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ABSTRACT

Background:Epitheliakmesenchymalransition (EMT)plays a critical role in the recurrenceand metastasisof
hepatocellular carcinoma (HCC).Some long noncoding (Inc)RNAsare involved in this processthrough the
regulation of EMT-related transcription factors.

Methods: In this study, we establisheda novel EMTrelated IncRNAsignaturein HCGand identified hub INcRNA
that can serve as potential therapeutic targets. Differentially expressedncRNAswere identified by screening
HCCQpatient data from The CancerGenomeAtlas, and a correlation analysiswas performed to identify those
associatedvith EMT.TheEMTrelated IncRNAsignaturewas establishedby univariate, leastabsdute shrinkage
and selectionoperator, and multivariate CoxregressionanalysesAfter verifying the prognosticaccuracyof the
signature, its relationships to immune cell infiltration and immune checkpoint targets were explored
LINCO1116vasidentified asahub IncRNAandits role in HCGvasinvestigatedin vitro andin vivo.

Results:A 5-IncRNAsignature was developed for HCCand its prognostic accuracywas assessedy survival
time-dependentreceiver operating characteristiccurve, clinical correlation, and Coxregressionanalyses.The
correlation analysisshowed that the IncRNAsignature was closelyrelated to immune cell infiltration and 10
immune checkpointtargets and also predicted the prognosisof HC(atients with high accuracyIn vitro andin
vivo experiments revealed that LINCO1116stimulated cell proliferation, cell cycle progression,and tumor
metastasis.We alsofound that LINCO1116vascloselyrelated to immune regulation.
ConclusionsTheseresultsdemonstratethat LINC01116s an immune-related oncogenethat is associatedwith
both EMTandimmune regulationin HCCMoreover, the EMTrelated IncRNAsignaturethat includesLINC0111
canguiderisk stratification and clinicaldecisionmakingin HCOnanagement.

INTRODUCTION worldwide [1]. Hepatocellular carcinoma (HCC), the
most common type of liver cancer, is ofdiagnosed at

Liver cancer is among the most deadly tumors and the relatively advanced stages, such that patients miss the

second leading cause of cancelated mortality optimal time window for surgery[2]. Even after

Go6D-A A2 Y MOTO ! DLb D


mailto:wangping_dr@126.com
https://orcid.org/0000-0001-5834-5114
https://orcid.org/0000-0001-5834-5114
mailto:lianghuifang1997@126.com
https://orcid.org/0000-0001-6874-3634
mailto:baiyu19861104@163.com
https://orcid.org/0000-0002-7251-0275
https://creativecommons.org/licenses/by/3.0/
https://creativecommons.org/licenses/by/3.0/

surgical resection and standardized treatment, the
incidence of recurrence and distant metastasis in HCC
remain high[3]. At advanced stas, there are few
treatment options and the prognosis is poor. Clarifying
the mechanism of HCC progression can identify novel
diagnostic and prognostic biomarkers for improved
clinical outcomes.

The regulation of epithelisinesenchymal transition
(EMT), a hallmark of cancer, is an important
mechanism underlying HCC metastafi$6]. Tumor
epithelial cells lose contact with each other and gain
motility as a result of the dissolution of deléll
junctions formed by Eadherin, and spread to adjacent
and digant tissues[7]. Transforming growth factor
(TGF)b i s invol ved i n bot
carcinogenesis through the regulation of EMT. EMT
markers such as -& a d h e {catemin, and mucin
(MUC)15 related to vascular invasion and poor
differentiation are aberrantly expressed in HCC patients
[8] and are promising markers for HCC diagnosis and
treatment.

Abnormal expression of long nondad (Inc)RNAs
has been observed in multiple types of cancer. Some
INcRNASs participate in EMT through interaction with
transcriptional regulators. For example, the IncRNA
homeobox antisense intergenic RNA (HOTAIR)

modulates the interaction between SNAIL and
enhancer of zeste homolog (EZH)2 via a
SNAIL/HOTAIR/EZH2 repressor complex that

promotes EMT[9], while the IncRNA metastasis
associated lung adenocarcinoma transcript (MALAT)1
acts as an oncogene by interacting with EZH2 or
functioning as a competing eogenous (ce)RNA for
several members of the miBO0 micro (Mi)RNA
family that negatively regulate EMmelated factors
[10]. Additionally, the IncRNA H19 regulates multiple
genes involved in EMT progression by acting as a
ceRNA[11].

EMT-associated gene meld have been developed to
predict HCC prognosigt, 12]. However, the functions
and prognostic value of EMrelated IncRNAs have not
been systematically investigated. In this study, we
developed an EMTelated IncRNA signature for
predicting HCC prognosiasing data from The Cancer
Genome Atlas (TCGA) database. We validated the
prognostic value of the signature and investigated its
relationship with immune cell infiltratierand immune
checkpointrelated factors. Finally, we explored the role
of 5 hub IncRNAs in HCC and the function of one of
these (LINC01116)n vitro and in vivo. Our results
demonstrate for the first time that LINC01116 acts as an
immunerelated oncogene in HCC and has clinical
utility as a prognostic biomarker.

MATERIALS AND METHODS
Data collection and processing

Gene expression data of 424 samples including 374
tumor and 50 normal samples and clinical information
of 374 HCC patients were downloaded from TCGA
database. LncRNAs and mRNAs were identified from
RNA sequence data based omeatations in the human
GENCODE dat abase. The fedg
software was used to identify differentially expressed
IncRNAs with the threshold P value <0.05 and |log(fold
change)|>2. Additionally, the data of 368 HCC patients
with complete clinical iformation were randomly
divided into training and validation sets at a 1:1 ratio.
Mhe clinicabchagagteisties ®fithe 2 gréupsdvere similar.

EMT -related IncRNA identification

EMT-related genes were obtained from the
HALLMARK_EPITHELIAL_MESENCHYMAL_TRA
NSITION gene set in Molecular Signatures Database
V7.4 (ttps://www.gseansigdb.org/gsea/msiggbEMT-
related INCRNAs were identified by correlation analysis

based on a P value <0.001 and absolute sBear
coefficient >0.4.

Construction of the EMT-related INCRNA signature

A flow diagram of the study is shown in Figureld.

order to establish an EMrelated INcCRNA signature for
predicting prognosis in HCC, we carried out a
univariate Cox regression dpsis to screen prognostic
IncRNAs (P<0.05), followed by least absolute shrinkage

and selection operator (LASSO) penalized Cox
regression and multivariate Cox regression analyses to
select those that were relevant. The IncCRNA expression
leveland regressio coef fi ci ent b fror
Cox regression results were used to develop the
foll owing equation: ri sk sc
expression+b |l ncRNA2T | nc RN,
INcRNA nxIncRNA n expression. After assessing the
prognostic value of the sigat ur e, t he
package in R was used to determine the optimal cutoff
value for dividing patients into highand lowrisk
groups.

fi St

Validation of the prognostic significance of EMF
related INcRNAs

The prognostic value of the EMElated IncRNA
signature was verified by Kaplakeier and receiver
operating characteristic (ROC) curve analyses in the
training and validation sets and in the combined dataset
(i.e.,, the whole patient population). The relationship
between risk score and survival presented as a risk
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score distribution map and IncRNA expression
heatmap. Combined with other clinical characteristics
of HCC patients, uniand multivariate Cox regression
analyses were carried out to determine whether the risk
score was an independeptognostic factor in HCC.
The prognostic accuracy of the signature and other
clinical features in all groups was verified by ROC
curve analysis.

Analysis of the relationship between the prognostic
signature, immune cell infiltration, and immune
checkpoirt targets

The CIBERSORT algorithm was used to analyze the
abundance of 22 types of turdafiltrating immune cell
(THC) and Tumor Immune Estimation Resource
(TIMER) was used to calculate the abundance of 6
different types of TIIC. The association betweibe
IncRNA signature and the different types of TIIC was
analyzed to determine whether the signature can predict
immune cell infiltration in HCC.

The success of programmed death ®Iprogrammed
death ligand (PEL)1 and cytotoxic FHlymphocyte
antigen (QLA)-4 blockade for HCC treatment has

[ TCGA LIHC RNA-seq data }

[ DEIncRNAs J

intensified research efforts to identify novel immune
checkpoint targets. In this study, we examined
established targets as well as those with therapeutic
potential such as -Tell immunoglobulin and mucin
domaincontaning  (TIM)-3, indoleamine  2;3
dioxygenase (IDO)1, glucocorticeidduced tumor
necrosis factor receptoelated (GITR), histone
deacetylase (HDAC)2, Bfristone (H)3, and Momain

Ig suppressor of T cell activation (VISTAL3i 15]. In
order to evaluate thmle of the IncCRNA signature in the
treatment response to immune checkpoint blockade
(ICB), we performed a correlation analysis between the
signature and the expression level of 10 immune
checkpoint targets in HCC.

Tissue specimens and cell culture

We collected 50 paired HCC tissue and adjacent
nontumor tissue samples from patients who underwent
hepatectomy betweendch2016 and October 2017 at
the Hepatic Surgery Center of Tongji Hospital. OS
information was collected through electronic medical
records or telephone follewp. Informed consent forms

to donate their tissue samples for biomedical research,
which were appreed by the ethics committee of Tongji

[ MsigDB database J

200 EMT-related
genes

[ 335 EMT-related IncRNAs(|R| > 0.4 and P < 0.001) ’

v

[ Univariate Cox regression analysis J

LASSO

[ Multivariate Cox regression analysis ’

experiments

Y

[ In vitro and in vivo }

[ EMT-IncRNA signature J—b[ Hub IncRNA LINC01116 ’

/

[Validation in testing and} L PCA

entire group K%%G

T !

immune cell infiltration

f Correlation analyses with 1
and immune checkpoint targets

Figure 1. Te flow chart of this study.
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Hospital, were signed by all patients.Huh7 and- SK and wound healing assays and cell cycle analysis were
Hepl HCC cell lines were purchased from the Liver carried out as previously describd®].
Cancer Institute of Fudan University (Shanghdiin@).

The cells were cultured i nStdhstitshralgssods Modi fied Eagl ed.

Medium supplemented with 10% fetal bovine serum at

37°C and 5% CQ Data analysis were conducted using R software (version
3.6.3) and Prism 7.0 software. Data are presented as

Immunofluorescence analysis mean * SD. Qualitate variables were analyzed by
Student's t test, ongay ANOVA and Pearson

HCC cells were cultured on coverslips in24ll plates correlation test were used to analyze qualitative variables.

for 24 h. After 3 washes with phosphéatdaffered saline, P<0.05 was considered to be statistically significant.

the cells were fixed with 4% paraformaldehyde for 15 min

and permeabilized with 0.1% Triton-200 for 10 min. Data availability statement

After culturing in medium containing 1% bovine serum
albumin for 2 h, the cells were incubated overnight at 4° C  Publicly available datasets were analyzed in this study.

with rabbit anii E-cadherin and mouse awimentin The data are accessible at the following repositories:

antibodies and then labeled with Alexa Fluor 568488 https://portal.gdc.cancer.gov/repository

conjugated secondary antibody (from different species)

for 2 h. Cel | n u c tdiamiding2e r e Hhicastatemeht wi t h 4 Nj, 6

phenylindole for 10 min. The coverslips were mednt

and observed with a confocal microscope. This research protocol waapproved by the ethical
committee of Tongji Hospital and a consent form was

Fluorescencen situ hybridization (FISH) signed by each participating patient.

Cells were cultured on coverslips in -@ll plates. RESULTS

LINC01116 was detected in HCC cells by FISH using a
probe and commercial kit from RiboBio (Guangzhou, Identification of EMT -related IncRNAs

China) according to the manufacturerds instructions.

labeled cells were observed with a confonaroscope. Using a cutoff of [logfold change}2 and P<0.05, we
identified 1283 differentially expressedncRNAs (84

Xenograft tumor model downregulated and 1199 upregulated) in 374 HCC

' o samples compared to 50 normal samples. The top 50
Male BALB/c nude mice (4 weeks old, weighing 15 g)  IncRNAs were used to construct a heatmapufgigA).

were maintained under specific pathoge® conditions. We also identified 200 EMTelated genes from the
Huh7 cells transfected with empty vector or LINC01116  Molecular Signatures @abase; by correlation analysis,
overexpression plasmid (3*%)Owere subcutaneously 335 EMTrelated IncRNAs were identified based

injected into the back of the mice on the right and left on a threshold of P<0.001 and absolute Pearson
sides, respectively. Tumor growth was observed every 3 coefficient >0.4.
days and tumors were harvested after 3 weeks.

Construction of the EMT-related IncRNA signature
Immunohistochemistry in HCC

Tumor tissues from mice were fixed in 4% A total of 368 TCGA HCC patients with complete

paraformaldehyde solution and then dehyett in ethanol clinical information were randomly assigned to the
solutions, embedded in paraffin, and cut into sections that training (n=197) and validation (n=171) sets. In order to
were incubated overnight at 4° C with primary antibodies  identify IncRNAs with prognostic value in HCC, the

against Ki67, vimentin, and -8adherin followed by EMT-related IncRNAs were evaluated by univariate Cox
horseradish peroxidas®njugated secondary antibody for analysis;180 were found to be significantly related to the
1 h at room temerature. Images of representative fields  overall survival (OS) of HCC patients. LASSO and

were acquired with a C1 Digital ECLIPSE microscope. multivariate Cox regression analyses wpegformed to
select and validate the prognostic IncCRNrthe training

Cell proliferation and migration assays and cell cycle cohort (Figure 2B). An EM¥elated prognostic INcRNA

analysis signature for HCC was established based on the
regression coefficients and expression levels of these

The cell proliferation (Cell Counting Kit [CCK§), 5 IncRNAs that included AC011352.3, AC009005.1,

ethynyl2 -Ngoxyuridine (EdU), transwell igration, AC025176.1, AP002478.1, and LINC01116.
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Figure 2(A) The top 50 of both upand downregulated DEINcRNAs with the most significant differences were represented by the heatmap
(B) EMTrelated IncRNA signature was established by Univariate Cox regression, LAS&@tiwadate Cox regression analygi6) Kaplaig

Meier survival analysis suggested a lower OS inHtisgghgroups. ROC curve showed good accuracy of this signature in predicting OS of 1, 3
and 5 years.
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The KaplaiiMeier analysis ofhe training and validation year OS were 0.759, 0.757, and 0.754, respectively, in
sets and whole patient population indicated that HCC the validation set and 0.777, 0.741, and 0.738,
patients with a high risk score had a shorter OS than respectively, in the whole population (Figure 2C).

those with a low risk score. The ROC curve analysis for

the prognostic IncRNA signature showed excellent Validation of the prognostic IncRNA signature

predictive acclacy, with an area under the ROC curve

(AUC) of 0.786, 0.717, and 0.736 for predicting I, The mortality rate in all groups increased with risk

and 5year OS, respectively. The prognostic value of the  score; meanwhile, the expression levels of the 5 hub
signature was assessed in the validation set and whole IncRNAs in the EMTrelated signature also increased

patient population; the AUCs for predicting %, and 5 (Figure 3A). A multivariate Cox regression analysis that

Figure 3.(A) Mortality status andricRNAs expression in each patient were plotted according to the ordered risk ®)aviul(ivariate and
ROC curves confirmed the EdElated INcRNA signature as an independent prognostic factor for HCC.
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