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ABSTRACT

The function of competitive endogenous RNA (ceRNA) network in the immune regulation of hepatocellular
carcinoma (HCC) is unclear. Our study aimed to construct an immune-related ceRNA network and develop
an immune-related long noncoding RNA (IncRNA) signature to assess the prognosis of HCC patients and to
optimize the treatment methods. We firstly constructed a ceRNA regulatory network for HCC using
differentially expressed IncRNAs, mRNAs and microRNAs (miRNAs) from the Cancer Genome Atlas. A
signature was constructed by 11 immune-related prognostic IncRNAs from the ceRNA network. The survival
analysis and receiver operating characteristic analysis validated the reliability of the signature. Multivariate
Cox regression analysis revealed that the signature could act an independent prognostic indicator. This
signature also showed high association with immune cell infiltration and immune check blockades.
LINC00491 was identified as the hub IncRNA in the signature. In vitro and in vivo evidence demonstrated
that silencing of LINC00491 significantly inhibited HCC growth. Finally, 59 IncRNAs, 21 miRNAs, and 26
mRNAs were obtained to build the immune-related ceRNA network for HCC. In conclusion, our novel
immune-related IncRNA prognostic signature and the immune-related ceRNA network might provide in-
depth insights into tumor-immune interaction of HCC and promote better individual treatment strategies in
HCC patients.

INTRODUCTION poor prognosis of HCC patients, even if some therapeutic

strategies have been demonstrated to be relatively

Because of the high rate of incidence, hepatocellular
carcinoma (HCC) has been a prevailing malignancy
resulting in high mortality, especially in Asian countries
that accounts for 75-80% of cases reported globally [1, 2].
Metastasis and recurrence are still the common causes of

effective [3]. And the fact that most of HCC patients
cannot be diagnosed at an early stage is also related to the
poor prognosis [4]. Therefore, thoroughly studying
the underlying molecular mechanisms associated with
hepatocarcinogenesis is particularly necessary.
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In the competitive endogenous RNA (ceRNA)
interaction network, IncRNAs acting as endogenous
molecular sponges competitively bind to miRNAs via
shared miRNA response elements (MRE) with reverse
complementary binding seed regions. Indirectly,
mRNAs can be affected and manifested with the
increased or decreased mRNA expression levels [5].
Recently, the immune system has been shown to have
essential effect on the progression of cancer. Besides,
the hypothesis that ceRNAs are involved in immune
regulation and affecting HCC tumorigenesis and
development have been validated by various
experiments [6]. Thus, the IncRNAs that regulate the
immune microenvironment of HCC have become a hot
spot in research.

It is therefore important to carry out a comprehensive
analysis of the HCC ceRNA network in aspect of the
regulatory functions. The obtained public databases
have been widely used to build a IncRNA-miRNA-
mMRNA ceRNA regulatory network and to mine
potential prognostic biomarkers in several types of
cancers, such as cholangiocarcinoma, gastric carcinoma,
colon adenocarcinoma (CA) and HCC [5, 7]. The
established networks are conducive to understand
complex interactions of IncRNAs, miRNAs and
mRNAs. And the identification of more accurate
markers based on the ceRNA network may also
contribute to the early diagnosis of cancer, the
effectiveness of treatment, and the prognosis of patients.
However, there is a lack of studies on the ceRNA
network in HCC from the immune regulation viewpoint.
Exploring specific ceRNA networks associated with
immune regulation might facilitate to understand the
tumor-immune interactions, which has great prospects
in the therapeutic interventions of HCC. Based on the
accumulating evidence, it is shown that ceRNA-related
genes do greatly work in the occurrence, development
and prognosis of most cancer types [8]. Thus, ceRNA-
and-immune-related IncRNAs may also potentially
become diagnostic biomarkers or treated targets for
HCC. In addition, there is still no study on the
construction of prognostic model of HCC by using
immune-related InNcRNAs from the ceRNA network.

Hence, our study firstly used the Cancer Genome Atlas
(TCGA) database to identify differentially expressed
(DE) IncRNAs, miRNAs, and mRNAs of HCC. A
ceRNA regulatory network of HCC was then
constructed by DEINRNAs, DEmiRNAs and DEmRNA.
The development of a prognostic sighature was based
on the identification of the ceRNA-and immune-related
INcRNAs. Thereafter, the relationship between the
IncRNA signature and immune checkpoint blockades
(ICBs) was investigated, the role of a hub gene in the
prognostic signature was validated, and an immune-

related ceRNA network was further constructed by the
ceRNA-and-immune-related DEIncRNAs, DEmiRNAs
and DEmRNASs. This study might supply some in-depth
insights into the tumor-immune interactions in HCC and
promote better individual treatment strategies.

RESULTS

The flow chart of the whole study was presented
(Figure 1).

DEIncRNAs, DEmRNAs, and DEmRNAs in HCC

By comparing HCC and adjacent normal liver tissues in
TCGA-LIHC database (p < 0.05, |log.-fold change
(FC)| > 1), a total of 3724 DEIncRNAs (3249
upregulated and 475 downregulated), 5199 DEMRNAS
(4088 upregulated and 1111 downregulated), and 330
DEmiRNAs (287 upregulated and 43 downregulated)
were identified (Figure 2A-2C).

Constructing the IncRNA-MiRNA-mMRNA ceRNA
network of HCC

The IncRNA-miRNA pairs containing 332 IncRNAs
(286 up-regulated and 46 down-regulated) and 30
DEmiRNAs were identified in the miRcode online
database. The target gene predictions of 30 DEmiRNAs
were identified by using following online tools:
TargetScan, miRDB and miRTarBase. The interaction
pairs of mMiRNA-mRNA involving 30 DEmiRNAs and
1494 DEmRNAs were confirmed. The predicted target
gene was matched with DEmRNAs, and a total of 242
target DEmRNASs were obtained. After the removal of
the 1 remaining mMiRNA-INcCRNA  pair, 331
DEIncRNAs, 29 DEmiRNAs, and 242 DEmRNAS were
finally obtained and the ceRNA network of HCC was
built based on them (Supplementary Figure 1 and
Supplementary Table 1).

Constructing and validating the ceRNA-and-immune-
related IncRNA prognostic signature

Pearson correlation analysis revealed that 172 IncRNAs
out of the 331 ceRNA-related DEIncRNAs showed
correlation with 1308 immune-related mRNAs (|R| >
0.4 and P < 0.001). The 172 IncRNAs were identified as
ceRNA-and-immune-related IncRNAs to construct an
immune-related prognostic signature (Supplementary
Table 2). In the training cohort, the 172 IncRNAs were
subjected to univariate Cox regression analysis and least
absolute shrinkage and selection operator (LASSO) Cox
regression analyses with log A = -3.10. Then 11
prognosis-related IncRNAs were filtered out (Figure
3A-3C and Table 1). The risk score of the prognosis
signature was calculated as follows:
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Figure 2. Volcano plots of differentially expressed IncRNAs (A), mRNAs (B) and miRNAs (C). Red plots represented up-regulated genes and
green ones represented down-regulated ones. Black plots were genes that did not reach the criteria of differentially expressed genes.
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Risk score (0.102670442*expression  value
AP002478.1) + (0.055778189*expression value
C10orf91) + (0.035841281*expression value
LINCO00501) + (0.008492106*expression Vvalue
ERVMERG61-1) + (0.026966520*expression value
AC114489.1) + (0.131909917*expression value
AL118511.1) + (0.048942893*expression value
MIR137HG) + (0.059437958*expression value
SERHL) + (0.007189903*expression value
LINCO00346) + (0.003028755*expression Vvalue
LINCO00491) + (0.005353952*expression value
DSCR4-IT1).

The optimal cutoff value of the risk score in the training
cohort, which divided 181 HCC samples in the training
cohort into the high-risk group (n = 69) and the low-risk
group (n =112), was 1.00 (Figure 3D). According to the
results which were illustrated in Figure 4A, 4B, higher

risk scores were associated with more deaths (Figure
4A, 4B). And the 11 IncRNAs expression levels were
upregulated in the high-risk group (Figure 4C).
According to the Kaplan-Meier survival curve in Figure
4D, the low-risk group had longer survival time than the
high-risk group (P < 0.0001). The receiver operating
characteristic (ROC) curve suggested that the risk score
could predict the 1-year (0.838), 3-year (0.72) and 5-
year (0.736) survival rate in HCC patients effectively
(Figure 4E). Furthermore, as illustrated in Figure 4F,
multivariate Cox regression analyses suggested that the
risk score of the signature (HR = 1.951, P < 0.001)
could be the independent prognostic indicator of overall
survival (OS).

The survival model with the same cutoff value (1.00) of
the training cohort was applied to the testing cohort (n =
187) and the entire TCGA-LIHC cohort (n = 368), and
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Figure 3. An 11-IncRNA immune-related signature was established to predict the overall survival of HCC patients. (A) 10-fold

cross-validations result identified optimal values of the penalty parameter

A. (B) LASSO coefficient profiles of IncRNA with p < 0.05. (C) The

association between each IncRNA and overall survival. (D) The optimal cutoff value of the risk score.

WWWw.aging-us.com 17610

AGING



Table 1. The LASSO regression analysis

results.
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Figure 4. Evaluating the predictive power of the IncRNA signature in the training cohort. (A—C) Distribution of risk score, survival
status, and IncRNA expression of patients in the training cohort; (D) Kaplan-Meier survival curve of the high-risk and low-risk groups in the
training cohort; (E) time-dependent ROC curves and AUC based on the training cohort for 1-year, 3-year, and 5-year overall survival; (F) forest
plot for multivariate Cox regression analysis.
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the validation results of the signature in these two
cohorts also demonstrated excellent capacity for
survival prediction (Supplementary Figures 2, 3).

Correlation of clinical characteristics with the
immune-related INCRNA prognostic signature

To assess the wide applicability of the signature, the
entire TCGA-LIHC cohort was classified into different
groups by different clinical characteristics to perform
the correlation analysis. The stratification analysis
results suggested that the clinical characteristics
exhibited distribution patterns were consistent with the
risk score of the signature (Figure 5A). The ROC curves
for 5-year OS manifested that the risk score (AUC =
0.725) was better than other clinical characteristics
(Figure 5B), indicating the considerable reliability of
the immune-related IncRNA signature for HCC.

Cancer hallmark and immune signature analysis

Hallmark enrichment analysis (h.all.v7.2.symbols) in this
study revealed that the high-risk group was primarily
linked with G2M checkpoint, PISK/AKT/MTOR
signaling pathway, glycolysis, and some canonical
signaling pathways (Figure 6A—6C). These findings might
help to understand the biological functions of the
ceRNA-and-immune-related signature. In addition, our
signature also regulated some immunologic signatures
(c7.all.v7.0.symbols), such as germinal center (GC) B cell

vs. plasma cell up, memory vs. naive CD8 T-cell down
and CD4 T-cell vs. NK T-cell down, demonstrating that
the IncRNA signature might play an essential role in
immune-related regulation (Figure 6D—6F).

Relation of the IncRNA signature with immune cell
infiltration and ICB

The prognostic IncRNA signature was significantly
positively correlated with immune infiltration of
eosinophils (R = 0.16; p = 0.0022), MO macrophage (R
=0.33; p < 0.001), follicular helper T cells (R = 0.12; p
= 0.026), and regulatory T cells (R = 0.31; p < 0.001).
And the signature was also significantly negatively
correlated with immune infiltration of resting mast cell
(R = -0.18; p < 0.001), monocytes (R = -0.18; p <
0.001), and CD4 memory resting T cells (R =-0.25; p <
0.001) (Figure 7A-7G). The high correlation between
the signature and immune cell infiltration strongly
manifested that the signature was consistent with the
immunologic signature analysis.

The ICB correlation analysis, including PD-1, CTLA4,
TIM-3, PD-L1, PD-L2, IDO1, GITR, SOAT1, CDK1,
HDAC2 and MMP9, was conducted with the signature.
As shown in Figure 8, the IncRNA signature showed
significantly positive correlation with all ICBs targeting
molecules. This result suggested that the signature
might contribute to the evaluation of response to ICB
therapy in HCC.

A NN INET BN SN W YT NN [T
I

M risk
riskscore 4

status

age
ITNEIE T NIRRT 11 | N TN (NEEE gender 2

[ LINNI W BINRRIL JILT UM |

stage
g ra?‘le

INIININEL NI DIR NIl BMI °

cirrhosis
AFP -2

LINC00346

-4
DSCR4-IT1 I
ERVMER61-1
LINC00491

C100rf91

LINC00501

‘ MIR137HG

AP002478.1

| ‘ AC114489.1

AL118511.1

‘ SERHL

risk
W low B
high
riskscore
Wzs -
0.5
status
alive
dead g- f
-
age
<60 >
>= 60 E
d ©
R fomate & &
I male .
stage ’
1
n S 2
1
v = == risk score (AUC=0.725)
grade age (AUC=0.585)
Ml high grade (G3/G4) o gender (AUC=0.436)
low grade (G1/G2) o stage (AUC=0.582)
B"‘L 24 kalm2 grade (AUC=0.537)
B 24 hyimz == AFP (AUC=0.500)
cirrhosis == cirrhosis (AUC=0.450)
cirrhotic =2 == BMI (AUC=0.509)
noncirrhotic 0.0 Ol 2 0.4 Cl. p I:Ila 1. p
AFP X . ) X ) X
<= 300 ng/ml False positive rate
> 300 ng/ml

Figure 5. Clinical characteristics with the IncRNA prognostic signature in the entire TCGA-LIHC cohort. (A) Distribution of
clinicopathologic features, and IncRNA expression in the low-risk and high-risk groups; (B) time-dependent ROC curves and AUC for 5-year

overall survival.

WWWw.aging-us.com

17612

AGING



Identification of the hub gene in the INcRNA
signature

LINCO0491 has already been recognised as hub
oncogene in non-small-cell lung cancer (NSCLC) and
CA, but it has never been explored and validated in
HCC [9, 10]. Therefore, the role of LINC00491 with
regard to HCC requires further assessment.

As shown in the boxplot, LINC00491 expression level
was significantly upregulated in the HCC tissues, and
LINCO00491 also significantly differentially expressed
in different groups of varying vital status (Figure 9A,
9B). Interestingly, LINC00491 level had the ability to
distinguish noncancerous tissues from HCC tissues at
AJCC stage I, II, I, and IV (Figure 9C). And

A B

Enrichment plot: HALLMARK_G2M_CHECKPOINT

Enrichment plot:

LINC00491 could also be applied to distinguish
normal tissues from tumor tissues at different
histologic grades (Figure 9D). To explore the
prognostic ability of LIHC00491, survival analysis
found that HCC patients with higher LINC00491
expression level demonstrated a poorer OS (Figure
9E). Subgroup results showed that patients with
higher LINC00491 expression level in histologic
stage G3/G4, AJCC stage I/Il, male and old-age (age
> 60) had shorter OS (Figure 9F-9M). Following the
multivariate Cox analysis result, LINC00491
expression level could act as an independent
prognostic indicator of OS in HCC patients (Figure
9N). Furthermore, LINC00491 was also positively
correlated with the above mentioned 11 ICBs
(Supplementary Figure 4).
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LINCO00491 in vitro and in vivo experiments

LINCO00491 was overexpressed in cancerous tissues by
gRT-PCR in Zhujiang cohorts, which was consistent
with the above database results (Figure 10A). To
illuminate the proliferative rate after LINC00491
knockdown in HCC cells, Cell Counting Kit-8 (CCK-8)
assays in MHCC-97H and HLF cell lines both showed
lower absorbance at 96h and 120h, respectively (Figure
10B). After silencing of LINCO00491, the Colony

formation assay indicated that the growth of HCC cells
was significantly suppressed after silencing of
LINCO0491 (Figure 10C), transwell assay results
showed that the invasion and migration rates of HCC
cells were significantly suppressed (Figure 10D, 10E),
and wound healing in HCC cells were also significantly
inhibited (Figure 10F). Cell cycle progression in
MHCC97H and HLF cells revealed that LINC00491
depletion significantly repressed cell cycle progression
(Figure 10G). In vivo experiments with subcutaneous
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Figure 9. The characteristic of LINC00491 in TCGA-LIHC. LINC00491 was significantly differentially expressed in different groups
classified by (A) HCC tissues, (B) vital status, (C) AJCC stage and (D) histologic grades. (E) The potential prognostic ability of LIHC00491 in HCC
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patients and subgroup analysis of (F, G) histologic grade, (H, 1) stage, (J, K) gender and (L, M) age. (N) Forest plot for univariate Cox regression
analysis and multivariate Cox regression analysis among LINC00491 and other clinical characteristics. * p <0.05, ** p < 0.01, *** p < 0.001.

tumor models were shown in Figure 10H. In accord
with in vitro observations, tumor volume and tumor
weight were both significantly decreased after
knockdown of LINC00491 (Figure 101, 10J).

Constructing the immune-related ceRNA network in
HCC

242 DEmMRNAS in the above-mentioned HCC ceRNA
network were intersected with the IMMPORT gene list

and 33 immune-related DEMRNAS were obtained. To
obtain more reliable results, a correlation analysis (R >
0.4, p < 0.001) was carried out between former 172
ceRNA-and-immune-related DEINncRNAs and the 33
immune-related DEmRNASs. The results confirmed 161
pairs of INcCRNA-mRNA containing 63 IncRNAs and 26
miRNAs. By matching the relationship of the above-
mentioned ceRNA network, the immune-related ceRNA
network was finally built by 59 IncRNAs, 21 miRNAs,
and 26 mRNAs (Figure 11 and Supplementary Table 3).
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Figure 10. The role of LINC00491 in HCC. (A) LINCO0491 was overexpressed in HCC tissues than that of paracancerous tissues
harvested from Zhujiang cohorts. (B) The results of CCK-8 assays in the MHCC-97H cell line and the HLF cell line showed lower
absorbance in HCC cells with LINC00491 knockdown at 96h and 120h, respectively. (C) The colony formation assay indicated that
LINC00491 silencing significantly suppressed the growth of HCC cells. (D, E) The results of transwell assays showed that LINC00491
silencing significantly suppressed invasion and migration rates of HCC cells. (F) LINCO0491 silencing significantly repressed wound
healing in HCC cells. (G) The results of cell cycle revealed that LINCO0491 depletion significantly inhibited cell cycle progression in
MHCC97H and HLF cells. (H) Photographs of the subcutaneous tumors are shown. (I, J) The tumor volumes and weights were

measured. * p < 0.05, ** p <0.01, *** p <0.001.
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DISCUSSION

Elucidating the molecular mechanisms and processes
underlying HCC and identifying new potential therapeutic
targets would do greatly work in decreasing the mortality
of HCC and improving its prognosis. INcRNAs have been
demonstrated their essential role in variety of biological
processes, such as metabolism, autophagy, inflammation,
gene activation, and immune response [11-14].

LncRNAs and miRNAs can modulate cancer immunity
and other biological processes through the ceRNA
network. In recent years, several ceRNA networks for
HCC have been constructed using TCGA database.
However, a systematic study on the ceRNA network in
HCC from the viewpoint of immune regulation is
lacking. Therefore, it might be useful to build an
immune-related ceRNA network and comprehensively
analyze its regulatory functions.

The construction of the ceRNA network was based on
DEG, which largely represented the complexity of

tumor growth and metastasis dissemination. In our
study, an immune-related ceRNA network including 59
IncRNAs, 21 miRNAs, and 26 mRNAs specific to HCC
was developed by matching the relationships of the
ceRNA network bulit by DEIncRNAs, DEmiRNA and
DEmMRNAs of HCC. To the best of our knowledge, this
was the first study to construct an immune-related
ceRNA network in HCC. Exploring specific ceRNA
network associated with immune regulation may help to
understand tumor-immune interaction and facilitate the
discovery of new therapeutic interventions for HCC
patients.

In the current study, a ceRNA network was firstly
constructed before filtering out immune-related
IncRNAs, performing the survival analysis and
developing a prognostic signature. This could better
identify the potential prognostic biomarker by analyzing
the IncRNAs in the ceRNA network. And the following
results of the survival analysis, the assessment of
predicting efficiency and the correlation analysis with
other clinical characteristics strongly manifested the

A IncRNA-up

A IncRNA-down

. mRNA-up

I mMRNA-down

. mIRNA-up

@)  miRNA-down

Figure 11. The immune-related ceRNA regulatory network in HCC. Red triangles represented upregulated IncRNAs, and green
triangles represented downregulated IncRNAs. Red squares and circles stood for upregulated mRNAs and miRNAs, respectively. Green
squares and circles represented downregulated mRNAs and miRNAs, respectively.
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great superiority of the ceRNA-and-immune-related
InNcRNA signature in HCC, which might provide
clinicians with a rationale to use immune targeted
therapies in the treatment of HCC patients.

Cancer hallmark and immune signature analysis in our
study revealed that the high-risk group of the INCRNA
signature largely concentrated in DNA repair,
PIBK/AKT/MTOR  signaling pathway, glycolysis
and immunologic characteristics in HCC. The
PISBK/AKT/mTOR signaling pathway does pivotally
work in regulating cellular apoptosis, survival,
metabolism, and differentiation [15]. We inferred that
the 11 IncRNAs might be crucial in regulating HCC
through  PIBK/AKT/mTOR  signaling  pathway.
Thereafter, the immunologic signature analysis
suggested that these INCRNAs had a possible link with
immune regulation. Consistent with the previous
immune signature analysis, our findings were expanded
and confirmed the discovery that the IncRNA signature
in HCC showed significant correlation with immune
cell infiltration. This suggested that the signature might
participate in immune regulation. Nevertheless, the
function of immune cell infiltration in HCC still
remains unknown. Our preliminary observations
provided a perspective opinion to investigate this issue,
and further studies were warranted in the future.

Although only less than a third of HCC patients showed
significant response to ICB monotherapies, ICB-based
strategies including ICB combined with chemotherapy,
ICB combined with antiangiogenetic therapy and
multiple ICB, might soon be new promising approaches
for the treatment of HCC [16, 17]. Thus, identification
of biomarkers for predicting ICB immunotherapy
responses is considered essential [18, 19]. Some
InNcRNAs which are significantly associated with
immune response can make the treatment prediction of
the efficacy to immunotherapy [20, 21]. Interestingly,
the signature in our study showed association with
immune cell infiltration and it positively correlated with
11 ICBs: PD-1, CTLA4, TIM-3, PD-L1, PD-L2, IDO1,
GITR, SOAT1, CDK1, HDAC2 and MMP9. Since
these immune checkpoint molecules serve as targets for
immunotherapy, the IncRNA signature, which was
capable of predicting the characteristics of immune
checkpoint inhibition, might have value in clinical
setting.

Our study showed that LINC00491 was significantly
overexpressed in HCC tissues. And some unfavorable
clinical characteristics were also associated with its high
expression level. LINC00491 might serve as an
independent prognostic indicator of OS. The positive
correlation with immune checkpoint genes suggested
that LINC00491 may potentially contribute to the

measurement in response to HCC ICB immunotherapy.
After in vitro and in vivo experiments, the results were
also consistent with the public database analysis. As far
as we know, it was the first time that the expression and
function of LINCO00491 were come up with to be
explored in HCC.

There were still some strengths that should be noted in
this study after comparing with the existing articles
about the examination of the INcRNA prognostic effects
on HCC. Firstly, our study included the ceRNA network
in HCC from the viewpoint of immune regulation.
Exploring the association of the specific ceRNA
network with immune regulation might contribute to the
understanding of tumor-immune interaction, providing
great promise for therapeutic interventions of HCC.
Secondly, the prognostic models of HCC were
constructed by immune-related IncRNA genes involved
in the ceRNA network, making up for the lack of
research on prognostic model of HCC.

In conclusion, a novel immune-related 11-IncRNA
signature was established, which could be an
independent biomarker to predict the prognosis of HCC.
And the proposed immune-related ceRNA network
might help to clarify the regulatory mechanisms
of immune-related INcRNAs as ceRNAs and their
contributions in the progression of HCC.

MATERIALS AND METHODS
Differential expression analyses

TCGA-LIHC data portal as the HCC database contained
374 HCC-tissue samples and 50 adjacent normal liver-
tissue samples. EdgeR package was used to identify
DEIncRNAs, DEmMRNAs and DEmiRNAs between HCC
tissues and normal tissues [22]. |log2FC| > 1 and p < 0.05
were selected as significant cutoff values. This study does
not require the approval of the ethics committee.

Construction of ceRNA network

The miRcode database was used to predict the
relationship between DEIncRNAs and DEmiRNAs. The
miRDB, miRTarBase, and TargetScan databases were
applied to retrieve the target DEmMRNASs of DEmiRNAs.
Cytoscape software was used to visualize the ceRNA
network.

Identifying immune-related IncRNAs and constructing
prognostic signature

The Immunology Database and Analysis Portal
(ImmPort) database contained a total of 1811 immune-
related genes. Pearson correlation analysis using the
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thresholds of Spearman's correlation coefficient with an
absolute value (|R]) of > 0.4 and p < 0.001 was
performed to identify immune-related INcCRNASs in the
above ceRNA network of HCC.

Based on a 5 : 5 ratio, the entire TCGA-LIHC cohort (n
= 368) with prognostic clinical information was
randomly divided into the training (n = 181) and the
testing (n = 187) cohorts. Univariate Cox regression
analysis and LASSO Cox regression analysis were
utilized in the training cohort to identify prognostic
immune-related IncRNAs and develop a prognostic
signature [23, 24]. The optimal cutoff value of risk
scores calculated by survminer package (http://cran.r-
project.org/) in R software was used to classify the
training cohort into the low- and the high-risk groups.
And to further confirm the predictive accuracy, the
signature was also applied to the testing and the entire
TCGA-LIHC cohorts.

Exploring the bio-function of the IncRNA signature

To find enriched function terms, gene set enrichment
analysis (GSEA) with the threshold of p < 0.05 and
false discovery rate (FDR) < 0.25 was performed using
the Molecular Signatures Database (MSigDB) [25].
CIBERSORT was used to analyze the relation between
the immune cell infiltration and the IncRNA signature
in HCC samples [26]. To explore the relation with ICB
therapy, the correlation analysis was performed between
the immune-related signature and 11 immune
checkpoint inhibitors, including PD-1, CTLA4, TIM-3,
PD-L1, PD-L2, IDO1, GITR, SOAT1, CDK1, HDAC2
and MMP9 [27-35].

The material preparation of in vitro and in vivo
experiments

28 pairs of fresh frozen specimens with corresponding
normal tissues detected by gRT-PCR were obtained
from HCC patients of the Department of Hepatobiliary
Surgery of Zhujiang Hospital. The Medical Ethics
Committee of Zhujiang Hospital had approved our
study. According to the manufacturer’s protocol,
Lipofectamine 3000 (Invitrogen, Carlsbad, CA, USA)
was purchased for transient transfection of LINC00491-
Smart Silencer (si-LINC00491) and si-normal control
(si-NC) (Ribobio, Guangzhou, China) in MHCC-97H
and HLF cell lines. And to conduct animal experiments,
the specific short hairpin RNAs to LINC00491 (sh-
LINCO00491) was used to transfect HLF cells.

Migration assay

For the transwell assay, cells suspended in serum-free
medium were placed in the upper chamber of 24-well

Transwell plates (Corning, NY, USA), and the culture
medium containing 10% FBS was seeded into the lower
chamber. For wound healing assay, the cells were plated
into 6-well-plates and cultured in DMEM without FBS.
A 200-pl pipette tip was used to scrape the monolayer.
At 0 and 48 hours after scratch generation, cell
migration was recorded with white light using a phase
contrast microscope.

Proliferation assay, colony formation assay and cell
cycle analysis

The CCK-8 assay (Vazyme Biotech, Nanjing, China)
was used to determine the proliferative capacity of
cells. According to the manufacturer’s instructions,
cells were plated in 96-well plates for 4 days, and the
absorbance was observed at 450 nm. For colony
formation assay, cells were plated in 6-well plate
and they were cultured in DMEM containing 10%
FBS at 37° C for 2 weeks. Before counting, the
colonies were fixed in methanol, and then the colonies
were stained with 0.1% crystal violet for 30 min.
Cell cycle analysis was carried out as previously
described [36].

Mouse xenograft assay

To perform cells transfection, the left and right backs of
nude mice (4-week-old male BALB/c mice) were
subcutaneously injected with sh-LINC00491 or sh-NC
cells, respectively. The growth of tumors was recorded
every 3 days. Mice were killed on the 3 weeks after
inoculation, and the resected tumors were weighed for
subsequent analysis. All animal experiments were
approved by the Ethics Committee for Laboratory
Animals of Zhujiang Hospital, Southern Medical
University, Guangzhou, China.
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Supplementary Figure 1. The ceRNA regulatory network in HCC. Red circles represented upregulated IncRNAs, and blue circles
represented downregulated IncRNAs. Red triangles and squares indicated upregulated mRNAs and miRNAs, respectively. Blue triangles and

squares indicated downregulated mRNAs and miRNAs, respectively.

WWWw.aging-us.com 17623 AGING



>

1.00 Strata
o . S [mlow £ = low
g 4 ! 4 | ®high § o.7s = high
o w0 ] [ ?:o'n.
3 ‘-.- : / E 0.50
x : g
L e EEEEEEE | SEREEDEEEECEEEEEES % o2
2] ! .
€ o] " ; p <0.0001
T T T T 0.00
0 50 L 150 @ 1 2 3 4 5 6 7 8 8 10
B Patients (increasing risk socre) Number at risk Time (vears)
E § |74 40 21 10 5 3 1 o o o o
82_ -‘ - : -alive w T|113 95 87 39 29 21 17 8 5 4 1
bw_ A .. ': .dead 0 1 2 3 4 Tlsme (ﬁyaar:) 8 ] 10
o . * e e L.
Eeod - L. L f . " E 1.00
gl I o vt e
© LA . . . . . [ .
.Z - = s° "". - [ 2es e ° .. - CoNE . s® o Q
5 B P -:', oL ) ., "E. .‘1-.“.... wn —meg E 0.75
5o . o o . . I-_- ) '-I *e &% °
2 50 150 3
C Patients (increasing risk socre) a 0.50
Q
group group 3 .
N low = & AUC (95%Cl)
_E | ‘ ’ APOOATE 8 4 high At 1 year = 0.752 (0.654~.849)
At 3 years = 0.734 (0.627~0.841)
| | | | | ACTA49.1 2 0.00 AL 5 years = 0.721 (0.602~0.839)
I I | | | | | AL118511.1 0.00 0.25 0.50 0.75 1.00
|I “ | | | ‘ 0 F False positive rate
SERHL
Item Coefficient P.Val HR (95% Cl)
| LINCOO0S01 | -2
| age 0816  0.096 $—o—ei 2.262(0.865-5.918)
| I Cloorf! B _, gender 043  0.819 rg—i 0.878(0.29-2.66)
| MIR137THG stage  0.435 0124 @ 1.545(0.887-2.693)
grade  0.023  0.963 Hp— 1.024(0.38-2.756)
| H l | | DSCR4-IT1
AFP -0.722 0321 0.486(0.117-2.02)
| || | | LINC00346 cirrhosis  0.394 0.483% 1.483(0.493-4.456)
l | || ERVIERS -1 BMI -0.178 0.716 0.837(0.321-2.184)
| | | LNCONSH riskScore 1.187  0.025 p—e———43.276(1.16-9.254)
D!51!5

Hazard Ratio

Supplementary Figure 2. Evaluating the predictive power of the IncRNA signature in the testing cohort. (A—C) Distribution of
risk score, survival status, and IncRNA expression of patients in the testing cohort; (D) Kaplan-Meier survival curve of the high-risk and low-
risk groups in the testing cohort; (E) time-dependent ROC curves and AUC based on the testing cohort for 1-year, 3-year, and 5-year overall
survival; (F) forest plot for multivariate Cox regression analysis.
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Supplementary Figure 3. Evaluating the predictive power of IncRNA signature in the entire TCGA-LIHC cohort. (A—C)
Distribution of risk score, survival status, and IncRNA expression of patients in the entire TCGA-LIHC cohort; (D) Kaplan-Meier survival curve
of the high-risk and low-risk groups in the entire TCGA-LIHC cohort; (E) time-dependent ROC curves and AUC based on the entire TCGA-LIHC
cohort for 1-year, 3-year, and 5-year overall survival; (F) forest plot for multivariate Cox regression analysis.
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Supplementary Tables

Please browse Full Text version to see the data of Supplementary Tables 1, 2.

Supplementary Table 1. List of differentially expressed genes to build the ceRNA network in HCC.

Supplementary Table 2. List of immune-related IncRNAs in ceRNA network of HCC.

Supplementary Table 3. List of genes to build

the immune-related ceRNA network in HCC.

59DEIncRNA 26DEmMRNA 21DEmiRNA
AL591845.1 NR4A2 hsa-miR-93
Clorfl147 TPM2 hsa-miR-372
C20rf48 JAG2 hsa-miR-373
SERHL ESR1 hsa-miR-195
AC087289.1 IL11 hsa-miR-424
AC012074.1 LYZ hsa-miR-519d
C10o0rfol BMP8B hsa-miR-182
WDFY3-AS2 FOS hsa-miR-214
COL18A1-AS1 IGF1 hsa-miR-338
C9orf163 TGFBR3 hsa-miR-137
LINC00173 STC2 hsa-miR-141
SNHG12 TGFB2 hsa-miR-204
AC016586.1 THBS1 hsa-miR-211
AL359878.1 BDNF hsa-miR-21
Clorf220 IL1B hsa-miR-183
UCAl LTF hsa-miR-206
AC010336.2 PLXNA1 hsa-miR-301b
AC011481.1 ULBP2 hsa-miR-454
MCM3AP-AS1 CMTM4 hsa-miR-217
AC016773.1 KLRD1 hsa-miR-221
MIR181A2HG PTGS2 hsa-miR-222
WARS2-1T1 LEFTY1
HTR2A-AS1 ADM
ZNF32-AS1 NTF3
LINCO00323 MAP2K1
LENGS8-AS1 IL12A
GUSBP11
CCDC26
UBE2Q1-AS1
STEAP3-AS1
DSCR9
ZNF32-AS2
DNM30S
MAGI2-AS3
LINC00402
LINC00494
RBMS3-AS3
MIR600HG
ZBTB40-IT1
DGUOK-AS1
KLF7-1T1
AC009121.1
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MYLK-AS1
AP001347.1
ADAMTS9-AS1
ADAMTS9-AS2
AC078778.1
SNHG3
MCCC1-AS1
AL133367.1
SNHG6
AC147651.1
SNHG1
AL139385.1
AC040173.1
KCNQ10T1
DIO30S
LINC00519
FBXL19-AS1
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