OncoTargets and Therapy

Dove

ORIGINAL RESEARCH

The prognostic value of LINCO01296 in
pan-cancers and the molecular regulatory
mechanism in hepatocellular carcinoma:

a comprehensive study based on data mining,

bioinformatics,

Chaojie Liang*
Yongping Zhang*
Yu Zhang
Ruihuan Li
Zhimin Wang
Zhigang Wei
Jiansheng Guo

Department of General Surgery, First
Hospital/First Clinical College of Shanxi
Medical University, Taiyuan, Shanxi
030001, People’s Republic of China

*These authors contributed equally to
this work

Correspondence: Zhigang Wei; Jiansheng
Guo

Department of General Surgery, First
Hospital/First Clinical Medical College of
Shanxi Medical University, Jiefangnan Road,
Taiyuan, Shanxi 030001, People’s Republic of
China

Tel +86 | 503 515 8467

Email sdyywzg2018@126.com;
sdyygjs2017@126.com

and in vitro validation

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

Background and aims: This study aimed to clarify the prognostic role of LINC01296 in
various cancers, and to evaluate its effect on proliferation, metastasis, and the cell cycle in
hepatocellular carcinoma (HCC) by data mining, bioinformatics, and in vitro validation.
Methods: The prognostic role of LINC01296 in cancer patients was assessed by searching the
PubMed, Embase, Web of Science, and Gene Expression Omnibus databases and calculating
pooled hazard ratios (HRs) with 95% confidence intervals (Cls); this prognostic role was also
evaluated using The Cancer Genome Atlas (TCGA). We detected LINC01296 expression in
HCC cell lines, and lentivirus-mediated small interfering RNAs were used to silence
LINC01296 in MHCC97H and Hep3B cells to explore the role of LINC01296 in cell
proliferation, metastasis, and cell cycle progression with in vitro validation and bioinformatics.
Results: The results indicated that LINC01296 overexpression was associated with poor
overall survival (OS) and disease-free survival (DFS) in various cancers; however,
LINCO01296 expression was not associated with recurrence-free survival (RFS). Similar
results were found with TCGA, which showed that LINC01296 expression was associated
with the pathologic stage, tumor size, and differentiation in Asian cancer patients.
Additionally, bioinformatics analysis revealed expression of 394 related genes, which indi-
cated that LINC01296 could be involved in the tumorigenesis and progression of HCC. In
vitro gene silencing experiments indicated that LINC01296 downregulation repressed cell
proliferation, cell cycle progression, and the metastatic potential of HCC through the
regulation of BUB1, CCNAZ2, and CDK1 expression.

Conclusion: This study demonstrated that LINC01296 expression is related to poor OS and
DEFS in a variety of cancer types and that LINC01296 has an oncogenic role in HCC.
Keywords: LINC01296, IncRNA, cancers, HCC, bioinformatics

Introduction

GLOBOCAN 2015 reported that 1,410,000 new cases of cancer occurred world-
wide, for which there were 820,000 cancer-related deaths, and in China in 2015,
an estimated 42.9 million new cancer cases occurred, for which there were
28.1 million cancer-related deaths.! With the development of medical technolo-
gies, cancer treatments have markedly improved; however, cancer prognoses
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remain poor, for which the lack of specific biomarkers
for the early diagnosis of cancer is a primary cause.’
Development of these biomarkers is especially needed
for hepatocellular carcinoma (HCC) prognoses.”* In
2015, 460, 000 new cases were diagnosed worldwide,
which resulted in 422, 000 cancer-related deaths in
China.'” Diagnosing HCC is difficult during early dis-
ease; therefore, finding specific biomarkers to help diag-
nose HCC and other cancers early and to explore the
molecular mechanisms behind their actions has become
a popular topic of oncologic research studies.®’

Long non-coding RNA (IncRNA) is an RNA that is
more than 200 bp long, does not encode proteins, and was
once considered to have no specific biologic function
(transcriptional garbage).® In recent years, an increasing
number of studies have demonstrated that IncRNAs are
closely associated with cancer progression and develop-
ment, including proliferation, apoptosis, invasion, and
metastasis.” '! Moreover, a few studies have also demon-
strated that IncRNA expression is associated with cancer
prognoses, which suggests that IncRNA could be used as
an early cancer detection biomarker for patients with
a variety of cancer types.'> !¢

LINCO01296, which is located at chromosome 14q11.2,
has been shown to be dysregulated in several tumors, such
(ESCC),"”
(0SC),"® gastric cancer (GC),'® and pancreatic ductal ade-

as esophageal carcinoma osteosarcoma
nocarcinoma (PADC),?® and has been shown to have an
oncogenic role in cancer. Wang et al.'” reported that
LINCO01296 promoted ESCC cell proliferation, migration,
and invasion, and Jiang et al.*' found that LINC01296 was
associated with poor prognoses and could promote breast
cancer tumorigenesis. In addition, because several studies
regarding LINC01296 were limited by sample size and
discrete outcomes, we performed a meta-analysis that
included published articles and the Gene Expression
Omnibus (GEO) to explore the prognostic value of
LINCO01296 in cancer patients. We also explored its prog-
nostic value using The Cancer Genome Atlas (TCGA) to
examine different cancer types. To date, the role of
LINCO01296 in HCC is also unknown, and therefore, we
identified related genes using the Multi Experiment Matrix
and IncRNA-related protein-coding genes (PCGs) to
explore LINC01296 mechanisms using GO, KEGG, and
Protein-Protein interaction (PPI) analyses. Next, we per-
formed Cell Counting Kit-8 (CCK-8) and colony forma-
tion assays, and cell cycle analyses to assess the regulatory
mechanism of LINC01296 in HCC cell lines.

Materials and methods
Data acquisition, search strategy, and

study selection

LINCO01296 microarray data were extracted from GEO
profiles  (http://www.ncbi.nlm.nih.gov/geoprofiles/) and
GEO datasets (http://www.ncbi.nlm.nih.gov/gds/), collect-
ing only the GPL570 platform (Affymetrix Human
Genome U133 Plus 2.0 Array, HG-U133 Plus 2) that
can minimize impacts on heterogeneity in later analyses,

with the search date set to September 2018. We searched

EEINT3 EEINT3

the following words: “cancer,” “carcinoma,” “neoplasm,”
“IncRNA,” and “LINC01296.” We also searched pub-
lished articles from PubMed, Embase, and the Web of
Science, and set the search date to September 15, 2018.
The search items were: “LINC01296,” “long non-coding

EEINT3

RNA” or “IncRNA,” “cancer” or “carcinoma,” “tumor” or
“neoplasm,” and “prognosis” or “survival.”

The inclusion criteria were: (1) LINC01296 expression
in human tissues that could be calculated or identified; (2)
the association between LINCO01296 and overall survival
(OS), disease-free survival (DFS), or recurrence-free sur-
vival (RFS) was reported or could be determined; and (3)
the hazard ratios (HR) for survival data with 95% confi-
dence intervals (95% CI) were provided or could be cal-
culated with survival curves.

The exclusion criteria were: (1) Studies using non-human
subjects; (2) case reports, letters, editorials, conference reports,
and laboratory articles; (3) data for which hazard ratios (HRs)
could not be calculated; and (4) repeated studies.

Data extraction and quality assessment
Two authors (C.L. and Y. Z.) searched and assessed the
studies independently according to the following criteria:
the first author, year of publication, country, cut-off value,
number of cases, and survival data, which were included in
the extracted data. Newcastle-Ottawa-Scale criteria were
used to assess the study qualities when the NOS score was
six or higher, and we considered these articles to be high
quality; otherwise, we determined them to be low-quality.

For the GEO database, OS, DFS, RFS, survival out-
come, follow-up, cut-off values, and HR values with
a 95% CI was extracted.

Public data and tools
We performed this study according to the publication guide-
lines, which were provided by TCGA (https://cancergenome.

nih.gov). The TCGA data portal (https://portal.gdc.cancer.gov)
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and UCSC Xena project (https://xena.ucsc.edu) was used to
extract the clinical data and RNAseqV2. GEPIA software was
used to analyze the data.”> One-way ANOVA was performed
to analyze the differential expression, and the Kaplan-Meier
method was used to calculate the survival data and the log-rank
test; the HR and 95% CI is shown in the Kaplan-Meier curve
figures.

LincO1296-related genes in HCC

To determine genes related to LINC01296 in HCC, the
Multi Experiment Matrix (http://biit.cs.ut.ee/mem/) and
IncRNA-related PCGs
R software package, which used two-sided Pearson corre-

were determined using the
lation coefficients and the z-test. The PCGs positively or
negatively correlated with LINC01296 were considered to
be IncRNA-related PCGs (Pearson correlation >0.30 and
P-value <1.00E-11). Herein, we took the intersection of
the two as the target genes using R software.

Prospective mechanisms and functions of
linc01296-related genes

The molecular mechanisms and biologic functions of potential
LINCO01296 targets in HCC were identified by enrichment
analysis and pathway annotations. Gene ontology (GO) and
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway
enrichment analyses were performed using the R program
package by DAVID ( https://david.ncifcrf.gov/summary.jsp,
version 6.8) and the KOBAS website (http://kobas.cbi.pku.
edu.cn/, version 3.0).>** Cytoscape 3.0 software® (http:/
Network  Gene
Ontology (BINGO) plugins were responsible for the GO net-

www.cytoscape.org/) and Biological
work. In addition, each biological process was represented by
a node; a bigger node indicated that more genes were partici-
pating in a biological process, and a deeper color indicated
a smaller P-value regarding the biological process. If the nodes
had colors other than white, it indicated statistical significance
(P<0.05).

Protein-protein interaction network
construction

PPI network analysis was performed at the STRING
website?, and Cytoscape 3.0 software (http://www.cytos
cape.org/) with MCODE was used to select hub genes.

& Cell Biology (Shanghai, China), MHCC97H and
SMCC7721 cell lines obtained from the Cell Bank of the
Zhongshan Hospital of Fudan University (Shanghai, China),
and Hep3B and LO-2 cell lines obtained from the Cancer
Hospital of the Chinese Academy of Medical Sciences
(Beijing, China). Cells were maintained in Dulbecco’s mod-
ified Eagle’s medium (DMEM) supplemented with 10% fetal
bovine serum (Gibco, Waltham, MA USA), 100 U/ml peni-
cillin, and 100 pg/ml streptomycin (Invitrogen, Carlsbad,
CA, USA) in 5% CO, at 37 °C.

Quantitative real-time polymerase chain

reaction (qrt-pcr)

TRIzol reagent (Life Technologies, Carlsbad, CA, USA) was
used to extract the total RNA from cultured cells or tissues.
The expression of LINC0196 and other genes was measured
using qRT-PCR, for which the TagMan Reverse Transcription
kit and TagMan Universal PCR Master Mix (Thermo Fisher
Scientific, Inc.) were used according to the manufacturer’s
instructions (Applied Biosystems, Foster City, CA, USA).
(GAPDH)
expression was used as an internal control. Real-time PCR

Glyceraldehyde-3-phosphate  dehydrogenase
was repeated in triplicate (Applied Biosystems). The CT
difference between the internal control and the target gene is
presented as —ACT. AACT is the difference between the ACT
values of paired specimens. 2AACT indicates the exponential
value of ACT, and this value indicates a change in expression.

Sirna and cell transfection assay

For transient transfections, the LINC01296 negative control
(LINCO01296-NC), si-LINC01296-1# (5-GGCUGGAGAA-
UAUUUCCUATTTT-3"), and si-LINC01296-2# (5-CUGA-
AACAUAUUCCGUGGUTT-3") were used. Six-well plates
were used to culture cells in complete growth media until the
cell density reached 80%. Then, the cells were transfected with
siRNA-LINC01296 and NC siRNA using Lipofectamine
2000 transfection reagent (Thermo Fisher Scientific) accord-
ing to the manufacturer’s instructions. The transfected cells
were harvested for qRT-PCR analyses after 48 hrs.

Cell proliferation, transwell invasion, and

wound healing assays
Transfected MHCC97-H or Hep 3B cells were seeded
into 96-well plates, and cell proliferation was measured

Cell culture at 1, 2, 3, and 4 days using the CCK-8 assay (Dojindo,
We used HepG2, Huh-7, and BEL-7402 cell lines obtained = Kumamoto, Japan) according to the manufacturer’s
from the Cell Bank of the Shanghai Institute of Biochemistry  instructions. Transwell chambers (8-um pore size;
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Millipore) contained Matrigel (BD Biosciences, San
Jose, CA, USA) and were used to measure cellular
invasion. Briefly, 600 pl of complete media was added
to the bottom chamber. The transfected cells were sus-
pended in a serum-free medium, and 200 pl (4x10*
cells) of this cell suspension was added to the upper
chamber. After 24 h, the cells on the top of the mem-
brane were removed with a cotton swab. The cells on

Records identified through database
pubmed, embase and web of
science searching(n=28)

Records after duplicates removed
(n=14)

the bottom of the membrane were fixed in 95% ethanol,
and 4 g/L of crystal violet was used to stain the cells.
The cells that had adhered to the bottom of the mem-
brane were counted in five selected fields at random
using 200x magnification. The wound healing assay
was performed by adding cells with 90% confluence to
six-well plates and incubating overnight to allow the
cells to adhere. A wound was created along the center

Studies based on affymetrix
human genome U133 plus 2.0
through GEO databases(n=29)

Excluded by
abstract (n=7)

Articles reviewed based on full
text reading (n=7)

Full-text articles
excluded without
outcomes(n=1)

A

Full-text articles assessed for
eligibility(n=35)

A

25 studies included OS data
11 studies included DFS data

10 studies included RFS data

Figure | Flow diagram indicating the study selection process.

Table | Characteristics of published articles in the meta-analysis

Study Year | Country | Sample size | Tumor type | Methods Cut-off value | Survival Information | NOS score
Qiu et al”’ 2015 | China 160 CRC mircoarray | Median oS 8
Wu et al® 2017 | China 70 PC RT-PCR Median RFS 7
Qin et al'’ 2018 | China 60 GC RT-PCR Median oS 8
Wang et al'” | 2018 | China 221 ESCC RT-PCR Median OS/DFS 9
Zhang et al®® | 2018 | China 57 CCA RT-PCR Median oS 7
Jiang et al?' 2018 | China 55 BC RT-PCR Median oS 6
Yuan et al*® | 2018 | China 85 PDAC RT-PCR Median oS 8
5864  submityour manuscript OncoTargets and Therapy 2019:12
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of each well by making a scratch in the cell layer with
the tip of a 200-uL pipette. The wells were then washed
twice with phosphate-buffered saline (PBS) to remove

loose cells, and fresh media was added. At 0 and 24 h,
photographs were taken to assess cell migration into the

wound. Each experiment was repeated three times.

Table 2 OS characteristics of studies based on affymetrix human genome U133 Plus 2.0

Type of cancer GEO Year | Country No. of Outcome Follow Cut-off HR

number patients measure up(month) value
Lung Cancer GSE3141 2005 | USA Il os 87 Median 1.327(0.786-2.241)
Colon Cancer GSEI7536 | 2009 | USA 177 os 142 Median 3.549(2.221-5.672)
Colon Cancer GSE17538 | 2009 | USA 232 os 142 Median 1.106(0.738-1.666)
CLL GSE22762 | 2011 | Germany 107 os 72 Median 2.21(0.967-5.049)
Lung Cancer GSE30129 | 2011 | France 293 (6N 256 Median 1.591(1.198-2.113)
Lung Cancer GSE31210 | 2011 | Japan 226 os 128 Median 0.744(0.328-1.444)
Lung Cancer GSE37745 | 2012 | Sweden 196 os 187 Median 1.053(0.7592—1.461)
Lung Cancer GSE50081 | 2013 | Canada 181 os 144 Median 1.157(0.7352-1.821)
Breast Cancer GSE58812 [ 2015 | France 107 (6N 169 Median 1.087(0.5242-2.255)
GBM GSE7696 2008 | Switzerland | 80 os 72 Median 1.884(1.137-3.123)
Meningioma GSE16581 | 2010 [ USA 67 os I Median 1.559(0.4145-5.863)
Melanoma GSE19234 | 2009 | USA 44 os 186 Median 2.527(1.113-5.741)
Ovarian Cancer GSE19829 | 2010 | USA 28 os 115 Median 1.379(0.5057-3.762)
Breast Cancer GSE20711 | 2011 | Canada 88 (ON) 14 Median 1.243(0.5672-2.724)
DLBCL GSE23501 | 2010 | USA 69 os 72 Median 1.574(0.5304—4.669)
Lung Cancer GSE29013 | 2011 [ USA 55 os 82 Median 1.301(0.5127-3.302)
Colon Cancer GSE29623 | 2014 | USA 65 os 120 Median 1.304(0.5860-2.903)
Ovarian Cancer GSE30161 | 2012 [ USA 58 os 127 Median 1.299(2.6739-2.505)
Breast Cancer GSE48390 | 2014 | Taiwan 8l os 69 Median 3.189(0.9662-10.53)

Table 3 DFS and RFS characteristics of studies based

on affymetrix human genome U133 Plus2.0

Type of cancer GEO Year | Country No. of Outcome Follow Cut-off HR

number patients measure up(month) value
Colon Cancer GSEI4333 | 2010 | Australia 226 DFS 142 Median 1.091(0.8114-1.466)
Colon Cancer GSEI7536 | 2009 | USA 145 DFS 142 Median 1.213(0.6296-2.337)
Colon Cancer GSEI7538 | 2009 | USA 200 DFS 142 Median 2.048(0.9978-4.203)
Breast Cancer GSE21653 | 2010 | France 252 DFS 189 Median 1.18(0.7167-1.942)
Lung Cancer GSE30219 | 2013 | France 278 DFS 256 Median 1.689(1.166-2.447)
Colon Cancer GSE38832 | 2014 | USA 92 DFS Il Median 3.318(0.8901-12.37)
Lung Cancer GSE5008!1 | 2013 [ Canada 177 DFS 144 Median 1.221(0.7046-2.115)
Breast Cancer GSE6532 2007 | Canada 87 DFS 202 Median 1.313(0.6254-2.755)
Colon Cancer GSE29623 | 2014 [ USA 53 DFS 120 Median 1.076(0.29-3.992)
Breast Cancer GSE61304 | 2005 | Singapore 58 DFS 85 Median 1.717(0.6945—-4.247)
Lung Cancer GSE8894 2007 | Korea 138 RFS 138 Median 0.871(0.5468—-1.407)
Lung Cancer GSE31210 | 2011 | Japan 226 RFS 128 Median 1.156(0.708—-1.888)
Colon Cancer GSE33114 | 2011 | Netherlands | 89 RFS 118 Median 1.232(0.964-3.276)
Lung Cancer GSE37745 | 2012 | Sweden 96 RFS 178 Median 1.105(0.6296—1.941)
Breast Cancer GSE6532 2007 | Canada 87 RFS 202 Median 1.313(0.6254-2.755)
Breast Cancer GSE9195 2008 | Canada 77 RFS 135 Median 1.531(0.5153-4.547)
Breast Cancer GSE20711 | 2011 | Canada 88 RFS 14 Median 2.028(1.062-3.874)
Colon Cancer GSE31595 | 2011 | Denmark 37 RFS 209 Median 3.999(0.995-16.08)
Liver Cancer GSE40873 | 2013 | Japan 49 RFS 73 Median 1.268(0.466-3.452)
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Western blot analysis

We separated equal amounts of protein with 10% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) and then transferred the protein to polyvinylidene
fluoride (PVDF) membranes (Millipore, Bedford, MA,
USA).
with incubation in 3% non-fat milk and Tris-buffered
saline with Tween-20 (TBST) at 37 °C for 30 min.
Subsequently, the membranes were incubated for 2 h at
room temperature with antibodies against CCNA2
(1:1000, Abcam, Cambridge, UK), anti-BUB1 (1:1000,
Abcam, Cambridge, UK), anti-CDK1 (Abcam,
Cambridge, UK), and anti-GAPDH (Abcam, Cambridge,
UK). Following antibody incubations, membranes were

Non-specific protein interactions were blocked

incubated with an HRP-conjugated secondary antibody.

GAPDH was used as the endogenous control. The target
protein bands were visualized. We applied an enhanced
chemiluminescence (ECL) reagent kit (Millipore) to visua-
lize target protein bands and exposed the membrane to an
X-ray film (Fuji).

Statistical analysis

Pooled odds ratios (ORs) and HRs with 95% confidence inter-
vals (Cls) were calculated using STATA 14.2 software
(StataCorp LLC., College Station, TX, USA). The Kaplan-
Meier curve survival data in the reviewed articles were
extracted with Engauge Digitizer 10.0 software. LINC01296
and OS or DFS (RFS) associations were evaluated with fixed-
or <50%. The
HR was considered to be statistically significant if the 95% CI

or random-effects models when 12 was >50%

Study %
ID R (95% CI) Weight
GSE3141 (USA) - 1.33(0.79,2.24) 5.05
GSE17536 (USA) L —— 3.55(2.22,5.67) 0.89
GSE17538 (USA) - 1.11(0.73,1.67) 12.02
GSE22762 (Germany) " 2.21(0.97,5.05) 0.64
GSE30219 (France) - 1.59 (1.20,2.11) 12.83
GSE31210 (Japan) -~ 0.74 (0.33, 1.44) 8.62
GSE37745 (Sweden) - 1.05 (0.76, 1.46) 21.68
GSE50081 (Canada) -~ 1.16 (0.74, 1.82) 9.1
GSE58812 (France) —-— 1.09 (0.52, 2.26) 3.51
GSE7696 (Switzeriand) —— 1.88 (1.14,3.12) 2.71
GSE16581 (USA) S 1.56 (0.41,5.86) 0.36
GSE19234 (USA) —— 2.53 (1.11,5.74)  0.50
GSE19829 (USA) —— 1.38 (0.51,3.76) 1.01
GSE20711 (Canada) - 1.24 (0.57,2.72) 2.30
GSE23501 (USA) -I'I‘— 1.567 (0.51, 3.30) 1.36
GSE29013 (USA) —-— 1.30 (0.59, 2.90) 1.99
GSE29623 (USA) = 1.30 (0.67,2.51) 3.14
GSE30161 (USA) —— 1.30 (0.67,2.51) 3.14
GSE48390 (Taiwan) —— > 3.19 (0.97, 10.53) 0.12
Jiang2018 (China) —— 2.70 (1.38,5.31) 0.69
Qin2018 (China) —— 2.31(1.34,3.12) 3.35
Qiu2015 (China) ':'*— 1.95(1.10, 3.46) 1.91
Wang2018 (China) | —————— 3.78 (1.67,7.69) 0.29
Zhang2018 (China) -— 1.65 (1.07, 3.96) 1.27
Yuan 2018 (China) |—— 2.54 (1.55,4.19) 1.52
Overall (I-squared=27.7%, P=0.100) ° 1.33(1.17,1.50) 100.00
I
T ' T
-10.5 1 10.5

Figure 2 A forest plot of studies that evaluates the relationship between LINC01296 expression and overall survival (OS).
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did not overlap 1. We determined publication bias with funnel
plots and Begg’s test, and the source of heterogeneity and the
stability of results were assessed using sensitivity and subgroup
analyses. GraphPad Prism 6 (GraphPad Software, La Jolla,
USA) and SPSS 16.0 (IBM, NY, USA) software were used to
perform statistical analyses. A Student’s #-test was conducted
to determine the difference between two different groups, and
the Kruskal-Wallis H test was used to estimate the relationship
among three or more groups. All experiments were performed
in triplicate, the data are presented as the mean + standard error

of the mean (SEM), and a P<0.05 was considered statistically
significant.

Results

Study identification and characteristics

As shown in Figure 1, the published articles and GEO data-

17,19,20,21,27,28,29

bases, including a total of seven articles and

718 patients, were assessed in this meta-analysis.
Publications from 2015 to 2018 were included in the study.

The sample sizes ranged from 55 to 221, all studies were

t Y Study %
% udy HR (05% C) xeigm D HR (95% CI) Weight
|- Respiratory system L
>100 J GSE3141 (USA) - 1.33 (079, 2.24) 604
GSE3141 (USA) —-— 1.33(0.79,2.24) 505 ggggﬂ)g}g gjranc?) - 1.59 (1.20,2.11) 10.05
GSE17536 (USA o 355(2.22,567) 089 apan; ~2 074033, 1.44) 8.30
GSE17538 §USA3 -~ 111 ((0,73, 1 67)) 1202 2252(7,33? (gwedgn) bl et gyt om0
GSE22762 (Germany) —_— 221(0.97,5.05) 064 GSE29013 hf;?f; a) —_— 130 EO_SQ: 2'90; 3.00
GSE30219 (France) - 159 (1.20,2.11) 1283 Subtotal (-squared=20.2%, P=0.281) 1.18 (0.93, 1.42) 48.12
GSE31210 (Japan) -~ 0.74(0.33,1.44) 862 - '
GSE37745 (Sweden) * 1.05(0.76,1.46)  21.68 Digestive system
GSE50081 (Canada) -~ 116(0.74,1.82)  9.11 ggggggg gggﬁ; = fff(‘gg ‘5:;)’ o
GSE58812 (France) <l 1.09(052,2.26) 351 GSE29623 (USA) | 1.30 (0.67, 2.51) 430
Qiu2015 (China) [— 1.95(1.10,3.46) 1.91 Qin2018 (China) —— 231(1.34,3.12) 452
Wang2018 (China) | e 3.78(1.67,7.69)  0.29 Qiu2015 (China) [—o— 1.95 (1.10, 3.46) 289
Subtotal (/-squared=47.2%, P=0.041) 6 1.22(1.03,1.41) 7655 Wang2018 (China) - 3.78(1.67,7.69) 052
' Zhang2018 (China) 1.65 (1.07, 3.96) 204
100 1 Yuan 2018 (China) 2.54 (1.55, 4.19) 239
(SSSE7696 (Switzeriand) -o—l 1.88(1.14,3.12) 271 Subtotal (l-squared=56.9%, P=0.023) 199(135.259) e
GSE16581 (USA) T— 156(041.586) 036 Others
GSE19234 (USA) —— 253(1.11,5.74) 050 ggggggg? (ngnany) fg Eg:: gg; ;?3
sxcioemio) = mssiam o SSail oo, o812 ewin
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Figure 3 Forest plots of the overall survival (OS) subgroup analysis: subgroup analysis by (A) sample size, (B) tumor type, (C) land region, and (D) source.
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from China, all studies were of high quality according to the
NOS scores, and the characteristics of these studies are
summarized in Table 1.

As shown in Table 2, 19 GEO databases with 2264
patients were included in this meta-analysis for overall sur-
vival (OS), 10 GEO databases with 1568 patients were
included for disease-free survival (DFS), and 9 GEO studies
with 887 patients were included for recurrence-free survival
(RFS). Eleven studies from the USA, 14 studies from
Western countries, and six studies from Asia were included
in the meta-analysis. Nine different tumor types were
included in the meta-analysis, including lung cancer (n=8),

colon cancer (n=7), breast cancer (n=7), ovarian cancer
(n=3), diffuse large B-cell lymphoma (DLBCL, n=1),
chronic lymphocytic leukemia (CLL, n=1), glioblastoma
(GBM, n=1), meningioma (n=1), and melanoma (n=1).
The characteristics are summarized in Tables 2 and 3.

The association between LINCO01296 and

the overall survival rate

As shown in Figure 2, 25 studies included 2903 patients
with OS recorded according to different LINCO01296
expression levels. The fixed-effect model was performed,

Table 4 Subgroup analysis of overall survival by data source, region, tumor type, sample size

Subgroups No. of studies No. of patients pooled HR(95% CI) PHet 1%(%) P-value
Data source

Published articles 5 554 2.20(1.61, 2.80) 0.719 0.0 <0.05

GEO 19 2264 1.24(1.07, 1.41) 0416 33 <0.05
Region

USA 10 906 1.33(1.03-1.64) 0.495 0.0 <0.05

Western 7 498 1.27(1.04-1.49) 0.421 0.3 <0.05

Asian 7 860 1.89(1.08-2.70) 0.020 60.0 <0.05
Tumor type

Respiratory system 6 1062 1.18(0.93-1.42) 0.281 20.2 >0.05

Digestive system 7 972 1.88(1.24-2.51) 0.028 57.7 <0.05

Others 2 176 1.77(0.62-2.93) 0.612 0.0 >0.05
Female Reproductive system 6 417 1.34(0.84-1.83) 0.735 0.0 >0.05

Nervous system 3 191 1.94(1.07-2.80) 0.844 0.0 <0.05
Sample size

>100 I 2011 1.22(1.03, 1.41) 0.041 472 <0.05

<100 13 807 1.65(1.30, 1.99) 0.888 0.0 <0.05

Abbreviations: OR, hazard ratio; Cl, confidence interval; n, number of sample size.
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as there was no significant heterogeneity, and the pooled
HRs indicated that the high LINC01296 expression corre-
lated with poor survival (HR=1.33, 95% CI=1.17, 1.50,
P<0.01, fixed effect, Figure 2).

Next, we performed subgroup analyses according to the
data source, land region, cancer type, and sample size to
analyze the source of heterogeneity, as shown in Figure 3
and Table 4. For studies evaluating OS with different data

sources, the pooled HRs indicated that increased LINC01296
expression could estimate the worst outcomes of the pub-
lished articles (high: low: HR=2.26, 95% CI=1.72, 2.80,
P<0.05, Figure 3A). The subgroup analysis indicated that
similar results were obtained for all of the regions examined
(USA, high: low: HR=1.33, 95% CI=1.03, 1.64, P<0.05,
Figure 3B), (Western, high: low: HR=1.27, 95% CI=1.04,
1.49, P<0.05, Figure 3B), (Asia, high: low: HR=1.53, 95%

Study * Study i
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Figure 5 Forest plots, sensitivity, and Begg'’s publication bias plots regarding studies where the relationship between LINC01296 expression and (A, C, E) disease-free

survival (DFS) rates, and (B, D, F) recurrence-free survival were investigated.
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CI=1.14, 1.91, P<0.05, Figure 3B). Interestingly, when we
performed subgroup analyses based on the tumor type,
increased LINC01296 expression was related to poor OS
only in tumors of the digestive (high: low: HR=1.95, 95%
CI=1.35, 2.55, P<0.05, Figure 3C) and nervous systems
(high: low: HR=1.94, 95% CI=1.07, 2.80, P<0.05,
Figure 3C); however, LINC01296 expression was not related
to OS in tumors of the respiratory tracts, female reproductive
systems, and a few other tumor types, which indicated that
LINCO01296 expression could have different roles in various
cancers. Additionally, the subgroup analysis broken down by
sample size showed that both subgroups exhibited similar
results (Figure 3D). Also, the subgroup heterogeneity analy-
sis was significant in the Asian and digestive system groups,
which indicated that the OS heterogeneity could be caused by
tumor type and land region.

We also performed a sensitivity analysis (Figure 4A) and
Begg’s test (Figure 4B, p=0.455) to explore the robustness of
the pooled results and publication bias. The analyses indicated
that the results were reliable, and there was no publication bias.

Association between LINCO01296 and the

disease-free (recurrence-free) survival rate
We also assessed the relationship between LINCO01296
expression and the disease-free rate (DFS). Eleven studies
containing 1889 patients were included in this meta-analysis,
and the pooled results indicated that the expression of
LINC01296 was related to poor DFS (high: low: HR=1.25,
95% CI=1.03, 1.48, p<0.05, Figure 5A). However, ten stu-
dies with 957 patients showed that LINC01296 expression
and recurrence-free survival rate (RFS) were not significantly
associated (high: low: HR=1.10, 95% CI=0.83, 1.37, p<0.05,
Figure 5B). Additionally, the sensitivity analysis (Figure 5C
and D) indicated that the results were reliable and that there
was no publication bias (Figure 5E and F).

Validation of the cancer genome atlas

dataset results
Next, we examined LINC01296 expression in all cancer
types in the TCGA dataset. As shown in Figure 6A,
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Figure 6 Validation of LINC01296 expression in The Cancer Genome Atlas (TCGA) cohort. (A). LINCO0I296 expression in bladder urothelial carcinoma (BLCA),
cholangiocarcinoma (CHOL), esophageal carcinoma (ESCA), head and neck squamous cell carcinoma (HNBC), liver hepatocellular carcinoma (LIHC), lung adenocarcinoma
(LUAD), kidney renal clear cell carcinoma (KIRC), lung squamous cell carcinoma (LUSC), stomach adenocarcinoma (STAD), and uterine corpus endometrial carcinoma
(UCEC). “*” indicates a log2FC value >1 and a P-value <0.01 in the TCGA cohort. (B) Overall survival plots of LINC01296 expression in the TCGA cohort (n=9502, log-
rank P<0.01). (C) Disease-free survival plots of LINC01296 expression in the TCGA cohort (n=9502, log-rank P<0.01).

submit your manuscript

5870

Dove

OncoTargets and Therapy 2019:12


http://www.dovepress.com
http://www.dovepress.com

Dove

Liang et al

LINC01296 was also overexpressed in bladder urothelial
carcinoma (BLCA), head and neck squamous cell carcinoma
(HNBC), cholangiocarcinoma (CHOL), esophageal carci-
noma (ESCA), kidney renal clear cell carcinoma (KIRC),
lung adenocarcinoma (LUAD), stomach adenocarcinoma
(STAD), liver hepatocellular carcinoma (LIHC), lung squa-
mous cell carcinoma (LUSC), and uterine corpus endome-
trial carcinoma (UCEC) with a |log2FC| cutoff >1, and
a g-value <0.01. We merged the expression data and DFS
data of several cancer types including digestive, respiratory,
female reproductive, blood, and urinary systems with a total
of 9502 patients that were divided into high- or low-
expressing groups according to LINC01296 expression.
The results indicated that LINC01296 expression was corre-
lated with poor OS (Figure 6B) and DFS (Figure 6C).

We also explored the prognostic role of LINC01296
in different tumor types. As shown in Figure S1,
LINCO01296 expression was associated with poor OS
in gastrointestinal (GI) (Figure S1A), hepatobiliary and
pancreatic (Figure S1C), urinary (Figure S1E), female
S1G),
(Figure S1I) cancers; however, LINC01296 expression

reproductive (Figure and head and neck
was not correlated with OS in cancers of the respira-
tory tract (Figure S1K). LINCO01296 expression also
indicated poor DFS in GI (Figure S1B), urinary
(Figure S1F), female reproductive (Figure S1I), and
head and neck (Figure S1J) cancers; however,
LINCO01296 expression was not related to DFS in hepa-
tobiliary, pancreatic (Figure S1D), and respiratory

tumors (Figure S1L).

Table 5 Expression of LINC01296 and clinicopathological parameters in HCC

Clinicopathological features N LINCO01296 relative expression(Mean £ SD) T p-value
Tissue
Tumor 374 16.35+1.043 —5.406 <0.001
Normal 50 0.9142+0.1833
Age
<60 171 16.90+1.605 0.4815 0.6304
260 203 15.89+1.368
Gender
Male 252 16.93£1.296 0.8012 0.4235
Female 122 15.15+1.748
Race
White 185 12.93£1.260 3.394 0.008
Asian 160 20.33+1.260
Pathological stage
-1l 259 15.86+1.215 1.047 0.296
-v 91 18.46+2.368
H+1v 40 28.53+4.519
AJCC pathological T
TI 182 14.73£1.365 1.545 0.1232
T2-T4 189 17.97+1.583
T3-T4 43 27.67+4.330
AJCC pathological N
NO 255 16.91£1.276 0.7404 0.4595
NI Nx 118 15.24+1.824
AJCC pathological M
MO 269 17.33£1.276 1.501 0.1341
M1 Mx 105 13.85£1.748
Differentiation Grade
GI-G2 233 15.35£1.318 1.339 0.1814
G3-G4 136 18.27£1.753
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Figure 7 The enriched annotation pathway analysis of potential genes targeted by LINC01296 in HCC. (A) A Venn diagram that shows overlap between the number of
predicted target genes using the Multi Experiment Matrix (MEM) and IncRNA-related protein-coding genes (corlncRNA) and the R software package. (B) The significantly
enriched annotation of the Gene Ontology (GO) categories. (C) The significantly enriched annotation of the KEGG pathway analysis. (D) The KEGG pathway map
illustrating the cell cycle signaling pathway in humans as determined with the DAVID 6.8 database (https://david.ncifc rf.gov/).

Table 6 The GO analysis of predicted target genes of LINC01296

GO ID Term Count P-value
GO:0140097 catalytic activity, acting on DNA 33 2.84E-18
GO:0008094 DNA-dependent ATPase activity 19 1.12E-12
GO:0004386 helicase activity 24 1.81E-12
GO:0016887 ATPase activity 37 8.68E-11
GO:0003678 DNA helicase activity 14 9.63E-11
GO:0043142 single-stranded DNA-dependent ATPase activity 8 3.51E-09
GO:0015631 tubulin binding 28 4.47E-09
GO:0008017 microtubule binding 23 2.34E-08
GO:0042623 ATPase activity, coupled 28 1.59E-07
GO:0003697 single-stranded DNA binding 15 3.66E-07
The clinicopathologic signiﬁcance of in HCC based on the TCGA database and elucidated its

LINCO1296 in h epatoc ellular carcinoma functions using bioinformatics and in vitro validation.

Several studies have examined LINC01296 expression in First, we analyzed the relationships between

LINCO01296 expression and the clinicopathologic charac-
teristics of HCC in the TCGA database. As shown in
Table 5, LINC01296 was overexpressed in tumor tissues

cancer. In the current study, we assessed the prognostic role
of LINCO01296 in various tumors. Because the underlying
mechanism of LINC01296 in HCC has not been identified,

we explored the clinicopathologic significance of LINC01296 compared with normal tissues. Next, we divided
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Table 7 Pathway analysis of the predicted target genes of

LINCO01296 in HCC

Title Description Count | Adjust
p-value
Hsa04110 [ Cell cycle 31 |.81E-14
Hsa03030 [ DNA replication 15 2.8IE-14
Hsa00240 | Pyrimidine metabolism 14 2.34E-06
Hsa04114 | Oocyte meiosis 14 2.39E-05
Hsa04914 | Progesterone-mediated oocyte | 12 5.90E-05
maturation
Hsa03460 | Fanconi anemia pathway 9 6.30E-05
Hsa03440 | Homologous recombination 8 6.30E-05
Hsa04218 | Cellular senescence 14 0.00025104
Hsa03013 [ RNA transport 14 0.00047537
Hsa04115 | p53 signaling pathway 8 0.00285594
Hsa03040 | Spliceosome I 0.00285594
Hsa03430 | Mismatch repair 4 0.02091851

LINCO01296 expression into high and low groups accord-
ing to the median expression. However, the results
showed that LINCO01296 expression was not related to

Figure 8 The selected LINC01296 hub-related genes.

gender, age, pathologic stage, tumor size, or differentia-
tion grade.

Identification of linc01296-related genes
in hepatocellular carcinoma with GO
enrichments, KEGG pathway analyses,
and protein-protein interaction (PPI)

networks

To explore the potential LINC01296 mechanisms involved
in HCC, we used two independent programs that could
identify LINC01296-related genes, including the Multi
Experiment Matrix (MEM) and IncRNA-related protein-
coding genes (corlncRNA) using the R software package.
There were 1128 LINC01296-related genes in the Multi
Experiment Matrix when we set the score at 10°%, and the
number of corlncRNAs was 1804. The Venn diagram is
shown in Figure 7A, which shows that it was noted that
394 genes were LINCO01296-related genes in HCC.
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BUBI, (C) CCNA?, (D) CDKI, (E) CEP55, and (F) DLGAPS.

We performed GO analysis using the R software package
based on DAVID (https://david.ncifcrf.gov/summary.jsp,
version 6.8), where ten of the most significant biologic pro-
cesses are summarized as having ATPase- and DNA-related
functions (Table 6 and Figure 7B). Next, we conducted
KEGG pathway analyses, and the ten most significant signal-
ing pathways were identified that included cell cycle, DNA
replication, and the p53 signaling pathway (Table 7 and
Figure 7C). The most enriched signaling pathway was the
KEGG pathway of the cell cycle, and related genes are
shown in Figure 7D.

We also conducted a BINGO analysis on the 394
LINCO01296-related genes that included three parts:
a biological process, a cellular component, and
a molecular function. As shown in Figure S2-S4, the
LINCO01296-related genes were enriched in the cell cycle,
cell cycle processes, and cellular proliferation.

Furthermore, we performed protein-protein interac-
tions and selected several hub genes using MCODE
with Cytoscape 3.0. First, we selected 114 hub genes,
for which the PPI of these genes is shown in Figure S5.

Then, we identified 20 hub genes including BUBI,

CDKN3, TOP2A, CCNB2, DLGAPS, TTK, ASPM,
PBK, MEKL, CEP55, BUBIB, CCNBI1, EXOI, and
ZWINT (Figure 8), for which the relationships between
LINCO01296 and gene expression for some of these
genes are shown in Figure 9 and include ASPM
(Figure 9A), BUBI (Figure 9B), CCNA2 (Figure 9C),
CDKI1 (Figure 9D), CEP55 (Figure 9E), and CLGAPS
(Figure 9F).

LINCO1296 downregulation suppresses
cell proliferation, invasion, and migration
of several hepatocellular carcinoma cell

lines

We next explored the molecular mechanisms of
LINCO01296 in HCC cell lines. For these experiments,
we examined LINC01296 expression in six HCC cell
lines (HepG2, SMCC7721, MHCC97H, BEL-7402,
Hep3B, and Huh-7) and a normal liver cell line
(LO-2) using qRT-PCR. As shown in Figure 10A,
LINCO01296 expression in HCC cell lines was signifi-
cantly higher compared with that of the LO-2 cell line
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Figure 10 (A) LINCO01296 expression in different HCC cell lines and the normal liver cell line, LO-2, was measured using qRT-PCR, (B) MHCC97H and Hep 3B cells were
transfected with siRNA(si)-negative control (NC), si-LINC-01296—-1#, and si-LINC01296-2#, and the CCK-8 assay was performed in (C) MHCC97H and (D) Hep 3B cells.

Notes: *P<0.05, **P<0.01.

(P<0.05), and LINCO01296 expression was highest in
the MHCC97H and Hep 3B cell lines. Therefore, we
used the MHCC97H and Hep3B cell lines for the sub-
sequent experiments. We transfected two interfering
oligonucleotides to downregulate LINC01296 expres-
sion in MHCC97H and Hep3B cells, and as shown in
Figure 10B, LINCO01296 expression was significantly
decreased compared with the LO-2 cell line.

The CCK-8 assay indicated that LINC01296 down-
regulation inhibited proliferation of the HCC cell
lines (Figure 10C and D), which demonstrated that
LINCO01296 promoted the proliferation of the HCC
cell lines.

LINCO01296 downregulation suppressed the ability of
the HCC cells to migrate as shown by the wound healing
assay (Figure 11A). The Transwell assay indicated that
silencing LINC01296 inhibited invasion by the HCC cell
lines (Figure 11B). Overall, these functional experiments
revealed that when LINCO01296 was downregulated, cell
proliferation, invasion, and migration of the HCC cell lines
were inhibited.

LINCO1296 downregulation increased
apoptosis and inhibited cell cycle

progression in HCC cell lines

To identify the effect of LINC01296 on apoptosis and the
cell cycle in HCC cell lines, flow cytometry was performed.
A proportion of apoptotic cells in the LINC01296 knock-
down groups was shown to be markedly increased com-
pared with that of the control group (Figure 12A).
Moreover, the number of cells in the GO/G1 phase of the
cell cycle increased in LINCO01296-downregulated groups
compared with that of the control group (Figure 12B).
Opverall, these results showed that LINC01296 downregula-
tion promoted apoptosis of HCC cell lines and arrested the
cells in the G0/G1 phase of the cell cycle.

CCNA2, CDKI, and BUBI act as

LINCO1296 gene targets

The bioinformatic analysis revealed that CCNA2, CDK1,
and BUB1 were the LINC01296 hub related genes.
Because the Pearson’s correlation analysis showed that
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Figure 11 LINC01296 knockdown inhibited the migration and invasion of MHCC97H and Hep 3B cells. (A) Cell migration was determined by wound healing assays in MHCC97H
and Hep 3B cells transfected with Si-NC, Si-LINC01296-1, and Si-LINC01296-2. (B) Cell invasion was determined in MHCC97H and Hep 3B cells transfected with siRNA (si)-
negative control (NC), si-LINCO01296-1# and si-LINC01296-2# by Transwell invasion assays. The data are presented as the mean # standard deviation. *P<0.05.

CCNA2, CDK1, and BUBI1 were also significantly related
to LINCO01296 expression, we performed Western blot
analysis to confirm these findings. The results are shown
in Figure 13, and reveal that LINC01296 downregulation
suppressed CDK 1, BUBI, and CCNA2 expression, which
indicated that these genes were likely LINC01296 target
genes.

Discussion

In this study, we performed a comprehensive analysis
including data mining, meta-analysis, bioinformatics, and
in vitro validation analyses. First, we conducted a meta-
analysis by combining published articles and GEO data-
sets. The pooled results of the meta-analysis indicated that
LINCO01296 expression was associated with a poor OS and
DFS; however, no significant relationship between
LINC01296 and RFS was found. The results of TCGA
were consistent with the meta-analysis, which again
showed that LINC01296 expression was related to poor
OS and RFS in different tumor types.

Our meta-analysis had several limitations. First, there
were some inconsistencies between the meta-analysis and
TCGA dataset analysis, and this may be caused by differ-
ent regions and races. Second, published studies included

in the meta-analysis reported positive results, and there
may be some unpublished articles with negative results,
which could cause publication bias. Third, the heterogene-
ity of the OS subgroup analysis regarding the Asian popu-
lation and digestive system groups were significant,
indicating that heterogeneity could be caused by region
and tumor type. Fourth, the follow-up time, race, land
region, and sample size from the included articles were
heterogeneous, indicating that additional studies with iden-
tical ethnic groups, regions and follow-up times are
needed.

Recently, several studies demonstrated that aberrant
LINCO01296 expression plays a critical role in the bio-
logical processes of cancer progression and develop-
ment. In prostate cancer, Wu et al reported that
knockdown of LINC01296 expression inhibited cell pro-
liferation, migration, and invasion of a prostate cancer
cell line through the regulation of PI3K-Akt-mTOR
signaling and the epithelial-mesenchymal transition.?®
In gastric cancer, Qin et al indicated that LINC01296
had an oncogenic role in the carcinogenesis of gastric
tumor cells through the LINC01296/miR-122/MMP-9
axis.'” Zhang et al demonstrated that LINC01296 pro-
moted tumor progression and development by attaching
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Figure 12 LINCO01296 knockdown promoted cellular apoptosis. (A) Cellular apoptosis was measured in MHCC97H and Hep3B cells transfected with SIRNA (Si)-negative
control (NC), si-LINC01296-1# or si-LINC01296-2# by staining with Annexin V/PIl. (B) The cell cycle distribution was determined with flow cytometry. The data are
presented as the mean * standard deviation. *P<0.05, **P<0.01, and ***P<0.001 vs Si-NC.

to miR-5095 in human cholangiocarcinoma. Similarly,
LINC01296 acts as an oncogene in several different
tumors such as ESCC,17 colon carcinoma,30 pancreatic
ductal adenocarcinoma,’® osteosarcoma,'® and non-small
cell lung cancer.’’

Wan et al.’> indicated that LINC01296 could mod-
ulate epithelial-mesenchymal transition (EMT) activity
by sponging miR-122-5P; however, the current study
did not explore the effect of LINC01296 on cell cycle
and apoptosis in HCC. We performed bioinformatics
analysis to explore potential LINC01296 mechanisms
in HCC by first collecting genes related to
LINC01296. GO and KEGG analyses showed that
enriched genes related to LINC01296 could be asso-
ciated with ATPase and the genes of cancer progression,
such as those of the cell cycle. Next, PPI network
evaluations identified 20 hub genes that encompassed
the core-related genes of LINC01296, and a correlation

between LINCO01296 and the hub genes was found in
the TCGA database. Among these hub genes, most were
associated with cell cycle, which included CCNBI,*
CDK1,** BUBI,* ZWINT,*® and CCNA2.*” This was
found to be consistent with our bioinformatic analysis;
therefore, LINC01296 could play a vital role in HCC
progression and development. Our in vitro experiments
indicated that LINCO01296 downregulation inhibited
HCC cell proliferation, invasion, migration; additionally,
it promoted cellular apoptosis, and caused HCC cell
cycle arrest in the GO/G1 phase. We also found that
LINCO01296 downregulation decreased CDK1, CCNA2,
and BUBI expression, which indicated that LINC01296
might have an oncogenic role in HCC through the
CDK1, CCNBI1, or BUBI genes. However, additional
studies are needed to fully elucidate the molecular
mechanisms of LINCO01296 in HCC progression and
development.
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Conclusion

We demonstrated that high LINC01296 expression was
related to poor OS and DFS in several different cancer
types. We also reported that LINC01296 expression was
higher in HCC cells compared with normal liver cell
lines, and LINCO01296 has an oncogenic role in HCC as
evidenced by bioinformatics analysis and in vitro
experimentation. Thus, we believe that LINC01296
could be a potential prognostic biomarker in patients
with HCC and several other tumor types. This is the
first comprehensive analysis to explore the prognostic

value of LINCO01296 in several different cancers types
and elaborate on its potential mechanism of action
in HCC.

Abbreviations list

IncRNAs (long non-coding RNAs); GEO (Gene
Expression Omnibus); OS (overall survival); DFS (dis-
ease-free survival); RFS (recurrence-free survival); HR
(hazard ratio); CI (confidence interval); GBM (glioblas-
toma); CLL (chronic lymphocytic leukemia); DLBCL (dif-
fuse large B-cell lymphoma).
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Figure S| Validation of LINCO01296 expression in The Cancer Genome Atlas (TCGA) cohort. (A) Overall survival plots of LINC01296 expression in TCGA cohort of
gastrointestinal (GI) cancer patients (n=927, log-rank P<0.001). (B) Disease-free survival plots of TCGA cohort in Gl tumors (n=930, long-rank P<0.001). (C) Overall
survival plots regarding LINCO01296 expression in TCGA cohort of hepatobiliary and pancreatic cancer patients (=578, log-rank P=0.0018). (D) Disease-free survival plots
of TCGA cohort of hepatobiliary and pancreatic cancer patients (n=578, log-rank P=0.19). (E) Overall survival plots for LINC01296 expression in TCGA cohort of urinary
cancer patients (n=1758, log-rank=0.0076). (F) Disease-free survival plots of TCGA cohort of urinary cancer patients (n=1758, log-rank<0.001). (G) Overall survival plots
of LINC01296 in TCGA cohort of female reproductive cancer patients (n=2018, log-rank p=0.0014). (H) Disease-free survival plots of TCGA cohort of female reproductive
cancer patients (n=2018, log-rank p<0.001). (I) Overall survival plots of LINC01296 in TCGA cohort of head and neck cancer patients (n=1030, log-rank P<0.001). (J)
Disease-free survival plots of TCGA cohort of head and neck cancer patients (n=1030, log-rank P<0.001). (K) Overall survival plots of LINC01296 in TCGA cohort of
respiratory cancer patients (n=962, log-rank P=0.2). (L) Disease-free survival plots of TCGA cohort of respiratory cancer patients (n=962, log-rank P=0.77).
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Figure S2 Network of the Biological Network Gene Ontology (BINGO) analysis of the LINC01296 genes related to biological processes.
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Figure S3 Biological Network Gene Ontology (BINGO) analysis of LINC01296 related to molecular function genes.
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Figure S4 Network in Biological Network Gene Ontology (BINGO) analysis of LINC01296 related to cellular component genes.
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Figure S5 Protein-protein interactions of the LINC01296-related hub genes.
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