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Abstract

BACKGROUND

Hepatocellular carcinoma (HCC) is a malignancy found globally. Accumulating
studies have shown that long noncoding RNAs (IncRNAs) play critical roles in
HCC. However, the function of IncRNA in HCC remains poorly understood.

AIM

To understand the effect of IncRNA W42 on HCC and dissect the underlying
molecular mechanisms.

METHODS

We measured the expression of IncRNA W42 in HCC tissues and cells (Huh7 and
SMMC-7721) by quantitative reverse transcriptase polymerase chain reaction.
Receiver operating characteristic curves were used to assess the sensitivity and
specificity of IncRNA W42 expression. HCC cells were transfected with
pcDNA3.1-IncRNA W42 or shRNA-IncRNA W42. Cell functions were detected by
cell counting Kit-8 (CCK-8), colony formation, flow cytometry and Transwell
assays. The interaction of IncRNA W42 and DBN1 was confirmed by RNA
immunoprecipitation and RNA pull down assays. An HCC xenograft model was
used to assess the role of IncRNA W42 on tumor growth in vivo. The Kaplan-
Meier curve was used to evaluate the overall survival and recurrence-free survival
after surgery in patients with HCC.

RESULTS
In this study, we identified a novel IncRNA (IncRNA W42), and investigated its
biological functions and clinical significance in HCC. LncRNA W42 expression
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was upregulated in HCC tissues and cells. Overexpression of IncRNA W42
notably promoted the proliferative and invasion of HCC, and inhibited cell
apoptosis. LncRNA W42 directly bound to DBN1 and activated the downstream
pathway. LncRNA W42 knockdown suppressed HCC xenograft tumor growth in
vivo. The clinical investigation revealed that HCC patients with high IncRNA W42
expression exhibited shorter survival times.

CONCLUSION

In vitro and in vivo results suggested that the novel IncRNA W42, which is
upregulated in HCC, may serve as a potential candidate prognostic biomarker
and therapeutic target in HCC patients.

Key Words: Hepatocellular carcinoma; Long noncoding RNA; Long noncoding RNA
W42; Tumor; DBN1; Cancer

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The results of this study demonstrated, for the first time, that long noncoding
RNA (IncRNA) W42 expression was significantly higher in hepatocellular carcinoma
(HCC) tissues than in normal tissues and that dysregulation of IncRNA W42 was
positively correlated with tumor number, liver cirrhosis and tumor recurrence in
patients with HCC. Moreover, increased IncRNA W42 expression was associated with
a poor prognosis in patients with HCC. These findings suggest that IncRNA W42 is an
important marker for indicting prognosis and may have potential as a diagnostic and
therapeutic target for HCC.

Citation: Lei GL, Niu Y, Cheng SJ, Li YY, Bai ZF, Yu LX, Hong ZX, Liu H, Liu HH, Yan J,
Gao Y, Zhang SG, Chen Z, Li RS, Yang PH. Upregulation of long noncoding RNA W42
promotes tumor development by binding with DBNI1 in hepatocellular carcinoma. World J
Gastroenterol 2021; 27(20): 2586-2602

URL: https://www.wjgnet.com/1007-9327/full/v27/i20/2586.htm

DOI: https://dx.doi.org/10.3748/wjg.v27.i20.2586

INTRODUCTION

Liver cancer is a major health problem[1] and is currently the third leading cause of
cancer-related mortality in the world[2]. Among all primary liver cancers, hepato-
cellular carcinoma (HCC) accounts for approximately 90% of cases[3]. Several complex
pathways with frequent mutations in HCC, including the telomere maintenance, cell
cycle, WNT-f-catenin, epigenetic and chromatin remodeling pathways, have been well
defined[4-8]. Although advances in the diagnosis and treatment of HCC have been
made, its prognosis remains poorly understood. Even with radical treatment of HCC,
the median 5-year survival rate remains lower than 50%[9-11].

Long noncoding RNAs (IncRNAs) are noncoding transcripts that exceed 200 nt in
length; they have been defined as the largest subclass in the noncoding transcriptome
in humans[12-14]. The majority of IncRNAs with limited protein coding potential are
transcribed by RNA polymerase II and polyadenylated at their 5" and 3' ends,
respectively[15]. Recent reports have shown that a growing number of cancer
transcriptomes have indeed revealed that thousands of aberrant IncRNAs are closely
related to a variety of cancer types[16-18], including HCC. In particular, previous
studies have revealed that a number of IncRNAs are dysregulated and exert essential
roles in HCC progression; these IncRNAs include BZRAP1-AS1[19], RAB5IF[20],
SNHG15[21], MAGI2-AS3[22], ATB[23], etc. We also previously demonstrated that the
decreased expression of long intergenic noncoding RNA P7 predicts unfavorable
prognosis and promotes tumor proliferation via the modulation of the STAT1-MAPK
pathway in HCC[24], and IncRNA W5 inhibits progression and predicts favorable
prognosis in HCC[25].

In this report, for the first time, we identified a novel IncRNA, W42, and invest-
igated its expression levels in HCC tumor tissues and its association with the clinical-
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pathological parameters of HCC patients. The expression, biological function and
underlying molecular mechanisms of IncRNA W42 in HCC were also studied in vivo
and in vitro.

MATERIALS AND METHODS

Clinical samples

Data were obtained from 92 patients with HCC (72 males and 20 females) who
underwent surgery for HCC at the Department of Hepatobiliary Surgery of the Fifth
Medical Center, Chinese PLA General Hospital between October 2013 and July 2019.
After obtaining written informed consent from all patients, tumor tissues and paired
adjacent noncancerous tissue samples were collected from patients with HCC in
accordance with the institutional guidelines of the hospital’s Ethics Committee.
Resected tissues were immediately snap-frozen in liquid nitrogen within 30 min and
preserved in an HCC Tissue Biobank until use. This study was approved by the Ethics
Committee of the Fifth Medical Center of Chinese PLA General Hospital, and carried
out according to the Declaration of Helsinki.

Cell lines

The human HCC cell lines HepG2 and Huh7 were purchased from the American Type
Culture Collection (ATCC, Manassas, VA, United States). The normal liver cell line
LO2 and human HCC cell line SMMC-7721 were obtained from Cell Bank, Shanghai
Institutes for Biological Sciences, Chinese Academy of Science (Shanghai, China).
SMMC-7721 cells were established from a 50-year-old Chinese male HCC patient with
negative HBsAg and positive a-fetoprotein (AFP) by the scholars of Second Military
Medical University (Shanghai, China) in 1977[26]. The use of the cell lines was
approved by the Ethics Committee of the Fifth Medical Center of Chinese PLA General
Hospital. All of the cell lines used in this study were maintained in DMEM (Thermo
Fisher, Beijing, China) supplemented with 10% fetal bovine serum (Gibco, Beijing,
China) in 5% CO, at 37°C.

RNA extraction and real-time polymerase chain reaction

Total RNA from frozen fresh HCC tissues and paired adjacent noncancerous tissues
was extracted using TRIzol reagent (Thermo Fisher) according to the manufacturer's
instructions. RNA concentration and purity were detected using a NanoDrop ND-1000
(Thermo Fisher, Beijing, China). LncRNA W42 expression levels were examined by
quantitative reverse transcriptase polymerase chain reaction (QRT-PCR) performed
with Maxima SYBR Green on an ABI 7500 instrument (Applied Biosystems, CA,
United States). All reactions were run at least three times using IncRNA W42-specific
primers. GAPDH (glyceraldehyde-3-phosphate dehydrogenase) expression was
monitored as the endogenous control, and all samples were normalized to human
GAPDH]J24,27,28]. The primer sequences of IncRNA W42 were as follows: forward: 5'-
TGTGAACCAGGTTTGCTGGA-3, reverse: 5-CTCAACCATGCCGACGAGAA-3;
GAPDH forward: 5'-CAGCCTCAAGATCATCAGCA-3’ reverse: 5'-TGTGGTCAT-
GAGTCCTTCCA-3'. The amplification procedure was 95°C for 5 min, followed by 40
cycles of denaturation at 95°C for 15 s and annealing at 60°C for 30 s, extension at 72°C
for 30 s. The median of triplicate reactions was used to calculate relative IncRNA
expression (ACt = Ct median IncRNA - Ct median GAPDH). Expression changes were
calculated using the 2-AACt method.

Vector construction and Lentiviral Infection

The IncRNA W42 overexpression vector was constructed and cloned into the BamHI
and Ecorl sites of the pcDNA3.1 (+) vector, yielding pcDNA3.1-IncRNA W42. The
primers used in this experiment were as follows: forward: 5'-AGCTGAGG-
GAGCCGGCT-3, reverse: 5-ATTAATGAGAGAATTATGGTAT-3'. In addition, gene
knockdown used RNA interference experiments. LncRNA W42 was knocked down by
shRNA lentiviruses. ShRNA-IncRNA W42-1 and shRNA-IncRNA W42-2 were
designed and synthesized by RIBOBIO Co., Ltd. (Guangzhou, China). Their sequences
were as follows: W42-1: 3'-dTdT GGCUCAGUCUUUGAUCAAA-5"; W42-2: 3'-dTdT
CCUGUAGUAAACUACUCAA-5'; the shRNA negative control sequence number was
siN05815122147 of RIBOBIO. SMMC7721 cells (1 x 10*) were stably transfected with
lentiviral vector containing IncRNA W42 with the help of Hanbio Biotechnology Co.,
Ltd. (Shanghai, China). After infection for 72 h, the cells were collected for RNA
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quantitation of IncRNA W42 and targeted genes using qRT-PCR.

Nucleocytoplasmic separation experiment

A nucleocytoplasmic separation experiment was conducted with the PARIS™ Protein
and RNA Isolation System (Ambion, Life Technologies Lithuania). The experiment
followed the manufacturer’s instructions.

Cell proliferation assay

Cell proliferation was assessed by the Cell Counting Kit-8 (CCK-8, Dojindo
Laboratories, Kumamoto, Japan) assay according to the manufacturer’s protocols.
Huh7 or SMMC7721 cells were plated in 12-well plates (5 x 10° cells/well) and then
transfected with IncRNA W42 overexpression vector, and the numbers of cells per well
were examined and counted by the absorbance (450 nm) of reduced WST-8 [2-(2-
methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-isulfophenyl)-2H-tetrazolium,
monosodium salt] at the indicated time.

Colony formation assay

Huh?7 or SMMC7721 cells were plated in 6-well plates and incubated in DMEM with
10% fetal bovine serum (FBS) with 5% CO, at 37°C. Six days later, the cells were fixed
and stained with 0.1% crystal violet. The number of colonies, defined as > 50
cells/colony, was recorded and photographed[24].

Transwell assay

Cell migration and invasion were determined using Transwell chambers (Sigma). The
upper chamber of the Transwell was treated with Matrigel (without Matrigel coating
for the migration assay). Briefly, SMMC7721 or Huh?7 cells (50000 cells/well) were
resuspended in serum-free DMEM (Gibco). Then, the medium containing the cells was
seeded into the upper chamber. In addition, the lower chamber was supplemented
with medium containing 10% FBS (Gibco) as a chemoattractant. After incubation for 48
h, the cells that did not migrate or invade the membrane were scraped away, while the
migrated and invaded cells in the lower chamber of the Transwell were fixed with
methanol and stained with 0.1% crystal violet (Sigma). The number of migrated and
invaded cells was counted using a microscope.

Cell apoptosis assay and cell cycle analysis

An Annexin V-fluorescein isothiocyanate (FITC)/propidium iodide (PI) apoptosis kit
(BestBio, Shanghai, China) was used for the apoptosis assay and analyzed by flow
cytometry. After treatment, SMMC7721 and Huh7 were washed three times with
phosphate buffered saline (PBS) and stained with Annexin V-FITC/PI. After filtration,
the suspension of each group was analyzed within 1 h using a BD FACSCalibur flow
cytometer (BD Biosciences, Franklin Lakes, NJ, United States). The cells were
transfected with IncRNA W42 overexpression vector or control and cultured for 48 h.
Then the cells were washed twice with PBS and fixed in cold 70% ethanol for 1 h
followed by incubation with 20 pg/mL PI (BestBio, Shanghai, China) and 200 pg/mL
RNase A (Sigma) for 30 min. Finally, the cells were analyzed utilizing a flow cytometer
(BD Biosciences, Franklin Lakes, NJ, United States).

RNA pull-down assays

RNA pull-down assays were performed as previously described[29,30]. Briefly, in vitro
biotin-labeled RNAs (IncRNA W42 and its antisense RNA) were transcribed by biotin
RNA labeling mix (Roche) and T7 RNA polymerase (Roche), treated with RNase-free
DNase I (Promega) and purified using the RNeasy Mini Kit (QIAGEN). Biotinylated
RNA was incubated with cell lysate, and precipitated proteins were separated via
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and subjected
to mass spectrometric (MS) analysis. RNA pull-down of AVAN-associated proteins
was performed using biotinylated IncRNA W42 or antisense probes (immunoglobulin
G, IgG). Isolated proteins were resolved by SDS-PAGE followed by silver staining.
Silver staining was performed with the SilverQuest™ Silver Staining Kit (Invitrogen)
following the manufacturer’s recommendations.

RNA immunoprecipitation

The RNA immunoprecipitation (RIP) assay was performed as previously de-
scribed[31,32]. With IgG antibodies as the isotype-matched control, nuclear extracts
were immunoprecipitated with 2.5 mg hnRNP U (Abcam, clone 4D11, ab6106)
overnight. RNA-protein-antibody complexes were captured using Dynabead Protein

WJG | https://www.wjgnet.com 2589 May 28,2021 | Volume?27 | Issue20 |



Lei GL et al. LncRNA W42 and HCC

Jaishideng®

A/G (Thermo Fisher Scientific). RNA was eluted by adding TRIzol directly to
magnetic beads and isolated according to the manufacturer’s instructions. cDNA was
synthesized using TransScript First-Strand cDNA Synthesis SuperMix (TransGen
Biotech) and analyzed by qPCR. The results were normalized to input RNA and are
shown as fold-enrichment over control IgG RIP.

In vivo experiments

A total of 16 female 4-6-wk-old nude BALB/C mice were purchased from Charles
River Laboratories (Beijing, China) and were maintained in a SPF (specific pathogen-
free) facility under pathogen-free conditions at 22°C and 40%-50% humidity with a
12/12 h light/dark cycle, and had ad libitum access to food and water. Each mouse
was randomly assigned to one of the following two groups: LncRNA W42 knockdown
and control group (n = 8 per group). SMMC7721 cells (2 x 10°) stably IncRNA W42
knockdown or empty vector were subcutaneously injected into the flanks of nude
mice. Tumor growth was monitored by tumor volume and weight. After 4 d injection,
tumor size was recorded every 3 d, and tumor volumes were calculated with the
formula: Tumor volume (mm®) = length x width?x 0.5. After 36 d, the mice were
euthanized by i.p. injection of sodium pentobarbital (150 mg/kg), and tumor tissues
were removed, weighed and fixed in polyformaldehyde after imaging of the tumors
for further examination. All animal procedures were performed in strict accordance
with the recommendations of the National Institutes of Health Laboratory Animal
Care and Use Guidelines. This study was approved by the Ethics Committee of the
Fifth Medical Center of Chinese PLA General Hospital (2020-002).

Statistical analysis

All data were analyzed using the SPSS 20.0 software package (Chicago, IL, United
States). All statistical results are expressed as the mean * SD. Kaplan-Meier analyses
were used to represent the correlations between IncRNA W42 expression level and
overall survival (OS) rate or recurrence-free survival (RFS). The data from the two
groups were assessed using the Student t-test, the differences between various groups
were analyzed by one-way analysis of variance (ANOVA), followed by Tukey’s post
hoc test. All experiments were carried out at least three times. P values < 0.05 were
considered significant.

RESULTS

LncRNA W42 was upregulated in human HCC tumor tissues and cell lines

Based on our previous bioinformatics analysis, we chose another 10 candidate
IncRNAs and re-validated their expression in the normal liver cell line LO2 and the
human HCC cell line Huh7 (Supplementary Figure 1A). Subsequently, we re-validated
the expression of IncRNA W42 in 25 pairs of HCC tissues and paired adjacent noncan-
cerous tissues. The results showed that IncRNA W42 was the most differentially
expressed among these IncRNAs. Hence, we chose IncRNA W42 as a candidate
IncRNA for HCC in the following study. To define the role of IncRNA W42 in human
HCC, we first measured IncRNA W42 expression in 92 pairs of HCC tissues and
adjacent noncancerous tissues by qRT-PCR. As shown in Figure 1, we observed that
IncRNA W42 was significantly increased in HCC tissues compared with paired
adjacent noncancerous tissues (P < 0.001, Figure 1A). Next, qRT-PCR analysis also
showed significantly higher expression of IncRNA W42 in three human HCC cell lines
(SMMC-7721, HepG2 and Huh7) than in the normal liver cell line LO2 (P < 0.05,
Figure 1B). Moreover, we used receiver operating characteristic (ROC) curves to assess
the sensitivity and specificity of IncRNA W42 expression to discriminate between
tumor and noncancerous samples, the sensitivity was 74.76% and the specificity was
72.82%. It was noticeable that IncRNA W42 had predictive value, with an area under
the curve (AUC, denotes discrimination accuracy) of 0.808 (Figure 1C), revealing that
IncRNA W42 has adequate sensitivity and specificity to discriminate between HCC
tissues and paired adjacent noncancerous tissues. In addition, the nucleocytoplasmic
separation experiment showed that IncRNA W42 was mainly located in the nucleus
(Figure 1D). In addition, we sequenced full-length IncRNA W42 and found that its
length was 1598 nt and that it was located on chromosome 7q: 94423057-94429430 and
shares a transcript with the COL1A2 gene (Supplementary Figure 1B and C). Thus,
these results suggest that IncRNA W42 may provide imperative clinical guidance in
HCC diagnosis and serve a critical role in HCC progression.
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Figure 1 The levels of long noncoding RNA W42 expression in human hepatocellular carcinoma tissues and cell lines. A: Relative expression
levels of long noncoding RNA (IncRNA) W42 in human hepatocellular carcinoma (HCC) tissue compared to paired adjacent noncancerous tissues (n = 92). LncRNA
W42 expression was examined by quantitative reverse transcriptase polymerase chain reaction and normalized to GAPDH (glyceraldehyde-3-phosphate
dehydrogenase) expression (°P < 0.001); B: The level of INcRNA W42 expression was higher in HCC cell lines than in the normal liver cell line LO2 (°P < 0.001); C:
The area under the receiver operating characteristic curve was used for prediction of HCC based on IncRNA W42 expression, using paired adjacent noncancerous
tissues as a control; D: Quantitative reverse transcriptase polymerase chain reaction analysis of INcRNA W42 in subcellular fractions of SMMC 7721 and Huh7 cells.
B-Actin and U6 acted as cytoplasmic and nuclear markers, respectively (n = 3). ROC: Receiver operating characteristic.

LncRNA W42 promoted proliferation and invasion and suppressed early apoptosis
of HCC cells in vitro

To further investigate the biological functions of IncRNA W42 in HCC, we constructed
a lentiviral vector for stably overexpressing IncRNA W42 in HCC cell lines, i.e.,
SMMC7721 and Huh?, and designed two shRNAs for W42 (Figure 2A). CCK-8 assays
revealed that overexpression of IncRNA W42 in these HCC cell lines significantly
enhanced the cell proliferation ability (Figure 2B). Colony formation assays also
indicated that the IncRNA W42-transfected HCC cells formed significantly more
colonies than the control cells (Figure 2C). Conversely, we inhibited IncRNA W42
expression by transfecting IncRNA W42-specific shRNA into HCC cells. As indicated
by CCK-8 assays, the repression of IncRNA W42 significantly decreased cell prolif-
eration in HCC cells. Similarly, colony formation assays showed that compared to the
control, knockdown of IncRNA W42 inhibited HCC cell colony formation. Moreover,
overexpression of cellular IncRNA W42 not only increased HCC cell proliferation but
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Figure 2 Long noncoding RNA W42 affects proliferation and invasion in hepatocellular carcinoma cells in vitro. A: Long noncoding RNA
(IncRNA) W42 knockdown in SMMC 7721 and Huh7 cells. The expression level of INcRNA W42 was robustly enhanced or inhibited when cell lines were infected with
lentivirus containing the INcRNA W42 coding sequence or two shRNAs targeting INcRNA W42, respectively. Empty vector and shRNA control were used as the
negative controls; B: CCK-8 assays were used to determine the viability of SMMC7721 and Huh7 cells transfected with shRNA-IncRNA W42. The cell number was
examined from 24 h to 96 h. The results are shown as the mean + SE. °P < 0.05, compared with the control by two-sided ¢ test; C: Colony forming assays were
performed to determine the proliferation of SMMC7721 and Huh7 cells transfected with sShRNA-IncRNA W42; D: Transwell assays to measure the impact of IncRNA
W42 knockdown on HCC migration ability; E: Annexin V-fluorescein isothiocyanate/propidium iodide assay for the effect of overexpression or knockdown of IncRNA
W42 on early apoptosis of HCC cell lines. 2P < 0.05, °P < 0.01, °P < 0.001. LncRNA: Long noncoding RNA.
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also promoted the cell migration and invasion activity (Figure 2D) of HCC cells
compared with that in the control group. In addition, we also examined apoptosis
when over-expressing IncRNA W42 on HCC cells, the results showed that there was a
significant decrease in the early apoptosis of HCC cells (Figure 2E). In addition, no
significant difference was observed in the cell cycle analysis between the IncRNA W42
and control group (Supplementary Figure 2). Collectively, these data imply that
IncRNA W42 exerts an important role in regulating HCC cell proliferation and
invasion in vitro.

LncRNA W42 directly bound to DBN1 and enhanced DBN1-mediated tumor-

promoting effects

Given that IncRNA W42 is mainly located in the nucleus, we further investigated the
molecular mechanism of IncRNA W42. RNA pull-down assays and MS analysis were
performed in SMMC7721 cells. The results showed that DBN1, which is a key player in
the advancement of several cancers, bound IncRNA W42 in SMMC7721 cells more
readily than in IncRNA W42 antisense control cells (Figure 3A). This result was further
confirmed by a IncRNA W42 RNA pull-down western blot assay (Figure 3B). To
validate the interaction between IncRNA W42 and DBN1, we immunoprecipitated
DBN1 from SMMC7721 cells and quantified the protein-bound IncRNA W42.
Significantly higher expression of IncRNA W42 was detected with endogenous
(Figure 3C). Together, these results indicate that IncRNA W42 RNA physically
interacts with DBNI.
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Downregulation of IncRNA W42 inhibited HCC xenograft tumor growth in vivo

To elucidate the in vivo roles of IncRNA W42 in tumorigenesis, we determined
whether decreased expression of IncRNA W42 could suppress tumor growth in the
HCC xenograft tumor model. SMMC7721 cells with stable knockdown of IncRNA W42
or empty vector, generated by lentiviral vector transduction, were inoculated into
nude mice. Thirty-six days after injection, the tumors were dissected from the mice (
Supplementary Figure 3). Representative images of dissected tumors are shown in
Figure 4A. As illustrated in Figure 4B, we observed that the growth rate of tumors in
the IncRNA W42 knockdown group was lower than that in the control group. Six
weeks after injection, the weight of tumors dissected from mice in the IncRNA W42
knockdown group was significantly lower than that in their control groups
(Figure 4C). Consistent with the in vitro results, the tumor volumes and weights were
markedly lower in the IncRNA W42 knockdown group than in the empty vector
group, indicating that IncRNA W42 promotes HCC xenograft tumor growth in vivo.

Relationship between IncRNA W42 expression, clinicopathological characteristics

and patient prognosis
We further determined whether IncRNA W42 expression was correlated with the
clinicopathological characteristics and outcome of HCC patients. HCC patients (1 = 92)
were divided into a high IncRNA W42 expression group (above the average
expression, n = 46) and a low IncRNA W42 expression group (below the average
expression, n = 46). As illustrated in Table 1, no obvious differences were observed in
age, tumor size, or AFP levels. However, IncRNA W42 expression was closely
associated with tumor number, liver cirrhosis and tumor recurrence (P < 0.05).
Subsequently, we determined whether IncRNA W42 expression was associated with
the prognosis of HCC patients. All 92 HCC patients included in this experiment were
classified into two cohorts with high or low IncRNA W42 expression according to
median IncRNA W42 expression values. Kaplan-Meier analysis in the 92 patients with
HCC showed that the 3-year OS rate after surgery was 64.13% (P = 0.022; Figure 5A).
Specifically, a higher IncRNA W42 expression level in HCC tissues was significantly
associated with a reduction in OS (P = 0.005; Figure 5B) and RFS (P = 0.008; Figure 5C)
during the 3 year follow up period, supporting the critical roles of IncRNA W42 in the
pathogenesis of HCC.

DISCUSSION

With the advances of next-generation sequencing technology, IncRNAs have been
reported to be aberrantly expressed in multiple types of cancers[33-35]. A number of
IncRNAs have been validated to be critical regulators of biological processes in

WJG | https://www.wjgnet.com 2595 May 28,2021 | Volume?27 | Issue20 |


https://f6publishing.blob.core.windows.net/af1afa1c-cc39-4751-9bd2-6f2b9a58a166/WJG-27-2586-supplementary-material.pdf

Lei GL et al. LncRNA W42 and HCC

Table 1 The relationship between long noncoding RNA W42 expression and clinicopathological features in hepatocellular carcinoma

patients

W42 expression

Parameters Group Total P value
Low High

Gender Male 72 B85 37 0.810
Female 20 11 9

Age (yr) <60 27 15 12 0.681
260 65 31 34

Tumor size (cm) <5 52 25 27 0.846
25 40 21 19

AFP <20 27 11 16 0411
=20 65 85 30

Histological grade Well/moderately 14 8 6 0.776
Poorly 78 38 40

Clinical stage Tand IT 69 31 38 0.182
I 23 15 8

Tumor number Solitary 69 49 20 0.009"
Multiple 23 6 17

Drinking status Yes 34 19 23 0.999
No 58 31 27

Smoking status Yes 48 22 26 0.563
No 44 24 20

HBV Yes 66 30 36 0.419
No 26 14 12

Recurrence Yes 29 9 20 0.016"
No 79 49 30

PVTT Yes 42 22 20 0.847
No 50 24 26

Microvascular invasion Yes 73 37 35 0.999
No 19 9 10

Liver cirrhosis Absence 45 16 29 0.030"
Presence 47 30 17

4P < 0.05.

bp < 0.01. AFP: a-Fetoprotein; HBV: Hepatitis B virus; PVTT: Portal vein tumor thrombosis.

cancer[36]. In particular, several HCC hot IncRNAs, such as HULC[37], P53[38],
MCMB3AP-ASI1[39], ATB[40], HOTAIR[14] and Inc00624[41], have been reported, and
increasingly evidence showed that further investigation on the relationship between
IncRNA and HCC might provide potential targets for targeted therapy of HCC.
Herein, we revealed differential expression of IncRNA W42 using qRT-PCR analysis of
HCC and paired adjacent noncancerous tissues. Our results showed that IncRNA W42
was upregulated in HCC tissues compared to their normal counterparts. The ROC
AUC of IncRNA W42 was 0.808, suggesting its specificity and sensitivity in the
diagnosis of HCC. We also identified the function of IncRNA W42 in HCC cells by
applying gain-of-function and loss-of-function approaches. Overexpression of IncRNA
W42 promoted the proliferation and invasion and suppressed early apoptosis of HCC
cells. However, this phenomenon was reversed when IncRNA W42 was downreg-
ulated.
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DBNI1 is an actin-binding protein that was initially found in embryonic chicken
brains, and it was identified to be a neuron-specific protein[42]. However, several
studies have shown the presence of DBN1 in various nonneuronal tissues, even in
tumor tissues, such as recurrent non-small-cell lung cancer[43] and lymphoblastic
leukemia[44] tissues. Herein, we showed that the overexpression of IncRNA W42 and
DBN1 may be involved in the progression of HCC. Our results also showed that
IncRNA W42 RNA physically interacts with DBN1 and that IncRNA W42 might
directly bind to DBN1 and enhance the DBN1-mediated tumor-promoting effects. In
addition, the mechanism by which IncRNA W42 regulates DBN1 warrants further
investigation in subsequent studies.

Moreover, in vivo experiments revealed that IncRNA W42 knockdown inhibited
tumor growth in nude mice, as indicated by tumor volume and weight. Subsequently,
we will conduct in vivo experiments to analyze the effects of IncRNA W42 overex-
pression on liver tumors in nude mice. A clinical investigation showed that IncRNA
W42 upregulation was closely correlated with tumor number, liver cirrhosis and
tumor recurrence. More importantly, we observed that upregulated IncRNA W42
expression was closely associated with decreased OS rates and RFS rates. Based on
these data, we propose that IncRNA W42 may play an important role in the develop-
ment and progression of HCC.

Several previous studies have shown that liver cirrhosis is a predictor of and an
independent risk factor for HCC recurrence and that patients with liver cirrhosis tend
to express different levels IncRNAs[45-47]. Patients with liver cirrhosis usually have a
higher probability of tumor development once a virus infection occurs because they
are resistant to direct-acting antiviral agents. HCC develops frequently in the
advanced fibrosis stage, and eradicating HBV or HCV infection has been a promising
prophylactic therapy for preventing the occurrence of liver fibrosis and HCC. To date,
several IncRNAs have been validated to be involved in HCC progression, but the role
of IncRNAs in cirrhosis has not been well explained. On the other hand, IncRNA
HULC is upregulated in the plasma samples of patients with HBV-related cirrho-
sis[48]. In line with these findings, we also noted that high expression of IncRNA W42
in patients was associated with cirrhosis, suggesting that the IncRNA profiles may be
changed in HCC patients with cirrhosis. Furthermore, factors different from carcino-
genesis or genetic and epigenetic factors are related to the flow from chronic hepatitis
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to liver cirrhosis or from focal HCC carcinogenesis in the liver to multi-organ
metastasis. As shown in Table 1, we observed that IncRNA W42 expression was
closely associated with liver cirrhosis and tumor recurrence, but no obvious
differences were observed in age, gender, tumor size, HBV and AFP levels. Of course,
the relationship between IncRNA W42 and the etiology of HCC (HCV, HBV, NAFLD,
alcohol, efc.) needs to be validated in a much larger cohort. Moreover, further study
will explore the levels of IncRNA W42 in serum and the AUC values of AFP in tumor
tissue to ascertain if IncRNA W42 provides a higher diagnostic capacity compared to
AFP in HCC patients.

Several studies have shown that microRNA (miRNA) and circulating tumor DNA
detected in blood and body fluids such as urine, are useful for screening the presence
of various cancers[49,50]. Similarly, the abundant mRNA, circular RNA, and IncRNA
in human blood could be utilized as potential biomarkers for the diagnosis of various
cancers, which were revealed by extracellular vesicles long RNA sequencing[51].
However, whether IncRNA W42 could be detected in peripheral blood needs to be
investigated in subsequent studies.

These results further support that IncRNA W42 might participate in the prolif-
eration and apoptosis regulation of HCC cells. Of course, the proliferation results need
to be confirmed by flow cytometry (e.g., CFSE assay) in subsequent studies. In
addition, the effect and underlying molecular mechanism of IncRNA W42 in HCC
progression and potential IncRNA W42 targets, for example, the modulation of
IncRNA W42 impacts on the response to chemo-or-targeted therapies, remain to be
investigated in the future.

CONCLUSION

In conclusion, our results demonstrated, for the first time, that IncRNA W42
expression was significantly higher in HCC tissues than in normal tissues and that
dysregulation of IncRNA W42 was positively correlated with tumor number, liver
cirrhosis and tumor recurrence in patients with HCC. Moreover, increased IncRNA
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W42 expression was associated with a poor prognosis in patients with HCC. These
findings suggest that IncRNA W42 is an important marker for indicting prognosis and
may have potential as a diagnostic and therapeutic target for HCC.

ARTICLE HIGHLIGHTS

Research background
Hepatocellular carcinoma (HCC) is a malignancy found globally.

Research motivation
The function of long noncoding RNAs (IncRNAs) in HCC requires further invest-
igation.

Research objectives
We aimed to understand the effect of IncRNA W42 on HCC and dissect the underlying
molecular mechanisms.

Research methods

LncRNA W42 expression in HCC tissues and cells (Huh7 and SMMC-7721) was
detected by quantitative reverse transcriptase polymerase chain reaction. After
transfection with pcDNA3.1-IncRNA W42 or shRNA-IncRNA W42, cell functions were
assessed by cell counting Kit-8 (CCK-8), colony formation, flow cytometry and
Transwell assays. An HCC xenograft model was used to assess the role of IncRNA
W42 on tumor growth in vivo. Receiver operating characteristic curves and Kaplan-
Meier curves were used for clinical investigation.

Research results

LncRNA W42 expression was upregulated in HCC tissues and cells. LncRNA W42
directly bound to DBN1 and activated the downstream pathway to promote cell prolif-
eration, and invasion of HCC. LncRNA W42 knockdown suppressed HCC xenograft
tumor growth in vivo. HCC patients with high IncRNA W42 expression exhibited
shorter survival times.

Research conclusions

Upregulation of IncRNA W42 promotes tumor development by binding with DBN1 in
HCC.

Research perspectives
LncRNA W42, which is upregulated in HCC, may serve as a potential candidate
prognostic biomarker and therapeutic target in HCC.
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