OncoTargets and Therapy

Dove

ORIGINAL RESEARCH

LincOO5 | | Indicates A Poor Prognosis Of Liver
Hepatocellular Carcinoma

Pingan Hu'

Huxiao Cui?

Ting Lei'

Sigiao Li'

Erhui Mai'

Fuxin Jia'

'Department of Hepatobiliary Surgery,
Luoyang Center Hospital, Luoyang,
People’s Republic of China; 2Department
of Hepatobiliary Surgery, Xuchang

Central Hospital, Xuchang, People’s
Republic of China

Correspondence: Pingan Hu

Department of Hepatobiliary Surgery,
Luoyang Center Hospital, No. 288,
Zhongzhou Middle Road, Xigong District,
Luoyang, Henan 471000, People’s
Republic of China

Tel +86379-63892085

Email tu2188181474@163.com

This article was published in the following Dove Press journal:
OncoTargets and Therapy

Objective: To uncover the specific function of linc00511 in the progression of liver
hepatocellular carcinoma (LIHC) and the underlying mechanism.

Patients and methods: GEPIA dataset containing 9736 LIHC samples and 857 normal
samples were downloaded from TCGA. Expression pattern and prognostic potential of
1linc00511 in LTIHC were analyzed. Subsequently, expression level of linc00511 in LTHC tissues
collected in our hospital and cell lines were determined by quantitative real-time polymerase
chain reaction (QRT-PCR). Differential expressions of linc00511 in LIHC with different tumor
grades and metastatic status were compared. After transfection of si-linc00511, proliferative and
migratory changes in Huh7 and Hep3B cells were assessed by cell counting kit-8 (CCK-8), 5-
ethynyl-2'-deoxyuridine (EdU) and Transwell assay. Lastly, Pearson correlation analysis and
gRT-PCR were conducted to investigate the interaction between 1linc00511 and miR-29c.
Results: Linc00511 was upregulated in LIHC tissues and cell lines. Its level was positively
correlated to TNM staging, lymphatic metastasis and poor prognosis in LIHC patients.
Knockdown of 1inc00511 attenuated proliferative and migratory abilities in Huh7 and
Hep3B cells. In addition, miR-29¢ was downregulated in LIHC and negatively linked to
linc00511 level. A negative interaction between linc00511 and miR-29¢ could be a regula-
tory feedback influencing the progression of LIHC.

Conclusion: Linc00511 accelerates the proliferation and migration in LIHC, thus aggravat-
ing tumor progression. Meanwhile, linc00511 could be utilized as a hallmark predicting poor
prognosis in LIHC patients.
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Introduction
Over the past few years, more than 700,000 people die of liver hepatocellular carci-
noma (LIHC) each year, and this number has increased annually.' Symptoms and signs
of early-stage LIHC are atypical. Most of LIHC cases are initially diagnosed in
advanced stage with worse disease condition and higher malignant level.” Compared
with early primary LIHC, distant metastasis in advanced stage is the major reason for
triggering tumor death.® LIHC is a complex tumor disease with strong invasiveness. Its
pathology includes changes in tumor cell behaviors, vascular system, etc.* It is urgent
to uncover new effective biomarkers for LIHC, so as to improve the clinical outcome.
Long non-coding RNA (IncRNA) is an autonomous transcribed RNA that does
not encode a protein. Its minimum length is about 200 nucleotides.” With the
development of high-throughput sequencing technology, current research data
showed that 90% RNAs in the human genome belong to non-coding RNAs. Non-
coding RNAs exert crucial functions in regulating cellular behaviors and tumor
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diseases through influencing tumor cells and intracellular
signals.®” For example, 1inc00460 stimulates the progres-
sion of head and neck tumors through promoting apoptosis
and autophagy by targeting miR-206.® LncRNA RP1 is
considered as an important oncogene in breast cancer
through suppressing the p27kip1 pathway.” In liver cancer,
IncRNA TPTEP1 enhances cisplatin-sensitivity by regulat-
ing the phosphorylation of STAT3.'® A previous study has
uncovered that linc00511 is a potential oncogene. Silence
of linc00511 in breast cancer enhances the therapeutic

i Besides,

efficacy of paclitaxel-induced chemotherapy.
the carcinogenic role of linc00511 has also been confirmed
in ovarian cancer and NSCLC.'*'? Through analyzing the
dataset downloaded from TCGA, it is identified that
linc00511 was abnormally expressed in LIHC, which
was consistent with previously reported.'* Our further
experiments uncovered a potential regulatory network
between 1inc00511 and other target miRNAs. Their inter-

action may be a novel mechanism of LIHC development.

Patients And Methods
TCGA Dataset Analyses

Linc00511 expression and its prognostic potential in LIHC
were assessed by analyzing dataset downloaded from
GEPIA (http://GEPIA .cancer-pku.cn/index.html).'” The
GEPIA online database contains research data both from
TCGA and GTEx, involving sequencing data of 9736
tumor samples and 857 normal samples.

Sample Collection

Forty LIHC tissues and matched paracancerous tissues
were surgically resected in Luoyang Center Hospital
from May 2016 to December 2018. All samples were
pathologically confirmed. Patients and their families in
this study have been fully informed. All patients provided
written informed consents. This study was conducted in
accordance with the Declaration of Helsinki. This study
was approved by Ethics Committee of Luoyang Center
Hospital.

Cell Culture

Normal hepatocytes (LO2) and liver cancer cell lines
(MHCC-97H, Huh7, HCC-LM3, Hep3B, MHCC-97L
and Huh6) were purchased from American Type Culture
Collection (Manassas, VA, USA). Cells were cultured in
Dulbecco’s modified Eagle's medium (DMEM) (Gibco,
Rockville, MD, USA) containing 10% fetal bovine serum

(FBS) (Gibco, Rockville, MD, USA), and 1% penicillin—
streptomycin in a 5% CO, at 37°C. Cell passage should be
limited within 30 generations.

Transfection

Cells in good growth condition were transfected with si-
linc00511, pcDNA-linc00511, miRNA-29¢ mimics or
negative control (Riobobio, Guangzhou, China) using
Lipofectamine 3000 (Invitrogen, Carlsbad, CA, USA).
Transfected cells for 24-48 hrs were harvested for the
following experiments.

RNA Extraction And Quantitative Real-

Time Polymerase Chain Reaction (QRT-
PCR)

Cells were lysed to harvest RNAs using TRIzol method
(Invitrogen, Carlsbad, CA, USA), and the extracted RNAs
were subjected to reverse transcription according to the instruc-
tions of PrimeScript RT reagent Kit (TaKaRa, Tokyo, Japan).
RNA concentration was detected using a spectrometer. QRT-
PCR was then performed based on the instructions of SYBR
Premix Ex Taq TM (TaKaRa, Tokyo, Japan). Relative level
was calculated using 2~ **“* method. Linc00511: Forward: 5'-
AGGGGCGACTACTGTTACCT-3' and reverse: 5-CGTCC
AAACAGGCTGGATCT-3'; GAPDH: Forward: 5-AACTTT
GGCATTGTGGAAGG-3' and reverse: 5'-CACATTGGGGG
TAGGAACAC-3"; MiRNA-29c: Forward: 5-GCGCGCGTA
GCACCATTTGAAAT-3" and reverse: 5'-ATCCAGTGCAG
GGTCCGAGG-3'; U6: Forward: 5'-ATTGGAACGATAC
AGAGAAGATT-3" and reverse: 5'-GGAACGCTTCACGAA
TTTG-3'.

Cell Counting Kit-8 (CCK-8) Assay

Cells were seeded into 96-well plates with 5x10° cells per
well. At the appointed time points, 10 uL of CCK-8 solu-
tion (Dojindo, Kumamoto, Japan) was added in each well.
The absorbance at 450 nm of each sample was measured
by a microplate reader (Bio-Rad, Hercules, CA, USA).

5-Ethynyl-2'-Deoxyuridine (EdU) Assay

Cells were inoculated into 96-well plates with 1x10° cells
per well, and labeled with 100 pL of EdU reagent (50 uM)
per well for 2 hrs (Solarbio, Beijing, China). After wash-
ing with phosphate-buffered saline (PBS), cells were fixed
in 50 puL of fixation buffer, decolored with 2 mg/mL
glycine and permeated with 100 pL of penetrant. After
washing with PBS once, cells were stained with Hochest
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in dark for 30 mins. EdU-positive ratio was determined
under a fluorescent microscope (magnification 20x).

Wound Healing Assay

Wound healing assay was conducted to assess cell migratory
ability. Transfected cells were cultured to about 80% conflu-
ence and an artificial wound on cell plate was created using a
sterile pipette tip. Wound healing was observed at 0 and 24 hrs
using an inverted optical microscope (Nikon, Japan).

Transwell

Cell density was adjusted to 3x10* cells/mL. 100 pL of
suspension was applied in the upper side of Transwell
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chamber (Corning, Corning, NY, USA) coated with diluted
Matrigel. In the bottom side, 600 puL of medium containing
20% FBS was applied. After 48 hrs of incubation, cells
penetrated to the bottom side were fixed in 4% parafor-
maldehyde for 20 mins, stained with crystal violet for 20
mins and counted using a microscope. The number of
penetrating cells was counted in 5 randomly selected fields
per sample (magnification 200x%).

Statistical Analysis

Graphpad prism 7.0 (La Jolla, CA, USA) was used for data
analysis. Data were expressed as mean + standard deviation
(X£SD). Pearson correlation test was conducted to compare
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Figure | Linc0051 | was upregulated in LIHC and related to poor prognosis. (A) Differential levels of [inc005 1 | in LIHC tissues (n=369) and normal liver tissues (n=160) analyzed
through the TCGA dataset. (B) Overall survival in LIHC patients expressing high level or low level of linc0051 I. (C) Linc0051 | level in LIHC tissues and paracancerous tissues.
(D) Linc0051 I level in normal hepatocytes (LO2) and liver cancer cell lines (MHCC-97H, Huh7, HCC-LM3, Huh6, MHCC-97L and Hep3B) (*P<0.05; **P<0.01).
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the relationship between two genes. Survival analysis was
method.
Intergroup data were compared using the #-test. P<0.05

performed by introducing Kaplan—Meier

considered the difference was statistically significant.

Results
LincOO51 | Was Upregulated In LIHC And

Related To Poor Prognosis

Through analyzing TCGA dataset, linc00511 was found
to be upregulated in LIHC tissues compared with nor-
mal liver tissues (Figure 1A). Survival analysis showed
that high level of linc00511 in LIHC patients predicted
worse prognosis (Figure 1B). Subsequently, we deter-
mined 1inc00511 in LIHC and matched paracancerous
tissues collected in our hospital. Identically, 1inc00511
was highly expressed in LIHC tissues relative to normal
ones (Figure 1C). In vitro expression of linc00511 was
similarly upregulated in liver cancer cells (Figure 1D).
The above data demonstrated a potential carcinogenic
role of 1inc00511 in LIHC.

LincOO51 | Was Linked To Lymphatic
Metastasis And Tumor Staging Of LIHC

According to the collected clinical data, LIHC patients
were classified based on their tumor staging and statue of
lymphatic metastasis. In LIHC patients with advanced
stages (III-1V), 1inc00511 level was higher than those in
stages I-II (Figure 2A). Expression level of linc00511
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remained higher in LIHC patients with lymphatic metas-
tasis relative to those with negative metastasis (Figure 2B).

Knockdown Of Linc0051| Attenuated
Proliferative And Migratory Abilities Of
LIHC

Hep3B and Huh7 cells were selected for the following in
vitro experiments. First of all, transfection efficacy of si-
linc00511 was verified in Hep3B and Huh7 cells
(Figure 3A). Transfection of si-linc00511 greatly decreased
viability in liver cancer cells as CCK-8 assay revealed
(Figure 3B and C). Besides, EdU assay uncovered a decline
in EdU-positive ratio after knockdown of linc00511 in
Hep3B and Huh7 cells, further verifying an inhibited pro-
liferative ability (Figure 3D and E). Regulatory effect of
linc00511 on migratory ability of LIHC was assessed
through Transwell assay and wound healing assay.
Transfection of si-linc00511 remarkably reduced migratory
cell number, confirming the attenuated migratory ability in
LIHC, evidenced by results of Transwell and wound healing
assay (Figure 4A and B).

A Negative Interaction Between miRNA-
29c And Linc0051 | In LIHC

Previous study has demonstrated that miRNA-29¢c is a
potential target of 1inc00511.'® Dual-luciferase reporter
gene assay was conducted to assess the binding relation-
ship between 1linc00511 and LIHC. Decreased luciferase
activity in wild-type 1linc00511 vector overexpressing
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Figure 2 Linc0051 | was linked to lymphatic metastasis and tumor staging of LIHC. (A) LincO051 | level in LIHC patients with stages |-Il or stages IlI-IV. (B) LincO051 | level

in LIHC patients either with lymphatic metastasis or not (**P<0.01).
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Figure 3 Knockdown of linc0051 | attenuated proliferative ability of LIHC. (A) Transfection efficacy of si-lincO051 | in Hep3B and Huh7 cells. (B, C) Viability in Hep3B (B)
and Huh7 (C) cells with blank control, or transfected with NC or si-linc0051 I. (D, E) EdU-positive ratio in Hep3B (D) and Huh7 (E) cells with blank control, or transfected

with NC or si-linc0051 I. (Magnification of microscope: 200X) (**P<0.01, ***P<0.001).

miRNA-29c, confirming that miRNA-29¢c was the target
binding linc00511 (Figure 5A and B). In this experiment,
miRNA-29¢c was downregulated in LIHC tissues relative
to controls (Figure 5C). Pearson correlation test uncovered
a negative correlation between linc00511 and miRNA-29¢
levels in LIHC tissues (Figure 5C). Moreover, linc00511
overexpression markedly downregulated miRNA-29c¢ level
in Hep3B and Huh7 cells
linc00511 level was downregulated by overexpression of
miRNA-29c¢ in liver cancer cells (Figure 5E). Thus, a
negative interaction between linc00511 and miRNA-29¢
in LIHC was clarified. MiRNA-29¢ may be a key gene

(Figure 5D). Similarly,

involved in the malignant progression of LIHC regulated
by 1linc00511.

Overexpression Of miRNA-29c
Abolished Regulatory Effects Of
LincOO51 I On Migratory Abilities In LIHC

Linc00511 was closely correlated to lymphatic metastasis
in LIHC patients. Besides, survival analysis uncovered
that high level of 1inc00511 was linked to a poor prognosis
in LIHC. In addition, migratory ability of LIHC cells was
influenced by 1inc00511. Previous studies have demon-
strated that miRNA-29c serves as a tumor-suppressor
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Figure 4 Knockdown of linc0051 | attenuated migratory ability of LIHC. (A) Migration in Hep3B and Huh7 cells with blank control, or transfected with NC or si-linc0051 I.
(B) Migratory cell rate in Hep3B and Huh7 cells with transfected with NC or si-linc0051 I. (Magnification of microscope: 200X). (B) Wound healing assay results of Hep3B
and Huh7 cells transfected with NC or si-linc0051 | also showed that knockdown of linc0051 | significantly inhibited migration (*P<0.05; **P<0.01).

gene and is closely related to LIHC migration.'”'® It is  overexpression of miRNA-29c partially reversed the inhi-
speculated that miRNA-29c¢ could be significant during the  bitory effects of 1linc00511 on the migration of LIHC, as
migratory process of LIHC. Our findings showed that transwell (Figure 6A and B) and wound healing assay
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Figure 5 A negative interaction between miRNA-29c and linc00511 in LIHC. (A) MiRNA-29c level in LIHC tissues and paracancerous tissues. (B) A negative correlation
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results (Figure 6C and D) revealed. Therefore, miRNA-
29c was responsible for the linc00511-regulated progres-

sion of LIHC.

Discussion
For a long period, IncRNAs are considered as non-functional
products formed during the transcription progression of RNA
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Figure 6 Overexpression of miRNA-29c abolished regulatory effects of linc0051 | on migratory abilities in LIHC. (A, B) Migratory cell number in Hep3B (A) and Huh7 (B)
cells transfected with NC, si-linc0051 | or si-linc005 | I +miRNA-29¢ mimics. (C, D) Wound healing percentage in Hep3B (C) and Huh7 (D) cells transfected with NC, si-
linc0051 1 or si-linc005 1 1 +miRNA-29¢ mimics (compared with NC group, *P<0.05; **P<0.01; compared with si-linc0051 1 group, *P<0.05; “*P<0.01).

polymerases.'” With the advance in medical technologies, It is believed that IncRNAs are key factors in regulating

IncRNAs are found to be important in physiological and  tumor microenvironment and therapeutic targets for tumor

pathological processes, which have been well concerned.”®  treatment.?' LIHC is a malignancy with high recurrence and
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mortality. Diagnosis and intervention as early as possible are
the most effective approaches to reduce tumor-related deaths.
It is reported that IncRNA SNHG10 leads to poor prognosis
of liver cancer through aggravating the malignant level and
invasive ability.> LncRNA CRNDE accelerates liver cancer
progression via regulating the mRNA level of SIX1.%?

Through analyzing the TCGA dataset, 1linc00511 was
upregulated in LIHC tissues and closely related to poor prog-
nosis. It is suggested that linc00511 may be an oncogene in
LIHC, which was consistent with previous conclusions.'***
Moreover, our findings showed that linc00511 was correlated
to tumor staging and lymphatic metastasis of LIHC. Through a
series of functional experiments, linc00511 was proved to
promote proliferative and migratory abilities of LIHC.

Through bioinformatics prediction and literature review,
miRNA-29¢ could be a potential target binding linc00511,
which was further confirmed in our experiments. As a tumor-
suppressor gene, miRNA-29c is able to suppress tumor cell
growth and proliferation through regulating tumor-related
genes. It is found to be related to AFP level in liver cancer
patients.'*>*7 Furthermore, we analyzed miRNA-29c¢ level
in LIHC samples, which was downregulated in tumor tissues
relative to paracancerous ones. Pearson correlation test iden-
tified a negative relationship between levels of linc00511 and
miRNA-29c¢ in LIHC tissues. In addition, a negative interac-
tion between linc00511 and miRNA-29c was verified in
Huh7 and Hep3B cells. MiRNA-29¢ may be responsible
for 1linc00511-regulated progression of LIHC.

Conclusion

Linc00511 aggravates the progression of LIHC through
accelerating proliferative and migratory abilities of tumor
cells. Linc00511 may serve as a prognostic biomarker for
LIHC.
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