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KEYWORDS Summary Hepatocellular carcinoma (HCC) is the fifth most prevalent cancer and the second
LINC00472; leading cause of cancer-related deaths. In the present study, we have demonstrated that long
Proliferation; non-coding RNA (IncRNA) LINC00472 was low expressed in human HCC tissues and cell lines com-
Migration; pared with adjacent non-tumor liver tissues and normal liver cell lines respectively. LINC00472
Invasion; was also low expressed in HCC tissues from patients with metastasis compared with tissues
Hepatocellular from patients without metastasis. Expression level of LINC00472 was positively correlated with
carcinoma patient overall survival (OS) rate. Forced expression of LINC00472 suppressed cell proliferation,
migration, invasion and promoted cell apoptosis in HCC cells Huh-7 and SMMC-7721. MiR-93-5p
was a direct target of LINC0O0472, and miR-93-5p directly targeted PDCD4. The miR-93-5p/PDCD4
pathway mediated the suppressing role of LINCO0472 in HCC cells. Therefore, LINCO0472 was
an important tumor suppressor in human HCC, which could be used as a bio-marker for HCC
therapy.
© 2018 Elsevier Masson SAS. All rights reserved.
Introduction deaths [1—3]. Hepatitis B and C virus infection contributes

to the raised incidence of HCC [1,4]. Surgery, chemotherapy,
radiotherapy, locoregional therapies, and liver transplanta-
tion remain main treatments for HCC these years [5—7].
However, patients with HCC always suffer from carci-
noma recurrence and treatment resistance, and their mean
five-year survival rate is no more than 50% [1]. Lack of
efficient targets retarded the development of targeted
therapy for HCC. Although numerous studies attempted to
unveil the mechanisms related with tumor development and
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metastasis of HCC, the underlying mechanisms and key fac-
tors involved in HCC remain poorly understood. It is desirable
and urgent to perform further study for the exact underlying
mechanisms of HCC, which will benefit the development of
new clinical therapeutic methods for HCC.

Long non-coding RNAs (IncRNAs) (more than 200
nucleotides in size) belonging to non-coding RNAs, com-
monly do not encode proteins [8,9]. In former studies, few
functions of IncRNAs were unveiled, and some of them were
considered to have no value in human physiological pro-
cesses [10]. Recently, more and more studies reported the
important role of IncRNAs in many physiological processes,
especially many (ncRNAs acted as important tumor promot-
ers or tumor suppressors in various kinds of human cancers
[1,11]. For example, long non-coding RNA MT1JP acted as
a tumor suppressor in human gastric cancer [12]; high level
of long non-coding RNA AFAP1-AS1 predicts a poor prognosis
in non-small cell lung cancer patients [13]; long non-coding
RNA GAS5 suppresses triple negative breast cancer pro-
gression [14]. Another kind of non-coding RNA, microRNA
(miRNA) (20—25 nucleotides in size), was critically studies
in many publications and was documented to directly reg-
ulate the expression of their target genes, contributing to
tumor initiation, development and metastasis of human can-
cers [15,16]. LncRNAs could act as competing endogenous
RNAs and sponge miRNAs, indirectly regulate the down-
stream target genes of these miRNAs [10,17]. The important
roles and the complex mechanisms of LncRNAs are desirable
for further investigation. As reported previously, IncCRNA
LINC00472 suppressed cell proliferation and migration in
human breast cancer cells; low expression of LINC00472
was associated with worse clinicopathological features of
human breast cancer patients and epithelial ovarian can-
cer [18—20]. Moreover, LINC0O0472 was documented to play
important roles in human colorectal cancer [21]. However,
the role of LINC00472 in human HCC remains unknown.

In this study, we have determined that LINC00472 was
low expressed in human HCC tissues and cell lines com-
pared with adjacent non-tumor liver tissues and normal liver
cell lines respectively. LINC0O0472 was also low expressed
in HCC tissues from patients with metastasis compared
with tissues from patients without metastasis. Low level
of LINC00472 was associated with low overall survival (OS)
rate in HCC patients. Moreover, LINC0O0472 was examined to
suppress cell proliferation, migration and invasion of human
HCC cells. LINCO0472 directly targeted miR-93-5p, and miR-
93-5p directly targeted PDCD4. In HCC tissues, LINC00472
and miR-93-5p were negatively correlated; LINC0O0472 and
PDCD4 were positively correlated; miR-93-5p and PDCD4
were negatively correlated. The miR-93-5p/PDCD4 pathway
mediated the suppressing role of LINC00472 in cell prolifera-
tion, migration and invasion of human HCC cells. Therefore,
LINC00472 could be used as a potential target for human
HCC treatment.

Materials and methods

Tissue samples and patients

We collected 35 fresh adjacent non-tumor liver tissues and
109 fresh HCC tissues from patients who underwent surgery

in the First Affiliated Hospital of Anhui Medical University
(Hefei, China) between 2011 and 2014. Patients with other
diseases or had underwent special therapies before surgery
were excluded. For OS study, the 109 HCC patients were fol-
lowed up for more than 5years. We had got local approval
from the Institutional Review Boards of Southeast University
and the signed informed consent from every patient before
the patient-related work. We performed these work accord-
ing to The Code of Ethics of the World Medical Association
(Declaration of Helsinki).

Cell culture

Human liver cell line LO2 and HCC cell lines HepG2, BEL-
7404, Hep3B, SMMC-7721, Huh-7 were purchased from ATCC
(the American Type Culture Collection) (Rockville, MD). As
recommended, these cell lines were cultured in a humidified
atmosphere at 5% C0O2 and 37 °C.

RT-quantitative PCR (RT-qPCR)

RT-quantitative PCR (RT-qPCR) was performed as described
in previous studies [22]. We examined expression levels of
LINC00472, miR-93-5p and PDCD4 mRNA in this study, GAPDH
and U6 were also detected as control respectively.

RNA oligonucleotide and plasmid transfection

LINC00472 sequence (2958bp) was cloned into mammalian
expression plasmid pcDNA3.1 (Invitrogen) [Hindlll (splic-
ing at AAGCTT) and Xhol (splicing at CTCGAG) were
used] (designated as pcDNA-LINC00472) for LINC00472
over-expressing, the vector plasmid pcDNA3.1 (designated
as pcDNA) was used as control. MiR-93-5p/miR-Control
mimics and shLINC00472/shControl (shCtrl) were synthe-
sized in GenePharma (Shanghai, China). We carried out
RNA oligonucleotide and plasmid transfection in this
study using lip2000 (QIAGEN) as recommended and essen-
tially as described earlier [23,24]. Cells were treated
with 400 ng/mL G418 (Sangon Biotech, Shanghai, China)
after pcDNA-LINC00472/pcDNA transfection for constructing
stably-transfected cells as recommended.

Cell proliferation, migration and invasion assays

MTT assay, cell counting assay, cell colony formation assay,
cell migration assay and cell invasion assay were car-
ried out in this study to examine cell proliferation and
metastasis of human HCC cells essentially as described
in previous studies [23,24]. Briefly, for MTT assay, stably-
transfected cells or cells after transient-transfection for
24 hours were seeded into 96-well cell plates (2000 per
well). After another 72 hours, MTT evaluation was carried
out. For cell counting assay, stably-transfected cells or cells
after transient-transfection for 24 hours were seeded into
6-well cell plates (10,000 per well). Cell total number was
documented everyday in the next 5days, and cell growth
curves were analyzed. For cell colony formation assay,
stably-transfected cells or cells after transient-transfection
for 24 hours were seeded into 6-well cell plates (1000 per
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Expression of LINCO0472 in human tissues from HCC patients and in HCC cell lines. A. Expression levels of LINC00472 in

human adjacent non-tumor liver tissues (Normal) and HCC tissues (Cancer) were examined using RT-qPCR. B. Expression levels of
LINC00472 in human HCC tissues with or without metastasis were examined using RT-qPCR. GAPDH was also examined as control.
C. OS rates between LINC00472 high group and LINC00472 low group in 109 HCC patients were analyzed by Kaplan-Meier curves.
D. Expression levels of LINCO0472 in normal liver cell line LO2 and HCC cell lines HepG2, BEL-7404, Hep3B, SMMC-7721, and Huh-7
were detected using RT-qPCR. GAPDH was also detected as control. "P<0.05; “P<0.01.

well). Status of cell colony formation was analyzed after
10—15days. For cell migration and invasion, cells were
seeded into Transwell chambers (migration assay without
Matrigel (BD Biosciences, San Diego, CA) and invasion assay
with Matrigel). Cell migration was examined after 18 hours
and cell invasion was examined after 36 hours.

Flow cytometry

Flow cytometry was carried out in Huh-7 and SMMC-7721
cells to evaluate cell apoptosis and cell cycle condition.
Stably-transfected cells or cells after transient-transfection
for 72 hours were harvested, fixed and then incubated in
Annexin V antibody-FITC and Pl or Rnase A and propidium
iodide for 0.5hour at room temperature. Cells were ana-
lyzed in flow cytometer.

Luciferase reporter assay

Luciferase reporter plasmids including PsiCHECK2-
LINC00472-WT, PsiCHECK2-LINC00472-MUT,  PsiCHECK2-
PDCD4-3’-UTR-WT and PsiCHECK2-PDCD4-3’-UTR-MUT were

constructed and luciferase reporter assay was carried out
essentially as described earlier by using a Dual Luciferase
Reporter Assay Kit (Promega Corp.) [23,24].

Western Blot

Western blot was performed to examine protein levels
of PDCD4 in transfected cell lines as described earlier
[23,25]. PDCD4 Mouse Monoclonal antibody (Proteintech
Group, Inc., Chicago, USA) and B-actin Mouse Monoclonal
antibody (Sigma) were used. B-actin was examined as con-
trol.

Statistical analyses

Three independent repeating experiments were carried out
for every examination and each figure represented the
average. For RT-gPCR, cell functional experiments, flow
cytometry and luciferase reporter assay, two-tailed t test
was used in statistical analyses. For patient OS analyses,
Kaplan-Meier curves and log-rank test were used. It was
considered statistically significant when P <0.05.
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Fig. 2

LINC00472 suppressed cell growth of human HCC cells. A. Expression levels of LINC00472 in Huh-7 and SMMC-7721 cells stably

transfected with pcDNA-LINC00472 or control pcDNA plasmid were detected by RT-qPCR. GAPDH was also detected as control. B. MTT
assay, C, D. cell counting assay. E, F. Cell colony formation assay were performed in Huh-7 and SMMC-7721 cells stably transfected
with pcDNA-LINC00472 or control pcDNA plasmid. G. Flow cytometry (incubating with Annexin V antibody-FITC and PI) was carried
out to evaluate cell apoptosis in Huh-7 and SMMC-7721 cells stably transfected with pcDNA-LINC00472 or control pcDNA plasmid.
H, I. Flow cytometry was performed to evaluate the percentages of cells in G1, S, and G2 phases of the cell cycle in Huh-7 and
SMMC-7721 cells stably transfected with pcDNA-LINC00472 or control pcDNA plasmid. "P<0.05; “P<0.01.

Results

Expression of LINCO0472 in human tissues and the
correlation between LINC00472 expression and
overall survival (OS) rates in HCC patients

Thirty-five normal human liver tissues and 109 (49 with-
out metastasis and 60 with metastasis) human HCC tissues
were collected and the expression level of LINC00472 were
examined using RT-gPCR. As shown in Fig.1A and Fig.1B,
the expression level of LINC0O0472 was significantly lower
in human HCC tissues compared with adjacent non-tumor
liver tissues and was significantly lower in HCC tissues from
patients with metastasis compared with HCC tissues from
patients without metastasis.

For further study, we followed these HCC patients
for more than 5 years and the correlation of LINC00472

expression with patient overall survival (OS) rates was
analyzed by using Kaplan-Meier curves. The OS rates
was dramatically lower in HCC patients with low level
of LINC00472 compared with patients with high level of
LINC00472 (P=0.0045) (Fig.1C).

Therefore, LINC0O0472 was low-expressed in HCC tissues
compared with adjacent non-tumor liver tissues and was
low-expressed in HCC tissues with metastasis compared with
tissues without metastasis; low level of LINC00472 was asso-
ciated with poor prognosis in human HCC patients.

LINC00472 inhibited cell growth of human HCC
cells

Normal liver cell line LO2 and HCC cell lines HepG2,
BEL-7404, Hep3B, SMMC-7721, and Huh-7 were cultured
and the expression levels of LINC00472 in these cell lines
were examined using RT-gPCR. Concordant with former
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Fig. 3  LINC00472 suppressed migration and invasion of human HCC cells. A, C, Cell migration assay and B, D, cell invasion assay

were performed to evaluate metastasis in Huh-7 and SMMC-7721 cells stably transfected with pcDNA-LINC00472 or control pcDNA

plasmid. “P<0.01.

tissue results, the expression level of LINCO0472 was sig-
nificantly lower in these 5 HCC cell lines compared with
normal liver cell line LO2 (Fig.1D). Huh-7 and SMMC-
7721 cells were used for next cell functional studies. As
shown in Fig.2A, Huh-7 and SMMC-7721 cells were stably
transfected with pcDNA3.1 plasmid containing LINC00472
sequence (designated as pcDNA-LINC00472), and therefore
these cells expressed higher level of LINCO0472 compared
with cells transfected with control pcDNA3.1 plasmid (des-
ignated as pcDNA) respectively as determined by RT-qPCR.
As determined by MTT assay, cell viabilities of both Huh-7
and SMMC-7721 cells decreased significantly after trans-
fected with pcDNA-LINC00472 compared with control pcDNA

plasmid (Fig.2B). Concordantly, pcDNA-LINC00472 dramat-
ically decreased cell total number in both Huh-7 and
SMMC-7721 cells over a period 5 days as determined by
cell counting assay (Fig.2C, D). In addition, as deter-
mined by cell colony formation assay, pcDNA-LINC00472
also dramatically reduced cell colony formation of both
Huh-7 and SMMC-7721 cells compared with control pcDNA
plasmid (both P<0.01) (Fig.2E, F). Moreover, cell apop-
tosis was determined using flow cytometry by incubating
with Annexin V FITC and PI. As shown in Fig.2G, pcDNA-
LINC00472 significantly increased cell apoptosis in both
Huh-7 and SMMC-7721 cells compared with control. Also
examined by flow cytometry, pcDNA-LINC00472 significan-
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Fig. 4

LINCO0472 directly targeted miR-93-5p. A.Predicted consequential pairing of LINC0O0472 and miR-93-5p; the mutant

LINC00472 sequence. B, C. Luciferase assay of Huh-7 and SMMC-7721 cells co-transfected with miR-93-5p mimics/miR-Control
mimics, and luciferase reporter plasmid PsiCHECK2-LINC00472-WT/PsiCHECK2-LINC00472-MUT. D. Expression levels of miR-93-5p
in Huh-7 and SMMC-7721 cells transfected with pcDNA-LINC00472 or control pcDNA plasmid were detected by RT-gPCR. U6 was
also detected as control. E. Expression levels of LINCO0472 in Huh-7 and SMMC-7721 cells transfected with miR-93-5p mimics or
miR-Control mimics were detected by RT-qPCR. GAPDH was also detected as control. F, G. Expression levels of LINC0O0472 and miR-
93-5p in LO2 cells transfected with shLINC00472 or shCtrl were detected by RT-qPCR. GAPDH and U6 were also detected as control

respectively. "P<0.01.

tly increased the G1 phase percentage and decreased the
S phase percentage in both Huh-7 and SMMC-7721 cells
(Fig.2H, 1). As a result, LINCO0472 dramatically suppressed
cell proliferation and promoted cell apoptosis in human HCC
cells.

LINC00472 inhibited migration and invasion of
human HCC cells

Cell metastasis assays including cell migration assay and
invasion assay were performed to evaluate the role of
LINC00472 in metastasis of human HCC cells. As shown in
Fig.3A—D, both of cell migration and invasion decreased
dramatically in both Huh-7 and SMMC-7721 cells after trans-
fection of pcDNA-LINC00472 compared with control pcDNA
plasmid respectively (all P<0.01). As a result, LINCO0472
suppressed migration and invasion of human HCC cells.

LINC00472 directly targeted miR-93-5p

For further study, we searched for potential miRNAs that
might be direct targets of LINC0O0472 in human HCC cells
using DIANA TOOL. MiR-93-5p (several candidate miRNAs
were selected at first but through the next luciferase
reporter assay and RT-gPCR examination, miR-93-5p was
examined to change most, so miR-93-5p was focused for
further study) was found to be a candidate target of
LINC00472 and the binding site in miR-93-5p was 5’-CGTGAA-
3’ (Fig.4A). Both of wild type LINC00472 (designated as

LINC00472-WT) and mutant LINC00472 (binding site was
changed from 5’-GCACTT-3’ into 5’-CGTGAA-3’) (desig-
nated as LINC00472-MUT) were cloned into psiCHECK-2
luciferase reporter plasmids, and luciferase reporter assay
was carried out (Fig.4A). As shown in Fig.4B and C,
the luciferase activities decreased significantly in both
Huh-7 and SMMC-7721 cells after co-transfected with
PsiCHECK2-LINC00472-WT and miR-93-5p mimics compared
with co-transfected with PsiCHECK2-LINC00472-WT and
miR-Control mimics respectively. There were no differ-
ences of the luciferase activities between co-transfection
with PsiCHECK2-LINC00472-MUT/miR-93-5p mimics and co-
transfection with PsiCHECK2-LINC00472-MUT/miR-Control
mimics in both Huh-7 and SMMC-7721 cells. Moreover,
as determined by RT-qPCR, expression level of miR-93-5p
decreased significantly after stably transfected with pcDNA-
LINC00472 compared with control pcDNA plasmid in both
Huh-7 and SMMC-7721 cells (Fig.4D); expression level of
LINC00472 decreased significantly after transfected with
miR-93-5p mimics compared with miR-Control mimics in
both Huh-7 and SMMC-7721 cells (Fig.4E). In addition, knock-
down of LINC00472 by shLINC00472 significantly decreased
the LINC00472 level and increased the miR-93-5p level in
normal liver cell LO2 (Fig.4F, G). As a result, miR-93-5p was
a direct target of LINC00472.

PDCD4 was a direct target of miR-93-5p

We next searched for potential targets of miR-93-5p by
using online TargetScan. PDCD4 was predicted as a candidate
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target of miR-93-5p and the miR-93-5p-binding site with
the 3’-UTR of PDCD4 mRNA was 5’-GCACTTT-3’ (Fig.5A).
Luciferase reporter assay was carried out to examine the
interaction of miR-93-5p and PDCD4. The luciferase activity
decreased significantly after co-tranfected with luciferase
reporter plasmid PsiCHECK2-PDCD4-3’-UTR-WT and miR-93-
5p mimics in both Huh-7 and SMMC-7721 cells (Fig.5B, C).
However, there was no significant change of the luciferase
activity after co-transfected with luciferase reporter plas-
mid PsiCHECK2-PDCD4-3’-UTR-MUT and miR-93-5p mimics
in both Huh-7 and SMMC-7721 cells (Fig.5B, C). Moreover,
protein levels of PDCD4 dramatically decreased after trans-
fected with miR-93-5p mimics compared with miR-Control
mimics in both Huh-7 and SMMC-7721 cells as determined by
western blot (Fig.5D). Forced expression of LINC0O0472 signi-
ficantly increased the protein level of PDCD4 in both Huh-7
and SMMC-7721 cells (Fig.5E). In addition, knockdown of
LINC00472 by shLINC00472 significantly decreased the pro-
tein level of PDCD4 in normal liver cell line LO2 (Fig.5F).
Therefore, PDCD4 was a direct target of miR-93-5p, and the
LINC00472/miR-93-5p pathway regulated the expression of
PDCDA4.

Moreover, the correlations of LINC00472/miR-93-5p,
LINCO0472/PDCD4 mRNA, miR-93-5p/PDCD4 mRNA were
analyzed in the 109 human HCC tissues. As shown in Fig.5G,
LINC00472 and miR-93-5p expression levels were negatively
correlated in HCC tissues (P=0.0078, Pearson’s correlation
coefficient: —0.2559). In addition, there was a significant
positive correlation between LINC00472 and PDCD4 expres-
sion levels in HCC tissues (P=0.0026, Pearson’s correlation
coefficient: 0.3632) (Fig.5H). There was a statistical nega-
tive correlation between miR-93-5p and PDCD4 expression
levels in HCC tissues (P=0.0357, Pearson’s correlation coef-
ficient: —0.2033) (Fig.5l).

LINC00472 suppressed proliferation, migration and
invasion of human HCC cells through PDCD4

To examine whether LINC00472 suppressing proliferation,
migration and invasion of human HCC cells was mediated
by PDCD4, Huh-7 and SMMC-7721 cells were co-transfected
with pcDNA-LINC00472 or control pcDNA plasmid and PDCD4-
siRNA (designated as si-PDCD4) or NC-siRNA (designated
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'P<0.05; "P<0.01.

as si-NC) and cell functional experiments were carried
out. Concordant with former results, forced expression of
LINC00472 dramatically decreased cell viability (evaluated
by MTT assay) (Fig.6A), cell total number (Fig.6B, C), cell
colony formation (Fig.6D), cell migration (Fig.6E) and cell
invasion (Fig.6F). However, these decreases were abolished
by transfection with siPDCD4 (Fig.6A—F). Moreover, forced
expression of LINC00472 increased cell apoptosis, increased
G1 phase cells and decreased S phase cells in Huh-7 and
SMMC-7721 cells; these changes were all abrogated by co-
transfection with siPDCD4 (Fig.6G—l1). Therefore, LINC00472
suppressing proliferation, migration and invasion of human
HCC cells was mediated by PDCD4.

Discussion

In the present study, we systematically examined that
LncRNA LINCO0472 suppressed cell proliferation (as

determined by MTT assay, cell counting assay, cell colony
formation assay and flow cytometry), migration and invasion
(as determined by cell migration assay and invasion assay)
of human HCC cells. LINC00472 was found to express lower
in HCC tissues compared with adjacent non-tumor liver
tissues, in HCC tissues from patients with metastasis com-
pared with tissues from patients without metastasis, in HCC
cell lines compared with normal liver cell lines. In addition,
low level of LINC00472 was associated with low OS rate in
HCC patients. As reported previously, forced expression of
LINC00472 suppressed cell proliferation and migration in
human breast cancer cells [20]. Breast cancer patients with
high expression of LINC00472 was associated with better
outcomes and had better responses to adjuvant chemo- or
hormonal therapy [20]. Shen Y et al. also reported that
LINC00472 is functionally a tumor suppressor in human
breast cancer; expression level of LINC0O0472 was positively
correlated with disease-free survival rates in patients with
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grade 2 breast cancer [19]. Moreover, LINC0O0472 was also
examined to be a tumor suppressor in human epithelial
ovarian cancer and colorectal cancer [18,21]. These results
were concordant with ours. Therefore, LINC00472 was
an important tumor suppressor in various human cancers
including HCC. As reported in Shen Y et al.’s study and
Chen L et al.’s study, the promoter methylation induced the
low-expression of LINCO0472 in human breast cancer and
colorectal cancer [19], therefore the mechanisms leading
to LINC00472 downregulation in HCC might be also DNA
methylation which should be examined in the future work.

For mechanism study, LINC0O0472 was determined to
directly target miR-93-5p and could sponge miR-93-5p.
Forced expression of LINC00472 dramatically decreased the
level of miR-93-5p, and transfection with miR-93-5p mim-
ics dramatically decreased the level of LINC00472 in HCC
cells Huh-7 and SMMC-7721. Knockdown of LINC00472 by
shLINC00472 significantly increased the miR-93-5p level in
normal liver cell LO2. It was logical that miR-93-5p should
perform tumor promoting role in human HCC cells. As
reported in Wang X. et al.’s study, miR-93-5p was deter-
mined to promote cell proliferation through down-regulating
PPARGC1A in HCC cells [26]. This data supported our present
results. Meanwhile, Li L. et al. reported that miR-93-5p
promoted gastric cancer-cell progression via inactivation of
the Hippo signaling pathway [27]. Ma DH. et al. reported
that miR-93-5p/IFNAR1 axis promoted gastric cancer metas-
tasis through activating the STAT3 signaling pathway [28].
Moreover, miR-93-5p was also documented to play promot-
ing role in human non-small cell lung cancer, esophageal
cancer, lacrimal gland adenoid cystic cancer, etc. [29—31]
Therefore, miR-93-5p played tumor promoting roles in many
kinds of human cancers, and miR-93-5p might mediate the
suppressing role of LINC00472 in HCC cells.

We next examined that PDCD4 was a direct target of
miR-93-5p. Expression level of PDCD4 was dramatically sup-
pressed by miR-93-5p, and was dramatically promoted by
LINC00472. Combinational experiments showed that PDCD4
mediated the tumor suppressing role of LINC00472 in HCC
cells. Therefore, PDCD4 was a critical tumor suppressor in
HCC cells. As reported previously, PDCD4 was determined
to be negatively regulated by miR-93 and miR-21, pro-
moting cell apoptosis and suppressing tumor proliferation
and metastasis in human HCC cells [32—35]. These results
were concordant with ours. Furthermore, PDCD4 also played
tumor suppressing role in human colon cancer [36], bladder
cancer [37], epithelial ovarian cancer [38], pancreatic can-
cer [39], breast cancer [40], gastric cancer [41], and so on.
As a result, PDCD4 was a well received tumor suppressor
in nearly all kinds of human cancers and herein mediated
the tumor suppressing role of LINC00472 in HCC cells. The
LINC00472/miR-93-5p/PDCD4 pathway contributed to cell
proliferation, apoptosis, migration and invasion of human
HCC.

In summary, the present study systematically examined
the tumor suppressing role of LINCO0472 in human HCC
cells. The expression level of LINC00472 was low in HCC
tissues/cell lines compared with adjacent non-tumor liver
tissues/normal liver cell lines, was negatively correlated
with metastasis and positively correlated with patient OS
rates. LINCO0472 suppressed proliferation, migration and
invasion of HCC cells. MiR-93-5p was a direct target of

LINC00472, and miR-93-5p directly targeted PDCD4. The
miR-93-5p/PDCD4 pathway mediated the suppressing role of
LINC00472 in HCC cells. As an important tumor suppressor,
LINC00472 could be used as a bio-marker for HCC therapy.
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