA-encoded genes usua-
lly locate in the intron regions,
and exist in the form of single
copy, multiple copies or ge-
ne clusters [24, 25]. MiRNA-
140 is a tumor-associated ge-
ne responsible for regulating
progression of gastric cancer
[26]. In addition, matrix metal-
loproteinase-9 (MMP9) is an
important matrix proteinase
that degrades collagen type
IV, the major component of
the basement membrane. Ov-
erexpression of MMP9 often
facilitates cancer metastasis
2 [27, 28]. In this paper, there-
fore, we explored the role of

Gene Primer sequences

FLJ33360 Forward: 5’-GCTTCCGATGTGCTGTGGTA-3’
Reverse: 5’-CTGTCTGGGAGGATGGATGTC-3’

GAPDH Forward: 5’-CGCTCTCTGCTCCTCCTGTTC-3’
Reverse: 5’-ATCCGTTGACTCCGACCTTCAC-3’

miRNA-140 Forward: 5’-GGGCTACCACAGGGTAGAA-3’
Reverse: 5’-GTGCAGGGTCCGAGGT-3’

ue Forward: 5’-ATGGCTATAAATAGATACACGC-3’
Reverse: 5’-GGTACAAACAGGGAGGGA-3’
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FLJ33360/miRNA-140/MMP9
regulatory loop in affecting the
progression of HCC.

Figure 1. FLJ33360 was highly expressed in HCC. A. Relative levels of

FLJ33360 in HCC tissues and paracancerous tissues. B. Relative levels of

Patients and methods

FLJ33360 in hepatocytes (LO2) and liver cancer cell lines (Hep3B, Huh7,

SMMC-7221, MHCC88H, Bel-7402 and HepG2). C. Transfection efficacies

Patients and HCC samples

of sh-FLU33360#1, sh-FLJ33360#2 and sh-FLJ33360#3 in Bel-7402 and

HepG2 cells.

genes, and over 90% of IncRNAs do not have
measurable peptide products [14, 15]. It is
now recognized that IncRNAs have been pre-
cisely regulated and are more cell-specific than
those of MRNAs [14, 15]. Although the Human
Genome Project and genetic researches have
been advanced, biological functions of Inc-
RNAs are still required to be further explored
[16, 17]. Critical roles of IncRNAs in tumor pro-
gression have been identified. Dysfunctional
IncRNAs serve as oncogenes or tumor-sup-
pressor genes [18, 19]. Previous studies have
uncovered many IncRNAs involving in the
tumorigenesis and tumor progression of HCC
[20, 21]. LncRNA FLJ33360 is confirmed to
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A total of 29 matched HCC tis-

sues and paracancerous tis-
sues were surgically resected. None of enro-
lled patients received preoperative anti-tumor
treatment. Patients and their families in this
study have been fully informed. This study was
approved by Ethics Committee of General
Hospital of Ningxia Medical University. All
patients provided written informed consent.
This study was conducted in accordance with
the Declaration of Helsinki.

Cell culture

Hepatocytes (LO2) and liver cancer cell lines
(Hep3B, Huh7, SMMC-7221, MHCC88H, Bel-
7402 and HepG2) were provided by American
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Figure 2. Knockdown of FLJ33360 inhibited metastatic abilities in HCC. A. Migration and invasion in Bel-7402 and
HepG2 cells transfected with sh-NC or sh-FLJ33360#1 (migration: 20x). B. Percentage of wound closure in Bel-
7402 and HepG2 cells transfected with sh-NC or sh-FLJ33360#1 (migration: 20x). C. The Expression level of MMP9
protein and mRNA transfected with sh-NC or sh-FLJ33360#1.

Type Culture Collection (ATCC) (Manassas, VA,
USA). Cells were cultured in dulbecco’s modi-
fied eagle medium (DMEM) (Gibco, Rockuville,
MD, USA) containing 10% fetal bovine serum
(FBS) (Gibco, Rockville, MD, USA) and main-
tained in a 5% CO, incubator at 37°C. Cell pas-
sage was conducted at 80-90%.

Transfection

Cells were inoculated in a 6-well plate.
Transfection was conducted at 30-40% con-
fluence using Lipofectamine 3000 (Invitrogen,
Carlsbad, CA, USA). Transfected cells for 48 h
were harvested for functional experiments.
Transfection plasmids (sh-NC, sh-FLJ33360#1,
sh-FLJ33360#2, sh-FLJ33360#3, miRNA-140
inhibitor, miRNA-140 mimics and their negative
controls) were constructed by GenePharma
(Shanghai, China).

Transwell assay

Cells were inoculated in a 24-well plate with
5.0x10%/ml. 200 pL of suspension was app-
lied in the upper side of Transwell chamber
(Millipore, Billerica, MA, USA) inserted in a
24-well plate. In the bottom side, 500 yL of
medium containing 10% FBS was applied. After
48 h of incubation, penetrated cells in the bot-
tom side were fixed in methanol for 15 min,
dyed with crystal violet for 20 min and counted
using a microscope. Numbers of penetrating
cells were counted in 5 randomly selected
fields per sample (magnification 20x).
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Wound healing assay

Cells were seeded in a 6-well plate with 5.0x
10° cells/well. An artificial wound was created
in the confluent cell monolayer using a 200 L
pipette tip. Wound closure images were taken
at 0 and 24 h using an inverted microscope,
respectively. Relative distance of wound heal-
ing was calculated.

Quantitative real-time polymerase chain reac-
tion (QRT-PCR)

Cellular RNA was isolated using TRIzol rea-
gent (Invitrogen, Carlsbad, CA, USA). Extracted
RNAs were purified by DNase | treatment, and
reversely transcribed into cDNA using Pri-
mescript RT Reagent (TaKaRa, Otsu, Japan).
The obtained complementary deoxyribose nu-
cleic acid (cDNA) underwent gqRT-PCR using
SYBR®Premix Ex Tag™ (TaKaRa, Otsu, Japan).
Glyceraldheyde 3-phosphate dehydrogenase
(GAPDH) and U6 were used as internal refer-
ences. Each sample was performed in tripli-
cate, and relative level was calculated by 2-4¢t,
Primers used were shown in Table 1.

Western blot

Cellular protein was separated by SDS-PAGE,
transferred to PVDF membrane and blocked in
5% skim milk for 1 hour. The specific primary
antibody (MMP9) was used to incubate with the
membrane overnight at 4°C, followed by sec-
ondary antibody incubation for 2 h at room tem-
perature. After TBST washing for 1 min, the che-
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Figure 3. FLU33360 bound to miRNA-140. A. Relative levels of the five pre-
dicted target miRNAs in cells transfected with sh-NC or sh-FLJ33360#1. B.
MiRNA-140 level in Bel-7402 and HepG2 cells transfected with sh-NC or sh-
FLJ33360#1. C. FLJ33360 level in Bel-7402 and HepG2 cells transfected
with NC inhibitor or miRNA-140 inhibitor. D. Relative levels of miRNA-140 in
HCC tissues and paracancerous tissues. E. A negative correlation between
levels of FLJ33360 and miRNA-140 in HCC tissues. F. Luciferase activity in
Bel-7402 and HepG2 cells co-transfected with NC mimics/miRNA-140 mim-
ics and FLJ33360-WT/FLJ33360-MUT.

MUT were constructed. Ce-
lls were co-transfected with
NC mimics/miRNA-140 mim-
ics and FLJ33360-WT/FLJ-
33360-MUT, respectively. 48
hours later, cells were lysed
for determining relative lucif-
erase activity (Promega, Ma-
dison, WI, USA).

Statistical analysis

GraphPad Prism 5 V5.01 (La
Jolla, CA, USA) was used for
data analyses. Data were
expressed as mean * stan-
dard deviation. Differences
between two groups were
analyzed by the ttest. Sp-
earman correlation test was
performed to assess the rela-
tionship between levels of
miRNA-140 and FLJ33360
in HCC tissues. P<0.05 was
considered as statistically si-
gnificant.

Results

FLJ33360 was highly ex-
pressed in HCC

First of all, FLJ33360 levels in
HCC tissues and cell lines
were determined. Compared
with paracancerous tissues,
FLJ33360 was upregulated
in HCC tissues (Figure 1A).
Similarly, its level remained
higher in liver cancer cells
than that of normal hepato-
cytes (Figure 1B).

Knockdown of FLJ33360
inhibited metastatic abilities
in HCC

miluminescent substrate kit was used for expo- To validate the biological functions of FLJ333-
sure of the protein band. 60 in HCC, three FLJ33360 sh-RNAs were

constructed. Transfection of either sh-FLJ33-
Dual-luciferase reporter gene assay 360#1, sh-FLJ33360#2 or sh-FLJ33360#3

remarkably decreased FLJ33360 level in Bel-
According to the binding sequences, lucife- 7402 and HepG2 cells (Figure 1C). In particu-
rase vectors FLJ33360-WT and FLJ33360- lar, sh-FLJ33360#1 showed the best efficacy
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FLJ33360 bound to miR-
NA-140

Through bioinformatics pre-
diction, totally 5 miRNAs were
identified to bind FLJ33360
(Figure 3A). Among the 5
miRNAs, miRNA-140 was the
most upregulated one after
silence of FLJ33360. In Bel-
7402 and HepG2 cells trans-
fected with sh-FLJ33360#1,
mMiRNA-140 was markedly up-
regulated (Figure 3B). On the
contrary, knockdown of mi-
RNA-140 upregulated FLJ33-
360 level (Figure 3C). In HCC
tissues, miRNA-140 was lowly
expressed than those of pa-
racancerous ones (Figure 3D).
A negative correlation bet-
ween levels of FLJ33360 and
mMiRNA-140 was discovered in
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Figure 4. Knockdown of miRNA-140 promoted metastatic abilities in HCC. A.
Transfection efficacy of miRNA-140 inhibitor in Bel-7402 and HepG2 cells.
B. Migration and invasion in Bel-7402 and HepG2 cells transfected with NC

HCC tissues (Figure 3E). To
validate the interaction be-
tween FLJ33360 and miRNA-
140, dual-luciferase reporter
gene assay was conducted.
Declined luciferase activity
after co-transfection of FLJ-

o 33360-WT and mMiRNA-140

mimics verified the binding
relationship between FLJ33-
360 and miRNA-140 (Figure
3F).

inhibitor or miRNA-140 inhibitor (migration: 20x). C. Percentage of wound

closure in Bel-7402 and HepG2 cells transfected with NC inhibitor or miR-

NA-140 inhibitor (migration: 20x).

among the three shRNAs and it was chosen for
the following functional experiments.

Transwell assay showed that numbers of mi-
gratory and invasive cells were reduced in Bel-
7402 and HepG2 cells transfected with sh-
FLJ33360#1 than those transfected with
sh-NC (Figure 2A). In addition, wound closure
assay revealed decreased percentage of wo-
und closure after knockdown of FLJ33360,
indicating the suppressed migratory ability
(Figure 2B). Furthermore, qRT-PCR and We-
stern Blotting showed that sh-FLJ33360 could
significantly decreased the expression level of
MMP9, compared with sh-NC (Figure 2C).
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Knockdown of miRNA-140
promoted metastatic abilities
in HCC

Next, we focused on the biological functions of
MiRNA-140 in HCC. MiRNA-140 inhibitor was
verified to effectively downregulate miRNA-140
level in Bel-7402 and HepG2 cells (Figure 4A).
Knockdown of miRNA-140 greatly elevated
numbers of migratory and invasive HCC cells
(Figure 4B). Increased percentage of wound
closure in HCC cells transfected with miRNA-
140 inhibitor suggested the accelerated migra-
tory ability (Figure 4C).

MIiRNA-140 was involved in FLJ33360-
regulated HCC progression

Based on the above findings, it is speculated
that miRNA-140 was involved in FLJ33360-

Am J Transl Res 2020;12(2):583-591
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Figure 5. MiRNA-140 was involved in FLJ33360-regulated HCC progression. A. FLJ33360 level in Bel-7402 and HepG2
cells transfected with sh-NC+NC inhibitor, sh-FLJ33360#1+NC inhibitor or sh-FLJ33360#1+miRNA-140 inhibitor.
B. Migration and invasion in Bel-7402 and HepG2 cells transfected with sh-NC+NC inhibitor, sh-FLJ33360#1+NC
inhibitor or sh-FLJ33360#1+miRNA-140 inhibitor (migration: 20x%). C. Percentage of wound closure in Bel-7402
and HepG2 cells transfected with sh-NC+NC inhibitor, sh-FLJ33360#1+NC inhibitor or sh-FLU33360#1+miRNA-140

inhibitor (migration: 20x).

regulated progression of HCC. Downregulated
FLJ33360 in Bel-7402 and HepG2 cells trans-
fected with sh-FLJ33360#1 was upregulated
after co-transfection of miRNA-140 inhibitor
(Figure 5A). Notably, decreased numbers of
migratory and invasive cells in HCC cells with
FLJ33360 knockdown were partially reversed
by knockdown of miRNA-140 (Figure 5B). A
similar trend was also observed in wound clo-
sure assay (Figure 5C). Therefore, it is believed
that miRNA-140 was responsible for FLJ33360-
regulated HCC progression.

Discussion

Primary liver cancer is the most common ma-
lignancy, and over 90% belongs to HCC.
Recurrence of HCC is extremely high, with the
postoperative 5-year recurrence up to 50%
[1-4]. Mechanisms underlying the recurrence
of HCC are urgently required to be investigated
[5, 6]. Recently, crucial functions of IncRNAs
in affecting tumor cell phenotypes have been
discovered [7-9]. Serving as novel tumor hall-
marks and therapeutic targets, InCRNAs are
potential molecules in the diagnosis and thera-
py of tumor [10, 11]. Previous studies have
demonstrated some abnormally expressed
IncRNAs in gliomas, bladder cancer, etc., which
accelerate the malignant progression of the
disease [9-11].

Whole genome technology and transcriptome
technology have confirmed that over 90% of
genomic sequences are transcribed into non-
coding RNAs [12-14]. As a type of non-coding
RNAs, miRNAs are extensively involved in tu-
mor cell behaviors [23-25]. Besides, IncRNAs
are functional regulators in organisms [12-15].
Through mediating epigenics, transcription and
post-transcription, IncRNAs are capable of reg-
ulating downstream genes [16, 17].

A previous study has proved that the upregu-
lated FLJ33360 is closely linked to poor prog-
nosis in ovarian cancer through absorbing miR-
30b-3p [26]. In this paper, FLJ33360 was
upregulated in HCC tissues and cell lines.
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Functional experiments confirmed that knock-
down of FLJ33360 attenuated metastatic
abilities in Bel-7402 and HepG2 cells. In addi-
tion, qRT-PCR and Western Blotting showed
that knockdown of FLJ33360 significantly
decreased the expression level of MMPO.
Thus, it is concluded that FLJ33360 was an
oncogene participating in HCC progression.

Researches and explorations on IncRNAs are
new attempts following the protein-coding
genes and miRNAs, which are important mo-
lecular hallmarks applying for diagnosis and
treatment of diseases [13]. Differential ex-
pressions of IncRNAs in tumors are correlated
to the disease progression and metastasis
[16-18]. These certain IncRNAs could be la-
rgely utilized for analyzing tumor metastasis
[19, 20]. Our findings uncovered the intera-
ction between FLJ33360 and miRNA-140.
MiRNA-140 was downregulated in HCC tis-
sues. Moreover, knockdown of miRNA-140
could stimulate metastatic ability in HCC.
Rescue experiments finally demonstrated that
mMiRNA-140 was responsible for the progres-
sion of HCC regulated by FLJ33360.

Conclusions

LncRNA FLJ33360 is upregulated in HCC. It
accelerates the metastasis of HCC through tar-
geting miRNA-140/MMP9 axis.
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