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Liver cancer is now one of the most lethal and commonest cancers in the world, among
which over 90% is hepatocellular carcinoma (HCC). Recent studies have confirmed long
non-coding RNAs (lncRNAs) are implicated in carcinogenesis. It has been reported lncRNA
LINC00668 serves as an oncogene in several cancers. However, the mechanism where
LINC00668 regulates HCC is still unclear. qRT-PCR analysis was adopted to detect the ex-
pression of relative RNAs. Cytoplasmic and nuclear RNA fraction analysis was conducted
to verify the underlying molecular mechanism. Cell colony formation was carried out to test
cell colony formation ability and transwell assays were performed to testify cell migratory
and invaded abilities. Relevant protein expression level was measured by Western blot as-
say. LINC00668 was significantly up-regulated in HCC tissues and cell lines. LINC00668
knockdown inhibited cell proliferative, migratory and invasion abilities and slowed down
the epithelial–mesenchymal transition (EMT) process. Mechanistically, LINC00668 positively
modulates the expression of YY1 by competitively binding to miR-532-5p. It was revealed
that LINC00668 up-regulation accelerated cell proliferation and motility in HCC and sug-
gested LINC00668 could be a potential therapeutic target for HCC.

Introduction
Hepatocellular carcinoma (HCC), the most prevalent subtype of liver cancer, with a steadily rising inci-
dence, remains the fifth most common cancer worldwide [1,2]. Various therapeutic strategies have been
tried for different stages of HCC patients, yet the prognosis outcomes donot seem optimistic [3]. Thus an
efficient method for treatment of HCC is urgent.

Only 2% of human genome is protein-coding genes while 98% is non-coding genes [4], among which,
those with at least 200 nucleotides in length are defined as long non-coding RNAs (lncRNAs) [5]. In-
creasing evidence has proved lncRNAs play a rather crucial role in pathophysiological process including
tumorigenesis [6–10]. LncRNAs regulate biological behaviors including cell proliferation, cell apoptosis,
cell metastasis etc., during tumorigenesis [11–13]. For instance, lncRNA NORAD promoted cell prolifer-
ation by competitively binding with miR-155-5p [14]. LINC00339 accelerated cell metastasis in pancre-
atic cancer by sponging miR-497-5p and modulating IGF1R [15]. FOXO1 suppressed cell metastasis by
down-regulating AKT and inhibited lung cancer [16]. Hence, targeting lncRNAs could be considered as
another approach to prevent and treat HCC [17–20]. According to previous study, it has been proved that
LINC00668 is an oncogene in several cancers such as non-small-cell lung cancer [21] and gastric cancer
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[22]. Furthermore, LINC00668 was found prominently elevated in tumor tissue samples and cancerous cell lines.
However, the functions and mechanisms of LINC00668 with respect to HCC remain unexplored. Thus LINC00668
was determined to be the lncRNA candidate.

Notably, ceRNA mechanism is prevalent recently [23]. For example, LINC00668 aggravated non-small lung cancer
by targeting miR-193a/KLF7 axis [24]. However, whether LINC00668 modulates HCC through ceRNA mechanism
remains to be explored. The present study is aimed to discover how LINC00668 affects biological effects of HCC
and whether LINC00668 binds with miRNA to modulate downstream mRNA, providing a potential biomarker and
therapeutic target for prevention and treatment of HCC.

Materials and methods
Human tissue samples
A total of 40 diagnostic hepatocellular cancer patients who previously received treatment from May 2013 to May
2018 joined this experiment. The informed consents had been signed by all the patients. The present study has been
approved by the Ethics Committee of the Second Affiliated Hospital of Jilin University. Samples were hepatocellular
cancer tissues and adjacent non-tumor tissues and were frozen in liquid nitrogen at −80◦C. None of the patients
enrolling in the research underwent chemo- or radiation therapy.

Cell culture
HCC cells (HepG2, SNU-387, MHCC-97H, Huh-7) and human normal liver cell (THLE-3) were purchased from
Shanghai Institute of Cell Biology (Shanghai, China) and cultured continuously in RPMI-1640 (Thermo Fisher Sci-
entific, Waltham, MA, U.S.A.) containing 10% fetal bovine serum (FBS; Thermo Fisher Scientific), 100 μg/ml strep-
tomycin and 100 U/ml penicillin (Thermo Fisher Scientific). Cells were maintained under standard conditions (37◦C,
5% CO2).

Cell transfection
HepG2 or SNU-387 cells were seeded into six-well plates and cultured for 24 h. Short hairpin RNAs (shRNAs)
against LINC00668 (sh-LINC00668#1/2/3) or YY1 (sh-YY1) and their negative controls (shNCs) were acquired
from Genechem (Shanghai, China). The LINC00668 or YY1 overexpression plasmid (pcDNA3.1/LINC00668 or
pcDNA3.1/YY1) and the empty pcDNA3.1 were constructed by KeygenBiotech Co. Ltd (Nanjing, China). The
miR-532-5p mimics, miR-532-5p inhibitors and miR-NCs were purchased from GenePharma (Shanghai, China).
Finally, the transfection process lasted 48 h using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, U.S.A.) and cells
were collected.

qRT-PCR analysis
RNeasy Mini Kit (Qiagen, Valencia, CA, U.S.A.) was applied as per the suggestions for isolating total RNA which
was reverse transcribed to cDNA by a Reverse Transcription Kit (Invitrogen). qRT-PCR was carried out under an
ABI Prism7500 fast real-time PCR system (Applied Biosystems, Foster City, CA, U.S.A.) via mixing a QuantiTect
SYBR Green PCR Kit (Qiagen). Relative RNA expression was analyzed with 2−��Ct approach with normalization to
GAPDH or U6 RNA.

Colony formation assay
Transfected HepG2 or SNU-387 cells were inoculated into six-well culture plates to culture for approximately 2 weeks.
Colonies were generated and fixed for 15 min in 4% paraformaldehyde (PFA; Sigma–Aldrich, St. Louis, MO, U.S.A.),
staining for 15 min in 0.1% Crystal Violet (Sigma–Aldrich). Colonies were imaged and analyzed afterwards.

Subcellular fractionation
For the purpose of isolating the nuclear and cytoplasmic fractions, a Nuclear/Cytosol Fractionation Kit (Biovision,
San Francisco Bay, CA, U.S.A.) was adopted. Expression patterns of LINC00668, U6 and GAPDH in nuclear and
cytoplasm fractions were assayed respectively with qRT-PCR.

Western blot
RIPA lysis buffer (Beyotime, Shanghai, China) was applied to extract complete protein based on the specification
of the manufacturer. Equal amounts of proteins were subjected to SDS/PAGE (Bio-Rad, Hercules, CA, U.S.A.) and
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then transferred to a polyvinylidene fluoride (PVDF) (Sigma–Aldrich). Then, PVDF was sealed with skin milk. The
membrane was cultured with primary antibodies at 4◦C overnight and antibodies were as follows: anti-E-cadherin
(ab194982, Abcam, Cambridge, U.S.A.), anti-N-cadherin (ab202030, Abcam), anti-Vimentin (ab193555, Abcam),
anti-YY1 (ab109237, Abcam) and anti-GAPDH (ab8245, Abcam). The proteins were visualized via Chemilumines-
cence detection system (GE Healthcare, Chicago, IL, U.S.A.). Besides, GAPDH was seen as a loading control.

Transwell assay
Transfected HepG2 or SUN-387 cells (2 × 104) in every group were resuspended in serum-free medium and seeded
into the top chamber of each transwell, the lower chamber was filled with 10% FBS. Invasion assay was pre-coated
with Matrigel (BD Biosciences, Franklin Lakes, NJ, U.S.A.) and migration assay was not. After scheduled time, cells
were fixed using methanol (Serang Biotechnology, Chengdu, China) and dyed using Crystal Violet (Amresco, Solon,
OH, U.S.A.). Five randomly selected fields under 200× microscope (Olympus Corp, Tokyo, Japan) were employed
for calculating the number of cells.

Luciferase reporter assays
LINC00668-WT/Mut or YY1-WT/Mut was inserted into pmirGLO dual-luciferase vector (Promega, Madi-
son, WI, U.S.A.) to construct pmirGLO-LINC00668-WT/Mut or pmirGLO-YY1-WT/Mut. Sequentially,
pmirGLO-LINC00668-WT/Mut was co-transfected into HepG2 or SNU-387 cells with miR-532-5p mimics
or miR-NC. Meanwhile, miR-532-5p mimics or miR-532-5p mimics+pcDNA3.1/LINC00668 or miR-NC and
pmirGLO-YY1-WT/Mut were co-transfected into HepG2 or SNU-387 cells. Upon above procedures, luciferase
signals were subjected to Dual Luciferase Reporter Assay System (Promega) as per its instructions.

RNA immunoprecipitation assay
HepG2 or SNU-387 cells were lysed in RNA immunoprecipitation (RIP) lysis buffer (Millipore, Billerica, MA,
U.S.A.). After that, cell extract was cultured with RIP buffer added with magnetic beads (Invitrogen) conjugated
with anti-Ago2 (Millipore) and anti-IgG (Millipore). The sample was incubated with protease K, then shaken and
digested. Immunoprecipitated RNA was isolated. LINC00668, miR-532-5p and YY1 were determined via qRT-PCR.

RNA pull-down assay
Bio-miR-532-5p and non-bio were synthesized by Thermo Fisher Scientific. The biotinylated micRNA was incu-
bated overnight with cell lysates (Millipore), followed by adding streptaviden magnetic beads (Invitrogen). Finally,
qRT-PCR was used to detect expression levels.

In vivo tumorigenesis assay
Male nude mice at the age of 6 weeks were maintained in micro-isolator cages. Mice were purchased from SIPPR-BK
Laboratory Animal Co. Ltd. (Shanghai, China). After approved by Ethics committee of the Second Affiliated Hospital
of Jilin University, all animal work taken place in specific-pathogen free (SPF) laboratory on the basis of institutional
guidelines authorized by the Use Committee for Animal Care. After being resuspended in PBS (Sigma–Aldrich) with
Matrigel, 5 × 106 of cells was subcutaneously inoculated into each mouse. Every 4 days, the tumors were observed.
The tumors volume was calculated based on the formula: length × width2/2. Tumors weight was detected after mice
were sacrificed through cervical dislocation at the end of 4 weeks. Then, tumor tissue was extracted, followed by
further PCNA or Ki67 staining.

Statistical analysis
All experiments mentioned above were required to conduct three times independently. Statistics were analyzed using
GraphPad Prism 7.0 (GraphPad Software, La Jolla, CA, U.S.A.), and shown as mean values +− standard deviation (SD).
Student’s t test or one-way analysis of variance (ANOVA) was employed to analyze the difference. P-value less than
0.05 indicated statistical significance.
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Results
LINC00668 was prominently up-regulated in HCC and knockdown of
LINC00668 attenuated cell proliferation, migratory and invaded abilities
and epithelial–mesenchymal transition process in vitro
To determine the expression pattern of LINC00668, we selected 40 paired tumor and adjacent normal tissue speci-
mens. After qRT-PCR analysis, we verified that LINC00668 did present a prominent up-regulation in HCC tumor
tissues (Figure 1A). Then qRT-PCR analysis also proved tumor tissues at advanced stages of HCC demonstrated a sig-
nificantly higher expression of LINC00668 than those at early stages of HCC (Figure 1B). Furthermore, LINC00668
expression was found strikingly elevated in carcinoma cell lines (HepG2, SNU-387, MHCC-97H, Huh7) compared
with normal liver cell line THLE-3 (Figure 1C). Therefore, we may conjecture LINC00668 plays a crucial role in HCC
and might function as an oncogene in HCC progression.

For further study, we determined to examine cell biological effects after knockdown of LINC00668. Presenting
prominent expression of LINC00668, HepG2 and SNU-387 were chosen as our basic research object. Next, HepG2
and SNU-387 cells were transfected with sh-LINC00668 and sh-negative control (sh-NC). LINC00668 from group
sh-LINC00668#1 and sh-LINC00668#2 were confirmed to be more efficiently knocked down than sh-LINC00668#3
after qRT-PCR analysis (Figure 1D). Consistently, we examined cell colony numbers and detected attenuation of
cell colony formation ability, indicating knockdown of LINC00668 efficiently suppressed proliferative ability (Figure
1E and Supplementary Figure S1). Next, transwell assays were conducted to test cell migratory and invaded abili-
ties. According to results, migrated and invaded cell numbers significantly went down after LINC00668 depletion,
suggesting impairment in cell motility ability (Figure 1F,G). Furthermore, Western blot assay was conducted to test
epithelial–mesenchymal transition (EMT) process. The results presented that E-cadherin increased while N-cadherin
and Vimentin decreased after knockdown of LINC00668, which suggested LINC00668 knockdown inhibited cell
EMT process (Figure 1H). In a word, LINC00668 was up-regulated in HCC and LINC00668 silence retarded the
process of HCC.

LINC00668 serves as a molecular sponge for miR-532-5p in HCC cells
ceRNA mechanism, prevalent recently, refers to lncRNA competes with mRNA to bind with miRNA. More and more
studies tend to explore the ceRNA mechanism in various cancers and make contribution to theoretical support for
clinical treatment. Besides, as sh-LINC00668#1 presented higher inhibition efficiency in functional assays (Figure
1), we employed cells transfected with sh-LINC00668#1 (named as sh-LINC00668 subsequently) to continue the
following studies.

In our study, first we examined location of LINC00668. Using cytoplasmic and nuclear RNA fraction technol-
ogy, it was testified LINC00668 was predominantly distributed in cytoplasm (Figure 2A), indicating a possibility
of ceRNA mechanism. Then by retrieving StarBase V2.0 (http://starbase.sysu.edu.cn/), four microRNAs that could
bind with LINC00668 were selected (Figure 2B). Among which, qRT-PCR examination detected miR-532-5p ex-
pression conspicuously rose after knockdown of LINC00668 in comparison with other three microRNA candidates
(Figure 2C). Furthermore, we testified miR-532-5p expression respectively in normal liver cell line THLE-3 and four
cancerous cell lines (HepG2, SNU-387, MHCC-97H, Huh7), finding miR-532-5p was up-regulated prominently in
THLE-3 compared within cancerous cell lines (Figure 2D). Also, qRT-PCR examination detected elevated expres-
sion of miR-532-5p in peritumoral tissues than in tumor tissues (Figure 2E). Taken that, we may conclude that
miR-532-5p is a tumor-suppressing gene. RIP technology was carried out next and data manifested that LINC00668
and miR-532-5pwere enriched in Ago2 antibody, further confirming the ceRNA mechanism (Figure 2F). Further-
more, we performed luciferase reporter assay. StarBase V2.0 have given a predicted binding sites between LINC00668
and miR-532-5p (Figure 2G), based on which, we mutated the binding sites of LINC00668 and respectively con-
structed them on luciferase reporter gene vector. Data revealed that miR-532-5p up-regulation made a decline in
luciferase activity of pmirGLO-LINC00668-WT but failed to affect luciferase activity of pmirGLO-LINC00668-Mut
(Figure 2H). To sum up, LINC00668 could bind to miR-532-5p in HCC cells.

LINC00668 exerts positive influence on YY1 by sponging miR-532-5p
By means of StarBase, we screened qualified mRNA by designating relevant data (clade: mammal; genome: human; as-
sembly: hg19; miRNA: miR-532-5p; CLIP data: medium stringency; degradome data: medium stringency; pan-cancer
≥ 6; program number: 3; predicted program: microT, miRmap, TargetScan). mRNA YY1 and IRS2 were selected after
screening (Figure 3A). After knockdown of LINC00668 and overexpression of miR-532-5p in HepG2 and SNU-387,
YY1 was observed with an obvious rise compared with normal control while no overt change could be seen in IRS2
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Figure 1. LINC00668 was prominently up-regulated in HCC and knockdown of LINC00668 attenuated cell proliferation,

migratory and invaded abilities and EMT process in vitro

(A,B) qRT- PCR analysis was performed to detect the LINC00668 expression level in HCC tissues the adjacent non-tumor tis-

sues and different stages of HCC. (C) The expression of LINC00668 in normal liver cell line THLE-3 and HCC cell lines (HepG2,

SNU-387, MHCC-97H, Huh7) was examined by qRT-PCR analysis. (D) The efficiency of LINC00668 knockdown was verified by

qRT-PCR analysis. (E) Cell colony formation assay was conducted to detect cell proliferation ability after knockdown of LINC00668.

(F,G) Transwell assays were performed to examine cell migration and invasion after knockdown of LINC00668. (H) EMT process

changing was detected by Western blot assay after down-regulated LINC00668. *P<0.05, **P<0.01. Abbreviation: EMT, epithe-

lial–mesenchymal transition.
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Figure 2. LINC00668 serves as a molecular sponge for miR-532-5p in HCC cells

(A) Cytoplasmic and nuclear RNA fraction of HCC cells was carried out. (B) Screening of matched miR-532-5p from StarBase was

presented. (C) qRT-PCR analysis presented the relative expression of the four screened microRNAs. (D,E) MiR-532-5p expression

was tested by qRT-PCR analysis in normal liver cell line and cancerous cell lines/peritumoral tissues and tumor tissues. (F) RIP

assay were conducted to see the expression and binding situation of LINC00668 and miR-532-5p. (G) The predicted binding sites

between LINC00668-WT and miR-532-5p and the mutant sequence of LINC00668 were demonstrated. (H) Luciferase reporter

assay were conducted to see the expression and binding situation of LINC00668 and miR-532-5p. *P<0.05, **P<0.01.

expression, determining YY1 to be the downstream target gene of miR-532-5p (Figure 3B,C). Furthermore, YY1
expression was prominently elevated in cancerous cell lines and tumor tissues than in normal cell line and peri-
tumoral tissues by qRT-PCR analysis (Figure 3D,E). Then, we analyzed the relationship among LINC00668, YY1
and miR-532-5p. RIP assay was carried out next and enrichment level of RNAs was examined by qRT-PCR analy-
sis. Based on the results of RIP assay, we found LINC00668, miR-532-5p and YY1 were enriched in Ago2 groups
but rare in IgG groups, verifying LINC00668, YY1 and miR-532-5p coexisted in RNA-induced silencing complexes
(RISCs) (Figure 3F). Furthermore, RNA pull-down assay was conducted to evaluate the binding situation among
LINC00668, miR-532-5p and YY1. According to the results, LINC00668 and YY1 expression was detected, confirm-
ing LINC00668 and YY1 were pulled down by biotinylated miR-532-5p (Figure 3G). By means of StarBase V2.0,
we found predicted binding sites between YY1 and miR-532-5p and we created a mutant type of YY1 to verify the
veracity of binding sites (Figure 3H). Next, luciferase reporter assay was conducted to further confirm the relation-
ship among three objects. The results demonstrated cotransfection of the luciferase reporter plasmids containing
YY1-WT and miR-532-5p mimics into HepG2 and SNU-387 cells led to decrease in luciferase activity, after transfec-
tion of pcDNA3.1/LINC00668, the luciferase activity recovered to some extent, while up-regulation of miR-532-3p
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Figure 3. LINC00668 exerts positive influence on YY1 by sponging miR-532-5p

(A) Qualified mRNA candidates were selected. (B,C) mRNA candidates’ expression were examined by qRT-PCR analysis after

knockdown of LINC00668 and overexpression of miR-532-5p. (D,E) qRT-PCR analysis presented the YY1 expression in normal

liver cell line/cancerous cell lines and peritumoral tissues and tumorous tissues. (F–I) RIP assay, pull-down assay and luciferase

reporter assay were performed to verify the relationship among LINC00668, miR-532-5p and YY1. (H) The predicted binding sites

between YY1-WT and miR-532-5p and the mutant sequence of YY1 were demonstrated. (J) The expression of YY1 and according

protein level in HepG2 and SNU-387 cells after intervene of LINC00668, miR-532-5p and YY1 were detected by qRT-PCR. (K) The

YY1 protein level was detected by Western blot. *P<0.05, **P<0.01, ***P<0.001.
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Figure 4. LINC00668 accelerates cell proliferation, migratory and invasion abilities and EMT process by targeting

miR-532-5p/YY1 axis

(A) Cell proliferation ability was examined by cell colony formation assay after intervene of LINC00668, miR-532-5p and YY1. (B,C)

Transwell assays were performed to detect cell migration and invasion ability after intervention of LINC00668, miR-532-5p and YY1.

(D) EMT process was detected using Western blot assay after intervene of LINC00668, miR-532-5p and YY1. *P<0.05, **P<0.01,

***P<0.001.

and overexpression of LINC00668 had no effects on the luciferase activity of plasmids contained YY1-Mut (Figure
3I). In addition, we testified the expression of YY1 after LINC00668 intervened, miR-532-5p and YY1, finding a nega-
tive regulation relationship between YY1and miR-532-5p and a positive regulation relationship between LINC00668
and YY1 (Figure 3J). The following YY1 protein level test disclosed an according change with YY1 mRNA expression
(Figure 3K). In summary, LINC00668 exerted positive effects on YY1 via sponging miR-532-5p.

LINC00668 accelerates cell proliferation, migratory and invasion abilities
and EMT process by targeting miR-532-5p/YY1 axis
To further confirm whether LINC00668 promotes HCC by targeting miR-532-5p/YY1 axis and accordingly modu-
lates biological behaviors, we have carried out a series of function rescue experiments. First, cell colony formation
assay was conducted. Cell colony formation ability decreased after sh-LINC00668 plasmids were transfected into
SNU-387 cell, while this falling trend was recovered after down-regulation of miR-532-5p but then decreased again
after knockdown of YY1 (Figure 4A). In addition, transwell assays were performed and cell migration along with in-
vasion decreased after knockdown of LINC00668, restored after depletion of miR-532-5p while lessened again after
YY1 silence (Figure 4B,C). Furthermore, EMT process was slowed down due to knockdown of LINC00668, whereas
such phenomenon was rescued when miR-532-5p was down-regulated and diminished again caused by knockdown
of YY1 (Figure 4D). Collectively, above results indicate LINC00668 accelerated cell proliferation, migration and in-
vasion by sponging miR-532-5p and modulating YY1.

The effects imposed via LINC00668 silence on tumor growth in vivo could
be reversed by YYI up-regulation
Afterward, to validate LINC00668 promoted tumor growth through modulating YY1 expression further, we con-
ducted in vivo experiments. We classified all nude mice into three groups and separately injected the cells transfected
with sh-NC, sh-LINC00668 and sh-LINC00668+pcDNA3.1/YY1. The volume was measured every 4 days. At the end
of 28th day, all mice were killed and took out the tumors. They were shown in Figure 5A. According to the volume
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Figure 5. The effects imposed via LINC00668 silence on tumor growth in vivo could be reversed by YYI up-regulation

(A) Pictures of tumors in sh-NC, sh-LINC00668 and sh-LINC00668+pcDNA3.1/YY1 group. (B) Tumor growth curve in different

groups. (C) Tumor weight in different groups. (D) IHC examined Ki67, PCHA, E-cadherin and N-cadherin in different groups. *P<0.05,

**P<0.01.

growth curve in Figure 5B, LINC00668 knockdown overtly suppressed the growth of tumor. Meantime, up-regulation
of YY1 restored the impacts of LINC00668 silencing. Additionally, the same results could be discovered in tumor
weight (Figure 5C). The outcomes of IHC revealed that up-regulation of YY1 reversed the effects of down-regulated
LINC00668 on the expression E-cadherin, N-cadherin, Ki67 and PCNA as well (Figure 5D). Altogether, LINC00668
silence could be reversed by overexpression of YYI in vivo experiments.

Discussion
More and more cancer-related lncRNAs have been identified recently. Many lncRNAs were proved to have effects
on HCC progression, among which, LINC00668 was found to serve as an oncogene in several cancers such as col-
orectal cancer [25] and lung adenocarcinoma [26]. LncRNA LINC00668 was reported to accelerate progression of
breast cancer [27]. Besides, it pointed that LINC00668 suppressed apoptosis rate and facilitated cell cycle in breast
cancer. These findings revealed that LINC00668 was an oncogene in breast cancer. However, relevant research on
functions and mechanisms by which LINC00668 modulates HCC has not been carried out. In our study, first, we de-
tected LINC00668 expression respectively in non-tumor tissues and tumor tissues and different stages of HCC. The
results indicate that LINC00668 was prominently elevated in tumor tissues and advanced stage of HCC. Besides, here
we discovered high expression of LINC00668 was in HCC cell lines compared with normal. However, LINC00668
expression in different HCC cell lines were inequitable, and this might be attributed to the malignancies of these cell
lines since SNU-387 cells were from primary hepatic carcinoma), MHCC-97H cells were from high metastatic liver
cancer, HepG2 cells were extracted from liver cancer tissue in a 15-year-old white teenage and Huh7 cells were highly
differentiated HCC cells which has low malignancy. Though MHCC-97H from highly metastatic tumors should be
more malignant, LINC00668 expression in this cell line was not particularly high, which may be caused by tumor
heterogeneity to some extent. Furthermore, knockdown of LINC00668 suppressed cell proliferation, migration along
with invasion and EMT process, suggesting an oncogenic role of LINC00668 and the expression of LINC00668 is
positively associated with advanced TNM stage in HCC.
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Increasing evidence suggests lncRNA is a natural miRNA sponge and regulates biological functions. For example,
lncRNA 00707 promotes colorectal cancer by binding with miR-206 [28]. SNHG6 aggravates HCC by competitively
binding to miR-139-5p [29]. To explore the underlying molecular mechanism LINC00668 applied for, we conducted
cytoplasmic and nuclear RNA fraction analysis and found LINC00668 was mostly distributed in cytoplasmic RNA,
which indicated the possibility of ceRNA mechanism. Then, by screening from StarBase V2.0, we discovered several
miRNAs that share binding sites with LINC00668. After knockdown of LINC00668, miR-532-5p expression was
prominently elevated compared with the other three miRNAs. Furthermore, miR-532-5p expression is also found
up-regulated in tumor adjacent normal tissues and normal liver cell line than in tumor tissues and cancerous cell
lines. According to previous study, miR-532-5p was as well verified to serve as tumor suppressor in epithelial ovarian
cancer [30]. In the recent study, miR-532-5p was discovered to have inhibitory function in glioma cells via targeting
CSF1 [31]. Based on this finding and the expression of miR-532-5p in HCC tissues and cells, we inferred miR-532-5p
was a tumor suppressor in HCC as well. After verification of RIP assay and luciferase reporter assay, we confirmed
miR-532-5p to be the downstream RNA of LINC00668.

Also, we identified mRNA YY1 using StarBase V2.0 as the target of miR-532-5p. It has been reported that YY1
functions as an oncogene in triple negative breast cancer [32]. Thus we may conjecture YY1 as an oncogene in HCC.
Lately, YY1 was found as a novel target for diabetic nephropathy orchestrated renal fibrosis [33], suggesting decreasing
YY1 expression was beneficial for diabetic nephropathy treatment, which offered us insight for diminish YY1 expres-
sion in HCC cells. Furthermore, according to the results, the expression of YY1 in tumor tissues was up-regulated
significantly than that in non-tumor tissues. A positive correlation between LINC00668 and YY1 and a negative cor-
relation between miR-532-5p and YY1 was observed in HCC tissues. Furthermore, knockdown of YY1 reversed the
function of miR-532-5p and recovered cell proliferation, migratory and invasion capacities. More importantly, we
used mice experiments to certify LINC00668 silencing could hamper the growth of HCC and up-regulation of YY1
could countervail the influence induced by LINC00668 knockdown.

Therefore, we may conclude that LINC00668 sponges miR-532-5p to modulate YY1 expression in HCC. In other
words, LINC00668 promotes HCC tumorigenesis by binding with miR-532-5p thus modulating YY1. Taken that,
LINC00668- miR-532-5p - YY1 mechanism might hopefully provide some theoretic basis for HCC diagnosis and
treatment.

Competing Interests
The authors declare that there are no competing interests associated with the manuscript.

Funding
The authors declare that there are no sources of funding to be acknowledged.

Author Contribution
Guangqiang You drafted and wrote this article. Chen Zhou and Wei Xuan conducted all experiments. All authors analyzed experi-
mental data and performed their constructive contributions in this study.

Ethics Approval
The informed consents had been signed by all the patients. The present study has been approved by the Ethics Committee of the
Second Affiliated Hospital of Jilin University.

Acknowledgements
All supports from participants in this research were undeniable.

Abbreviations
Ago2 , argonaute 2; cDNA , complementary DNA; ceRNA , competing endogenous RNA; GAPDH , glyceraldehyde-3-phosphate
dehydrogenase; HCC, hepatocellular carcinoma; IgG , immunoglobulin G; IRS2 , insulin receptor substrate 2; Ki67 , proliferation
marker protein Ki-67; LINC00668, long intergenic non-coding RNA No. 668; miRNA , microRNA; NC , negative control; NORAD
, non-coding RNA activated by DNA damage; PCNA , proliferating cell nuclear antigen; qRT-PCR , quantitative real time poly-
merase chain reaction; RPMI-1640, Roswell Park Memorial Institute No. 1640; SNHG6 , small nucleolar RNA host gene 6; TNM ,
tumor node metastasis; YY1 , Yin Yang-1.

10 © 2020 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons
Attribution License 4.0 (CC BY).



Bioscience Reports (2020) 40 BSR20192697
https://doi.org/10.1042/BSR20192697

References
1 Lin, P., Wen, D.Y., Li, Q., He, Y., Yang, H. and Chen, G. (2018) Genome-wide analysis of prognostic lncRNAs, miRNAs, and mRNAs forming a competing

endogenous RNA network in hepatocellular carcinoma. Cell. Physiol. Biochem. 48, 1953–1967, https://doi.org/10.1159/000492519
2 Scheau, C., Badarau, I.A., Caruntu, C., Mihai, G.L., Didilescu, A.C., Constantin, C. et al. (2019) Capsaicin: effects on the pathogenesis of hepatocellular

carcinoma. Molecules 24, 2350, https://doi.org/10.3390/molecules24132350
3 Akada, K., Koyama, N., Taniguchi, S., Miura, Y. and Aoshima, K. (2019) Database analysis of patients with hepatocellular carcinoma and treatment flow

in early and advanced stages. Pharmacol. Res. Pers. 7, e00486
4 Yan, X., Hu, Z., Feng, Y., Hu, X., Yuan, J., Zhao, S.D. et al. (2015) Comprehensive genomic characterization of long non-coding RNAs across human

cancers. Cancer Cell 28, 529–540, https://doi.org/10.1016/j.ccell.2015.09.006
5 Bach, D.H. and Lee, S.K. (2018) Long noncoding RNAs in cancer cells. Cancer Lett. 419, 152–166, https://doi.org/10.1016/j.canlet.2018.01.053
6 St Laurent, G., Wahlestedt, C. and Kapranov, P. (2015) The landscape of long noncoding RNA classification. Trends Genet. 31, 239–251,

https://doi.org/10.1016/j.tig.2015.03.007
7 Calin, G.A., Liu, C.G., Ferracin, M., Hyslop, T., Spizzo, R., Sevignani, C. et al. (2007) Ultraconserved regions encoding ncRNAs are altered in human

leukemias and carcinomas. Cancer Cell 12, 215–229, https://doi.org/10.1016/j.ccr.2007.07.027
8 Ouyang, J., Zhu, X., Chen, Y., Wei, H., Chen, Q., Chi, X. et al. (2014) NRAV, a long noncoding RNA, modulates antiviral responses through suppression of

interferon-stimulated gene transcription. Cell Host Microbe 16, 616–626
9 Li, Y., Li, W., Liang, B., Li, L., Wang, L., Huang, H. et al. (2016) Identification of cancer risk lncRNAs and cancer risk pathways regulated by cancer risk

lncRNAs based on genome sequencing data in human cancers. Sci. Rep. 6, 39294, https://doi.org/10.1038/srep39294
10 Prensner, J.R. and Chinnaiyan, A.M. (2011) The emergence of lncRNAs in cancer biology. Cancer Discov. 1, 391–407,

https://doi.org/10.1158/2159-8290.CD-11-0209
11 Liu, Y., Zhang, Y.M., Ma, F.B., Pan, S.R. and Liu, B.Z. (2019) Long noncoding RNA HOXA11-AS promotes gastric cancer cell proliferation and invasion via

SRSF1 and functions as a biomarker in gastric cancer. World J. Gastroenterol. 25, 2763–2775, https://doi.org/10.3748/wjg.v25.i22.2763
12 Deng, H., Ouyang, W., Zhang, L., Xiao, X., Huang, Z. and Zhu, W. (2019) LncRNA GASL1 is downregulated in chronic heart failure and regulates

cardiomyocyte apoptosis. Cell Mol. Biol. Lett. 24, 41, https://doi.org/10.1186/s11658-019-0165-x
13 Xiong, H.G., Li, H., Xiao, Y., Yang, Q.C., Yang, L.L., Chen, L. et al. (2019) Long noncoding RNA MYOSLID promotes invasion and metastasis by

modulating the partial epithelial-mesenchymal transition program in head and neck squamous cell carcinoma. J. Exp. Clin. Cancer Res. 38, 278,
https://doi.org/10.1186/s13046-019-1254-4

14 Tong, L., Ao, Y., Zhang, H., Wang, K., Wang, Y. and Ma, Q. (2019) Long noncoding RNA NORAD is upregulated in epithelial ovarian cancer and its
downregulation suppressed cancer cell functions by competing with miR-155-5p. Cancer Med. 8, 4782–4791, https://doi.org/10.1002/cam4.2350

15 Zhang, R., Hao, S., Yang, L., Xie, J., Chen, S. and Gu, G. (2019) LINC00339 promotes cell proliferation and metastasis in pancreatic cancer via
miR-497-5p/IGF1R axis. J. BUON 24, 729–738

16 Ding, X., Wang, Q., Tong, L., Si, X. and Sun, Y. (2019) Long non-coding RNA FOXO1 inhibits lung cancer cell growth through down-regulating PI3K/AKT
signaling pathway. Iranian J. Basic Med. Sci. 22, 491–498

17 Murphy, M.B. and Medvedev, A.E. (2016) Long noncoding RNAs as regulators of Toll-like receptor signaling and innate immunity. J. Leukoc. Biol. 99,
839–850, https://doi.org/10.1189/jlb.2RU1215-575R

18 Archer, K., Broskova, Z., Bayoumi, A.S., Teoh, J.P., Davila, A., Tang, Y. et al. (2015) Long non-coding RNAs as master regulators in cardiovascular
diseases. Int. J. Mol. Sci. 16, 23651–23667, https://doi.org/10.3390/ijms161023651

19 Wilusz, J.E., Sunwoo, H. and Spector, D.L. (2009) Long noncoding RNAs: functional surprises from the RNA world. Genes Dev. 23, 1494–1504,
https://doi.org/10.1101/gad.1800909

20 Geng, H. and Tan, X.D. (2016) Functional diversity of long non-coding RNAs in immune regulation. Genes Dis. 3, 72–81
21 Zhao, C.C., Jiao, Y., Zhang, Y.Y., Ning, J., Zhang, Y.R., Xu, J. et al. (2019) Lnc SMAD5-AS1 as ceRNA inhibit proliferation of diffuse large B cell lymphoma

via Wnt/beta-catenin pathway by sponging miR-135b-5p to elevate expression of APC. Cell Death Dis. 10, 252,
https://doi.org/10.1038/s41419-019-1479-3

22 Zhang, E., Yin, D., Han, L., He, X., Si, X., Chen, W. et al. (2016) E2F1-induced upregulation of long noncoding RNA LINC00668 predicts a poor prognosis
of gastric cancer and promotes cell proliferation through epigenetically silencing of CKIs. Oncotarget 7, 23212–23226

23 Afify, A.Y., Ibrahim, S.A., Aldamsisi, M.H., Zaghloul, M.S., El-Ekiaby, N. and Abdelaziz, A.I. (2019) Competing endogenous RNAs in hepatocellular
carcinoma-the pinnacle of rivalry. Semin. Liver Dis. 39, 463–475

24 An, Y.X., Shang, Y.J., Xu, Z.W., Zhang, Q.C., Wang, Z., Xuan, W.X. et al. (2019) STAT3-induced long noncoding RNA LINC00668 promotes migration and
invasion of non-small cell lung cancer via the miR-193a/KLF7 axis. Biomed. Pharmacother. 116, 109023,
https://doi.org/10.1016/j.biopha.2019.109023

25 Yan, S., Yue, Y., Wang, J., Li, W., Sun, M., Gu, C. et al. (2019) LINC00668 promotes tumorigenesis and progression through sponging miR-188-5p and
regulating USP47 in colorectal cancer. Eur. J. Pharmacol. 858, 172464, https://doi.org/10.1016/j.ejphar.2019.172464

26 Hu, C., Jiang, R., Cheng, Z., Lu, Y., Gu, L., Li, H. et al. (2019) Ophiopogonin-B suppresses epithelial-mesenchymal transition in human lung
adenocarcinoma cells via the Linc00668/miR-432-5p/EMT axis. J. Cancer 10, 2849–2856, https://doi.org/10.7150/jca.31338

27 Qiu, X., Dong, J., Zhao, Z., Li, J. and Cai, X. (2019) LncRNA LINC00668 promotes the progression of breast cancer by inhibiting apoptosis and
accelerating cell cycle. Onco Targets Ther. 12, 5615–5625, https://doi.org/10.2147/OTT.S188933

28 Zhu, H., He, G., Wang, Y., Hu, Y., Zhang, Z., Qian, X. et al. (2019) Long intergenic noncoding RNA 00707 promotes colorectal cancer cell proliferation
and metastasis by sponging miR-206. Onco Targets Ther. 12, 4331–4340, https://doi.org/10.2147/OTT.S198140

© 2020 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons
Attribution License 4.0 (CC BY).

11

https://doi.org/10.1159/000492519
https://doi.org/10.3390/molecules24132350
https://doi.org/10.1016/j.ccell.2015.09.006
https://doi.org/10.1016/j.canlet.2018.01.053
https://doi.org/10.1016/j.tig.2015.03.007
https://doi.org/10.1016/j.ccr.2007.07.027
https://doi.org/10.1038/srep39294
https://doi.org/10.1158/2159-8290.CD-11-0209
https://doi.org/10.3748/wjg.v25.i22.2763
https://doi.org/10.1186/s11658-019-0165-x
https://doi.org/10.1186/s13046-019-1254-4
https://doi.org/10.1002/cam4.2350
https://doi.org/10.1189/jlb.2RU1215-575R
https://doi.org/10.3390/ijms161023651
https://doi.org/10.1101/gad.1800909
https://doi.org/10.1038/s41419-019-1479-3
https://doi.org/10.1016/j.biopha.2019.109023
https://doi.org/10.1016/j.ejphar.2019.172464
https://doi.org/10.7150/jca.31338
https://doi.org/10.2147/OTT.S188933
https://doi.org/10.2147/OTT.S198140


Bioscience Reports (2020) 40 BSR20192697
https://doi.org/10.1042/BSR20192697

29 Wu, G., Ju, X., Wang, Y., Li, Z. and Gan, X. (2019) Up-regulation of SNHG6 activates SERPINH1 expression by competitive binding to miR-139-5p to
promote hepatocellular carcinoma progression. Cell Cycle 18, 1849–1867

30 Wei, H., Tang, Q.L., Zhang, K., Sun, J.J. and Ding, R.F. (2018) miR-532-5p is a prognostic marker and suppresses cells proliferation and invasion by
targeting TWIST1 in epithelial ovarian cancer. Eur. Rev. Med. Pharmacol. Sci. 22, 5842–5850

31 Wang, Y.P., Liu, J., Liu, D., Wang, X.D., Bian, A.M., Fang, D.Z. et al. (2019) MiR-532-5p acts as a tumor suppressor and inhibits glioma cell proliferation
by targeting CSF1. Eur. Rev. Med. Pharmacol. Sci. 23, 8964–8970

32 Shen, X., Zhong, J., Yu, P., Zhao, Q. and Huang, T. (2019) YY1-regulated LINC00152 promotes triple negative breast cancer progression by affecting on
stability of PTEN protein. Biochem. Biophys. Res. Commun. 509, 448–454, https://doi.org/10.1016/j.bbrc.2018.12.074

33 Yang, T., Shu, F., Yang, H., Heng, C., Zhou, Y., Chen, Y. et al. (2019) YY1: a novel therapeutic target for diabetic nephropathy orchestrated renal fibrosis.
Metabolism 96, 33–45, https://doi.org/10.1016/j.metabol.2019.04.013

12 © 2020 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
License 4.0 (CC BY).

https://doi.org/10.1016/j.bbrc.2018.12.074
https://doi.org/10.1016/j.metabol.2019.04.013




 

 

 

 

 

 

 

 

Supplementary Figure 1 Pictures of another twoindependent colony 

formation experiments conducted in cells facing knockdown of 

LINC00668. 


