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Abstract
Liver hepatocellular carcinoma (LIHC) can be detected by the immune system; how-

Correspondence ever, it acquires features for evasion of immune surveillance during its origin and
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development. Long non-coding RNAs (IncRNAs) are critical as immune regulators
in cancers; nevertheless, the biological functions and mechanisms of IncRNAs in
evasion of immune system by LIHC remain unclear. In this study, an integrated and
computational approach was developed to identify immune-related IncRNAs and to
divide LIHC patients into diverse immune-related risk groups based on the expres-
sion profiles of coding genes and IncRNAs. LIHC-specific genes and IncRNAs in 17 im-
mune cell populations were identified and analysed. Gene and IncRNA co-expressing
networks for diverse immune cell populations were constructed and analysed. Some
imported immune-related IncRNAs, such as MIR9-3HG, were also identified. The
LIHC patients comprised three different groups based on immune-related risk. LIHC
patients possessing a greater diversity of immune cell populations had better survival
prognosis. The collective data are evidence of a credible computational model that
can prioritize novel immune-related IncRNAs and depict the atlas of immune-related
IncRNAs in LIHC. These findings will further the understanding of IncRNA function
and advance the identification of immunotherapy targets in LIHC.
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1 | INTRODUCTION

These include hepatitis B virus infection, aflatoxin exposure, al-
cohol-induced liver damage, non-alcoholic fatty liver disease and
According to the International Agency for Research on Cancer, non-alcoholic steatohepatitis, among others.** Liver transplantation

liver hepatocellular carcinoma (LIHC) is the third leading cause of or curative surgery is effective for early stage LIHC. However, thera-

cancer-related death worldwide.»? LIHC is also the sixth most diag-
nosed cancer, with more than 500 000 new cases reported every

year.3 Continued research is revealing more risk factors of LIHC.
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peutic strategies are limited for advanced cases.® Despite the recent
progress concerning diagnostic and therapeutic modalities, the sur-

vival rate of LIHC is still poor. Especially, tumour recurrence, drug
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resistance and disease relapse after treatment are still key problems
that hinder LIHC therapy. There is an urgent need to improve LIHC
diagnosis and treatment.

Long non-coding RNAs (IncRNAs) are a subclass of functional
non-coding RNAs. LncRNAs are over 200 nucleotides in size and
do not encode protein.”® However, IncRNAs are reportedly es-
sential in many diseases, including cancers.” As well, IncRNAs
have been associated with the regulation of biological functions
of LIHC. For example, the up-regulation of IncRNA DLX6-AS1
can promote proliferation and tumour formation.’® The PCNAP1
IncRNA enhances replication of hepatitis B virus (HBV) by mod-
ulating microRNA-154/proliferating cell nuclear antigen/HBV
(miR-154)/PCNA/HBV) covalently closed circular DNA signal-
ling and PCNA pseudogene 1 (PCNAP1)/PCNA signalling drives
LIHC.X The up-regulated expression of hepatocellular carcinoma
up-regulated EZH2-associated (HEIH) IncRNA might inhibit the
growth and metastasis of LIHC cells.'? While accumulating ev-
idence indicates the important functions of IncRNA in LIHC,
the systematic mechanism and function of IncRNAs in LIHC are
poorly defined.

The tumour microenvironment is considered a key risk factor
for cancer development and progression. Immune system imbal-
ance and disorders are major causes of cancer.’® Tumours can
be detected by the immune system, and they acquire features
to evade immune surveillance throughout the origin and devel-
opment of cancer. Immunotherapy has emerged as a promising
cancer treatment strategy. Dysregulation of immune genes could
directly influence the immune system. Recent increasing evi-
dence has indicated the participation of IncRNAs in the immune
system.“*15 For example, inducible degradation of the Sros1 In-
cRNA promotes interferon-gamma-mediated activation of innate
immune responses by stabilizing Statl mRNA.® The HOTTIP In-
cRNA enhances interleukin 6 expression to potentiate immune
escape of ovarian cancer cells by up-regulating the expression of
programmed death-ligand 1 in neutrophils.'” However, data con-
cerning the diversity and function of immune-related IncRNAs in
cancer are insufficient. Further studies of IncRNAs and their roles
in immune regulation are essential to identify immunotherapy tar-
gets in LIHC.

In the present study, an integrated computational pipeline was
developed based on gene and IncRNA expression profiles to iden-
tify immune-related IncRNAs in LIHC. LIHC patients were divided
into three immune-related risk groups. We constructed 17 sets of
immune cell populations and identified differentially expressed
genes in these sets. Diverse immune cell-related genes and IncRNA
co-expressed networks were constructed and analysed. Some im-
ported immune-related IncRNAs, such as MIR9-3HG, were also
identified. LIHC patients harbouring more diverse immune cell pop-
ulations displayed a better survival prognosis. The data will provide
a valuable resource for exploration of IncRNA function and identifi-

cation of immunotherapy targets in LIHC.

2 | MATERIAL AND METHODS

2.1 | Collection of high-throughput expression
profiles of IncRNAs and genes for LIHC

Gene and IncRNA expression profiles (Level 2) were obtained from
The Cancer Genome Atlas (https://www.cancer.gov/about-nci/
organization/ccg/research/structural-genomics/tcga). LIHC patients
(n = 369) and 50 tumour adjacent normal tissues were obtained.
Clinical follow-up information was retained for further analysis.
Genes and IncRNAs with expression values of O in the samples were
removed. All expression values were log, transformed to satisfy
normal distribution. The summary of characters and clinical follow-
up information for LIHC patients and normal control was listed in
Table S1.

2.2 | Collection of multiple immune cell
populations-related (ICPR) genes

Seventeen immune cell populations were selected. They included
B cells, eosinophils, macrophages, mast cells, natural killer (NK)
CD56bright cells, NK CD56dim cells, neutrophils, T helper cells, Tcm
cells, Tem cells, Tfh cells, activated dendritic cells (aDCs), induced
dendritic cells (iDCs), activated CD8 T cells, gamma delta T cells,
regulatory T cells (Tregs) and cytotoxic cells.*® Information on multi-
ple ICPR genes was also obtained from previous studies.?”?° All the

ICPR genes were analysed.

2.3 | Identification of LIHC-specific ICPR genes and
IncRNAs based on expression profiles

In order to identify LIHC-specific ICPR genes and IncRNAs, the
t test was used for differential expression analyses of the expres-
sion profiles of LIHC and normal samples. Significantly expressed
ICPR genes (P < .05) were considered LIHC-specific ICPR genes.
Significant IncRNAs (P < .01) were considered LIHC-specific IncR-
NAs. Only the LIHC-specific ICPR genes and IncRNAs were used for

subsequent analyses.

2.4 | Construction of ICPR genes and IncRNAs
associated with significantly changed co-expressed
networks for each immune cell population in LIHC

For each immune cell population, Pearson correlation coefficients
(PCCs) were calculated for each LIHC-specific ICPR gene and
IncRNA in LIHC and normal samples, respectively. PCCs and P-
values were obtained for each ICPR gene and IncRNA pair. The ab-
solute values of the difference of PCCs between LIHC and normal
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samples represented the divergence of LIHC compared with nor-
mal samples. Only the LIHC-specific ICPR gene and IncRNA pairs
with absolute values of difference >0.5 were used for subsequent
analyses and network construction. The significantly changed co-
expressed networks of LIHC-specific ICPR genes and IncRNAs
were constructed using Cytoscape 3.3.0 (https://cytoscape.org/).

2.5 | Evaluating immune-associated risks for LIHC
patients based on co-expressed networks

An integrated and computational pipeline was developed to
evaluate immune-associated risks for each LIHC patient based on

co-expressed networks (Figure 1). Firstly, the expression profiles

Degree analysis was also performed using Cytoscape 3.3.0. of genes and IncRNAs in co-expressed network for each immune
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FIGURE 1 Workflow of evaluating the immune risk for LIHC patients based on ICPR genes and IncRNAs. Step 1: Identification of LIHC-
specific ICPR genes and IncRNAs based on expression profiles. Step 2: Construction of LIHC-specific ICPR genes and IncRNAs co-expression
networks for diverse kinds of immune cell populations. Step 3: Evaluating immune risk for LIHC patients and dividing the patients into
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FIGURE 2

Identification of LIHC-specific ICPR genes and IncRNAs for different immune cell populations. A, Pie charts show the

percentages of significantly differentially expressed ICPR genes and IncRNAs for diverse immune cell populations in LIHC. B, Bar plots show
numbers of up- (red) and down-regulated (blue) ICPR genes in LIHC. C, Pie chart shows percentage of significantly differentially expressed
IncRNAs in LIHC. D, Bar plots show numbers of up- (red) and down-regulated (blue) IncRNAs in LIHC

cell population were extracted from the whole expression profile.
The differentially expressed genes and IncRNAs were allocated to
up-regulated and down-regulated groups. Secondly, the expres-
sion values were ranked from high-to-low for all LIHC patients.
For up-regulated genes and IncRNAs, the genes or IncRNA of a
specific sample ranked last 70% were considered risk genes or
IncRNAs for the LIHC patient. For down-regulated genes and
IncRNAs, the genes or IncRNA of a specific sample ranked before
30% were considered risk genes or IncRNAs for the LIHC patient.
Thirdly, for a specific LIHC patient, the risk genes in each kind of
ICPR co-expression network were counted. If there were more
than 50% risk genes or IncRNAs for an immune cell population,
this population was considered a risk immune cell population for
that LIHC patient. Lastly, the numbers of risk immune cell pop-
ulations were counted and the LIHC patients were divided into
three immune risk-related groups including min-immune (0-4 risk
immune cell populations), media-immune (5-9 risk immune cell
populations) and multi-immune groups (10-17 risk immune cell

populations).

2.6 | Survival analyses for multiple kinds of immune
risk-related groups

In order to evaluate the prognosis of the three immune risk-related
groups, Kaplan-Meier (K-M) survival analyses were performed.
Statistical significance assessed using the log-rank test. All analyses

were performed within the R 2.6.6 framework.

3 | RESULTS

3.1 | Some ICPR genes and IncRNAs were specific
in LIHC

We obtained ICPR gene information for the 17 immune cell pop-
ulations and explored their specificity in LIHC. Differentially,
expressed ICPR genes were identified for each immune cell
population in the LIHC patients (Figure 2A). These were consid-
ered LIHC-specific ICPR genes. The differentially expressed ICPR
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genes accounted for a large proportion of most of the immune
cell populations. The proportions of LIHC-specific ICPR genes
were 96.77%, 95.65% and 90.32% in eosinophils, T helper cells
and neutrophils, respectively. These results indicated that multiple
types of immune cells may have essential roles in LIHC. Up- and
down-regulated ICPR genes were also identified (Figure 2B). The
vast majority of LIHC-specific ICPR genes were down-regulated in
most of the immune cell populations. For example, all the LIHC-
specific ICPR genes were down-regulated in T helper cells. There
were 13 down- and six up-regulated ICPR genes in activated CD8
T cells, and 19 up- and nine down-regulated ICPR genes in neu-
trophils. Differentially expressed IncRNAs, considered as LIHC-
specific INcRNAs, were also identified (56.76%) (Figure 2C). Similar
to LIHC-specific ICPR genes, most of the differentially expressed
IncRNAs were down-regulated (Figure 2D). These results revealed
that immune-related genes and some IncRNAs may participate in
the development of LIHC.

3.2 | Significant change in co-expression between
LIHC-specific ICPR genes and IncRNAs in LIHC
compared with normal samples

We used the absolute difference of PCCs for ICPR genes and IncR-
NAs between LIHC patients and normal control samples to repre-
sent the changes in LIHC. We only considered LIHC-specific ICPR
gene and IncRNA pairs having absolute difference values >0.3. The
numbers of co-expressed LIHC-specific ICPR gene and IncRNA pairs
differed in the diverse immune cell populations. Tcm cells and aDCs
displayed the most and least LIHC-specific ICPR gene and IncRNA
pairs, respectively (Figure 3A). The distribution patterns of PCCs for
LIHC-specific ICPR gene and IncRNA pairs were different in the di-
verse immune cell populations which were similar (Figure 3B). Most
PCCs for LIHC-specific ICPR gene and IncRNA pairs were concen-
trated between 0.3 and 0.6. Of these, 191 622 were concentrated
between 0.3 and 0.4 (Figure 3C) and 69 248 were concentrated be-
tween 0.4 and 0.5. Thirty LIHC-specific ICPR gene and IncRNA pairs
displayed the most significant differences (Figure 3D). There were
two patterns of change in samples from LIHC patients compared
with normal samples. One was a negative to positive correlation,
and the other was a positive to negative correlation. The patterns of
change for these top 30 pairs were diverse. These pairs were promi-
nent in six immune cell populations (Figure 3E). Twenty of the LIHC-
specific ICPR gene and IncRNA pairs belonged to B cells and iDCs.
In B cells, ICPR gene ABCB4 and IncRNA were negatively correlated
(PCC = -0.58) in normal control samples. However, the ICPR gene
ABCB4 and IncRNA LINC00844 changed to a positive correlation
(PCC = 0.58) in LIHC patients (Figure 3F). The changed pattern was
contrary for ICPR gene ABCB4 and IncRNA FABP4, with a change in
PCC of 0.70 in normal samples to -0.28 in LIHC patients (Figure 3G).
The collective results indicated a changed co-expression of ICPR
genes and IncRNAs in LIHC, which reflected immune changes of
IncRNAs in LIHC.

3.3 | Particular features of co-expressed
networks of LIHC-specific ICPR genes and IncRNAs

In order to better describe the role of immune changes in LIHC,
more significant changes (absolute difference value >0.7) for LIHC-
specific ICPR gene and IncRNA PCCs were used to construct net-
works. The numbers of LIHC-specific ICPR gene and IncRNA pairs in
each immune cell population were determined (Figure 4A). iDCs and
B cells displayed the highest number of LIHC-specific ICPR gene and
IncRNA pairs. A comprehensive network of LIHC-specific ICPR gene
and IncRNA pairs was constructed by integrating the multiple im-
mune cell populations (Figure 4B). The integrated network revealed
obvious differences between the diverse LIHC-specific ICPR gene
and IncRNA pairs. The same ICPR gene could also interact with dif-
ferent IncRNAs with diverse strengths and changing patterns. Only
a few ICPR genes were prominent. These may be important in LIHC.
A similar network was also constructed in single immune cell popu-
lation. For example, a co-expressed network of LIHC-specific ICPR
genes and IncRNAs was constructed in B cells (Figure 4C). This net-
work contained 141 pairs of LIHC-specific ICPR genes and IncRNAs,
18 ICPR genes and 138 IncRNAs. The integrated degree distribu-
tions of the network displayed a scale-free network power-law dis-
tribution (R? = .83, Figure 4D). This scale-free distribution indicated
that this network was a meaningful biological network.

3.4 | Identification of important ICPR genes and
corresponding IncRNAs in LIHC

Some ICPR genes and corresponding IncRNAs were more frequently
present in the aforementioned co-expression networks of LIHC-
specific ICPR genes and IncRNAs. Thus, we inferred that at least
some of these frequent ICPR genes and corresponding IncRNAs may
play important roles in LIHC. These ICPR genes included ABCB4,
CD101, CD1A, CD1B and FABP4 (Figure 5A). ABCB4 is an immune-
related gene as well as a phospholipid translocator at the canalicu-
lar membrane of the hepatocyte, which "flops" phosphatidylcholine
into bile.?! In our study, ICPR gene ABCB4 interacted with 96 IncR-
NAs in LIHC, indicating immune-related roles in concert with other
IncRNAs in LIHC. More attention was paid to the frequent IncR-
NAs, which were considered to be immune-related IncRNAs in
LIHC. Other immune-related IncRNAs that were frequent included
MIR9-3HG, SYP-AS1 and LINC02542 (Figure 5B). These immune-
related IncRNAs were present in different immune cell populations
(Figure 5C). For example, MIR9-3HG was present in all immune cell
populations, except NK CD56dim, in LIHC patients. MIR9-3HG has
been associated with some cancers.???® MIR9-3HG was presently
co-expressed with 34 different ICPR genes in LIHC (Figure 5D).
Major changes were observed in some of these interactions, includ-
ing TRAF3IP3 and SLC7A6. Small changes were also evident, such as
for GZMK and PIK3IP1. MIR9-3HG was significantly differentially
expressed (P < .001) in LIHC compared with normal control tissues
(Figure 5E). The expression of MIR9-3HG was higher in LIHC tissues
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(Figure 5F). These collective results revealed essential roles of some
IncRNAs in the regulation of the immune system of LIHC.

3.5 | Different survival outcomes in LIHC for the
diverse immune risk groups

Evaluating the immune risk of each LIHC patient could be benefi-
cial in clarifying patient status and for personalized treatment. We
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inferred that LIHC patients harbouring more diverse immune cell
populations could be considered higher immune risk patients. The
LIHC patients differed in their diversity of immune cell populations
(Figure 6A). For example, 81.57% and 68.29% of the LIHC patients
were associated with Treg and NK CD5édim cells, respectively.
However, only 9.21% of the LIHC patients were related to neutro-
phils. We also analysed the numbers of immune cell populations for
each LIHC patient. Forty-seven LIHC patients harboured two kinds
of immune cells populations and 43 harboured one kind (Figure 6B).
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Only a few LIHC patients harboured multiple immune cell popula-
tions (Figure 6C). The data were used to divided the LIHC patients
into three immune risk groups of multi-immune (n = 64), media-
immune (n = 110) and min-immune groups (n = 189; Figure 6D).
Survival increased as the immune risk decreased (Figure 6E). The
survival analysis also revealed that diverse immune risk groups were
significantly associated with survival (P = .003, Figure 6F). More im-
mune risk types for a LIHC patient implied stronger immune par-
ticipation in the specific sample. Thus, a specific LIHC patient would
have a better prognosis with the alteration of multiple immune cell

populations in LIHC.

4 | DISCUSSION

Accumulating evidence is reinforcing the importance of IncRNAs as
immune regulators. However, only a few examples had been found
so far. Here, we describe an integrated computational approach to
identify immune-related IncRNAs in LIHC based on expression pro-
files of ICPR genes and IncRNAs. We demonstrated that IncRNA are
essential in the immune regulation of LIHC. Co-expression networks
of ICPR genes and IncRNAs for 17 immune cell populations were
constructed and analysed in LIHC. Notably, each LIHC patient was
given an immune risk score based on diverse immune cell popula-
tions. All the LIHC patients were divided into diverse immune risk
groups, and they showed different prognoses.

Liver hepatocellular carcinoma is highly heterogeneous immu-
nologically, and immune-related genes have been identified and
studied.?*?> Most of these data involve coding genes. Some im-
portant non-coding RNAs, including IncRNAs, have been ignored.
LncRNAs are emerging as critical regulators of gene expression
and play fundamental roles in immune regulation for many kinds
of cancers.'® In the present study, we integrated gene and IncRNA
expression in order to globally describe immune characteristics
for LIHC patients. We discovered that some of the identified im-
mune-related genes and IncRNAs were associated with immune
functions and cancer in previous experiments (Table S2). Some
key immune-related IncRNAs, such as MIR9-3HG, SYP-AS1 and
LINC02542, were identified. LINC0O1564 could interact with 12
ICPR genes and was considered a cancer-related IncRNA.? More
significantly, LINC01564 was also successfully detected in patient
urine samples and was up-regulated when compared with urine
from normal (healthy) individuals. These immune-related IncRNAs
were co-expressed with many ICPR genes in LIHC. They may reg-
ulate ICPR gene expression or may work with ICPR genes together
in LIHC. Presently, a co-expression network was used to identify
immune-related IncRNAs. Weighted correlation network analysis
(WGCNA) is also an effective method to determine relationships
between genes and IncRNAs. WGCNA retains the continuity
of network node connectivity and can identify core modules.
However, different data preprocessing and analysis parameters
will also lead to different results for WGCNA. Thus, apprecia-
ble differences can be evident for selected core modules. With

a small number of known immune genes, comparing to WGCNA
the co-expressed network may contain more global information.
In future studies, we intend to investigate the differences in the
co-expression network and WGCNA approaches in the identifica-
tion of immune-related IncRNAs.

The tumour microenvironment can be classified into immuno-
logically active “inflamed” tumours and inactive “non-inflamed” tu-
mours based on the infiltration of cytotoxic immune cells.>* More
precise classification of the LIHC microenvironment could improve
our understanding of its immune diversity and immunotherapeutic
response. Thus, dividing LIHC patients into diverse groups based on
immune risk could be beneficial for diagnosis, prognosis and treat-
ment. Presently, the LIHC patients were divided into three immune
risk groups. Those patients harbouring more types of immune cell
populations had better survival outcomes. Other classification meth-
ods produced consistent performance. For example, dividing the
samples into two groups with seven as the boundary value yielded
significant prognosis results (P = .02), as did dividing the samples into
two groups with six as the boundary value (P = .02). These results
indicate that patients with more immune cell types tend to have a
better prognosis.

There are many immune cell populations in immune systems.
They communicate with each other and also have their own func-
tions. Most previous studies only explored the influence of the
immune system on patients, without considering the various pop-
ulations of immune cells. Presently, we defined 17 immune cell
populations and analysed their respective characteristics in LIHC.
Diverse LIHC patients were associated with different immune cell
populations. Some immune cell populations, such as Treg cells,
were present in more than 80% of the LIHC patients. However,
activated CD8 T cells were only present in 7.59% of the samples.
The present study provides a standardized computational pipeline
to identify immune-related IncRNAs in LIHC. It also provides a
data resource concerning candidate immune-related IncRNAs for
further analyses in LIHC. Future studies will focus on investigating
more LIHC samples to validate the accuracy and stability of the
method presented here. Experimental validation of our results is
also necessary.

In summary, IncRNAs are an important layer in the immune com-
plexity in LIHC. Dividing LIHC patients into diverse immune risk
groups would aid in evaluating prognosis. Our study provides an in-
sight for the identification of novel immune-related biomarkers and
immunotherapies for LIHC.

ACKNOWLEDGEMENTS
Not applicable.

CONFLICT OF INTEREST
The authors declare that they have no competing interests.

AUTHOR CONTRIBUTIONS
Li Li: Formal analysis (equal); Methodology (equal). Xiaowei Song:

Data curation (equal); Formal analysis (equal); Methodology (equal).



LI ET AL

Yanju Lv: Software (equal); Visualization (equal). Qiuying Jiang:
Software (equal); Validation (equal). Chengjuan Fan: Validation
(equal). Dayong Huang: Conceptualization (lead); Writing-original
draft (lead); Writing-review & editing (lead).

ETHICS APPROVAL AND CONSENT TO PARTICIPATE
Not applicable.

PATIENT CONSENT FOR PUBLICATION
Not applicable.

CONSENT FOR PUBLICATION
Not applicable.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from

the corresponding author upon reasonable request.

ORCID

Dayong Huang https://orcid.org/0000-0001-9375-6250

REFERENCES

1. Bruix J, Gores GJ, Mazzaferro V. Hepatocellular carcinoma: clinical
frontiers and perspectives. Gut. 2014;63:844-855.

2. Yang JD, Roberts LR. Hepatocellular carcinoma: a global view. Nat
Rev Gastroenterol Hepatol. 2010;7:448-458.

3. Mittal S, El-Serag HB. Epidemiology of hepatocellular carcinoma:
consider the population. J Clin Gastroenterol. 2013;47(Suppl):52-6.

4. Fattovich G, Stroffolini T, Zagni I, Donato F. Hepatocellular car-
cinoma in cirrhosis: incidence and risk factors. Gastroenterology.
2004;127:535-5S50.

5. Njei B, Rotman Y, Ditah I, Lim JK. Emerging trends in hepatocellular
carcinoma incidence and mortality. Hepatology. 2015;61:191-199.

6. Llovet JM. Liver cancer: time to evolve trial design after everolimus
failure. Nat Rev Clin Oncol. 2014;11:506-507.

7. Devaux Y, Zangrando J, Schroen B, et al. Long noncoding RNAs in
cardiac development and ageing. Nat Rev Cardiol 2015;12:415-425.

8. St Laurent G, Wahlestedt C, Kapranov P. The Landscape of long
noncoding RNA classification. Trend Genet. 2015;31:239-251.

9. Kopp F, Mendell JT. Functional classification and experimental dis-
section of long noncoding RNAs. Cell. 2018;172:393-407.

10. Wu DM, Zheng ZH, Zhang YB, et al. Down-regulated IncRNA
DLX6-AS1 inhibits tumorigenesis through STAT3 signaling pathway
by suppressing CADM1 promoter methylation in liver cancer stem
cells. J Exp Clin Cancer Res 2019;38:237.

11. Feng J, Yang G, Liu Y, et al. LncRNA PCNAP1 modulates hepati-
tis B virus replication and enhances tumor growth of liver cancer.
Theranostics. 2019;9:5227-5245.

12. MaY, Cao LG, Hu J, Liu X, Liu J. Silence of IncRNA HEIH suppressed
liver cancer cell growth and metastasis through miR-19%9a-3p/
mTOR axis. J Cell Biochem. 2019;120:17757-17766.

WILEY- 2%

13. Kaufmann SHE. Immunology's coming of age. Front Immunol.
2019;10:684.

14. Chen YG, Satpathy AT, Chang HY. Gene regulation in the immune
system by long noncoding RNAs. Nat Immunol. 2017;18:962-972.

15. Li Y, Jiang T, Zhou W, et al. Pan-cancer characterization of im-
mune-related IncRNAs identifies potential oncogenic biomarkers.
Nat Commun. 2020;11:1000.

16. XuH,JiangY, Xu X, et al. Inducible degradation of IncRNA Sros1 pro-
motes IFN-gamma-mediated activation of innate immune responses
by stabilizing Statl mRNA. Nat Immunol. 2019;20:1621-1630.

17. Shang A, Wang W, Gu C, et al. Long non-coding RNA HOTTIP en-
hances IL-6 expression to potentiate immune escape of ovarian
cancer cells by upregulating the expression of PD-L1 in neutrophils.
J Exp Clin Cancer Res. 2019;38:411.

18. Tamborero D, Rubio-Perez C, Muinos F, et al. A Pan-cancer land-
scape of interactions between solid tumors and infiltrating immune
cell populations. Clin Cancer Res. 2018;24:3717-3728.

19. Bindea G, Mlecnik B, Tosolini M, et al. Spatiotemporal dynamics of
intratumoral immune cells reveal the immune landscape in human
cancer. Immunity. 2013;39:782-795.

20. Charoentong P, Finotello F, Angelova M, et al. Pan-cancer immu-
nogenomic analyses reveal genotype-immunophenotype relation-
ships and predictors of response to checkpoint blockade. Cell Rep.
2017;18:248-262.

21. Reichert MC, Lammert F. ABCB4 gene aberrations in human liver
disease: an evolving spectrum. Semin Liver Dis. 2018;38:299-307.

22. HuY, Guo G, Li J, Chen J, Tan P. Screening key IncRNAs with diag-
nostic and prognostic value for head and neck squamous cell carci-
noma based on machine learning and mRNA-IncRNA co-expression
network analysis. Cancer Biomark. 2020;27:195-206.

23. Wang W, Li J, Lin F, Guo J, Zhao J. Identification of N(6)-
methyladenosine-related IncRNAs for patients with primary glio-
blastoma. Neurosurg Rev. 2020; 17: 736.

24. Fujita M, Yamaguchi R, Hasegawa T, et al. Classification of primary
liver cancer with immunosuppression mechanisms and correlation
with genomic alterations. EBioMedicine. 2020;53:102659.

25. Wei Y, Shi D, Liang Z, et al. IL-17A secreted from lymphatic endo-
thelial cells promotes tumorigenesis by upregulation of PD-L1 in
hepatoma stem cells. J Hepatol. 2019;71:1206-1215.

26. Lee B, Mazar J, Aftab MN, et al. Long noncoding RNAs as puta-
tive biomarkers for prostate cancer detection. J Mol Diagnost.
2014;16:615-626.

SUPPORTING INFORMATION
Additional supporting information may be found online in the
Supporting Information section.

How to cite this article: Li L, Song X, Lv Y, Jiang Q, Fan C,
Huang D. Landscape of associations between long non-
coding RNAs and infiltrating immune cells in liver
hepatocellular carcinoma. J Cell Mol Med. 2020;24:11243-
112583. https://doi.org/10.1111/jcmm.15690



https://orcid.org/0000-0001-9375-6250
https://orcid.org/0000-0001-9375-6250
https://doi.org/10.1111/jcmm.15690

