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Hepatocellular carcinoma (HCC) is a common malignancy with higher mortality, and
means are urgently needed to improve the prognosis. T cell exclusion (TCE) plays a pivotal
role in immune evasion, and lncRNAs represent a large group of tumor development and
progression modulators. Using the TCGA HCC dataset (n=374), we identified 2752
differentially expressed and 702 TCE-associated lncRNAs, of which 336 were in both
groups. As identified using the univariate Cox regression analysis, those associated with
overall survival (OS) were subjected to the LASSO-COX regression analysis to develop a
prognosis signature. The model, which consisted of 11 lncRNAs and was named
11LNCPS for 11-lncRNA prognosis signature, was validated and performed better than
two previous models. In addition to OS and TCE, higher 11LNCPS scores had a
significant correlation with reduced infiltrations of CD8+ T cells and dendritic cells (DCs)
and decreased infiltrations of Th1, Th2, and pro B cells. As expected, these infiltration
alterations were significantly associated with worse OS in HCC. Analysis of published data
indicates that HCCs with higher 11LNCPS scores were transcriptomically similar to those
that responded better to PDL1 inhibitor. Of the 11LNCPS lncRNAs, LINC01134 and
AC116025.2 seem more crucial, as their upregulations affected more immune cell types’
infiltrations and were significantly associated with TCE, worse OS, and compromised
immune responses in HCC. LncRNAs in the 11LNCPS impacted many cancer-associated
biological processes and signaling pathways, particularly those involved in immune
function and metabolism. The 11LNCPS should be useful for predicting prognosis and
immune responses in HCC.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most common
human malignancies and the third leading cause of cancer-
associated deaths worldwide (1, 2). Several therapies such as
surgical resection, liver transplantation, radiotherapy, and
chemotherapy are available for HCC treatment. However, the
survival of patients with advanced or metastatic HCC is quite
limited, and the lack of timely diagnosis, prognosis evaluation,
and effective treatments are some of the reasons (3, 4). It is thus
imperative to develop prognostic models that can help decision
making in HCC treatment.

Accumulating evidence indicates that immunotherapy is a
promising strategy for cancer treatment, which largely relies on
the successful application of immune-checkpoint inhibitors
(ICIs) at present (1, 5–7). The combination of ICIs and
conventional therapies are also under development as
additional therapeutic strategies for HCC treatment (8). For
instance, combined administration of the PDL1 inhibitor
atezolizumab and the VEGF inhibitor bevacizumab has
become a first-line therapeutic strategy for advanced HCC (9).
Although immunotherapy has shown remarkable outcomes,
only one-third of patients benefit from it (10). One of the
main factors affecting the effectiveness of immunotherapy is
tumor immune evasion (11, 12). Cancer cells evade the
immune system to avoid antitumor immunity and enhance
tumor malignancy (1, 13, 14), and T cell exclusion (TCE) is
one of the primary mechanisms for tumor immune escape (15).
Some immunosuppressive factors exclude T cells, especially
cytotoxic CD8+ T cells, from infiltration tumors, making a
tumor “cold”. Hence, it is crucial to construct accurate
prognostic models for TCE in HCC, which could help predict
patient response to immunotherapy.

Long noncoding RNAs (lncRNAs) are a common type of
noncoding RNAs with more than 200 nucleotides in length and
play essential roles in cancer development and progression (1, 16–
18). For example, lncRNAs regulate cancerprogressionbychanging
the transcriptome and proteome of cancer cells and influencing the
infiltration of immune cells to alter the immunemicroenvironment
(19–21). LncRNAs could thus act as immune regulators in tumor
immune evasion. Therefore, gaining more insights into T cell
exclusion-related lncRNAs could potentially improve
understanding the roles of TCE and lncRNAs in immunotherapy.

Currently, there are hardly any studies examining TCE-
related lncRNAs in HCC, yet such lncRNAs could be potential
therapeutic targets and prognostic markers. In this study, we
identified differentially expressed and TCE-associated lncRNAs
and used them to develop a prognosis signature to predict
immune responses to HCC. The model consisted of 11
lncRNAs and was named 11LNCPS for 11-lncRNA prognosis
signature. In addition to OS and TCE, higher 11LNCPS scores
had a significant correlation with reduced infiltrations of CD8+ T
cells and dendritic cells (DCs) and decreased infiltrations of Th1,
Th2, and pro B cells. These infiltration alterations were
significantly associated with worse OS in HCC. HCC patients
with higher 11LNCPS scores were transcriptomically similar to
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those who responded better to PDL1 inhibitor. Two of the
11LNCPS lncRNAs, LINC01134 and AC116025.2, were more
crucial because their upregulations affected more immune cell
types’ infiltrations and were significantly associated with worse
OS, TCE, and compromised immune function in HCC.
LncRNAs in the 11LNCPS impacted many cancer-associated
biological processes and signaling pathways, particularly those
involved in immune function and metabolism.
MATERIALS AND METHODS

Data Sources and Processing
Gene expression data and clinicopathological characteristics of
HCCs used in this study were generated by the Cancer Genome
Atlas (TCGA) and are available at https://www.cancer.gov/
about-nci/organization/ccg/research/structural-genomics/tcga.
Downloaded data included FPKM (fragments per kilobase of
transcript per million) reads-based gene expression data and the
raw read count values. The R package “TCGAbiolinks” was used
for downloading (22). After screening for data quality, 374 HCC
samples were retained in this study. Of the 374 cases, one lacked
prognostic information, so 373 were used for model construction
and survival analyses (Figure 1). In addition, the tumor immune
dysfunction and exclusion (TIDE) algorithm, as described in a
previous study (15), was used to determine both the T cell
exclusion (TCE) level and the T cell dysfunction level using the
FPKM expression matrix.

To explore what chemokines/cytokines and immune
checkpoint ligands mediate the communications between HCC
cells and CD8+ T cells, we analyzed a single-cell RNA-
sequencing (scRNS-seq) data of HCC (GSE146115) available in
the Gene Expression Omnibus (GEO) (23). After performing
imputation on the dropouts by the “scImpute” algorithm (24),
the R package “Seurat” (25) was used for dimensional reduction,
clustering analysis, and cell type annotation. Finally, the CellChat
Explorer (26) program was used to infer the biologically
significant interactions between chemokines, cytokines, and
immune checkpoint (ICP) ligands and their receptors in the
interactions between HCC cells and CD8+ T cells.

Identification of HCC- and
TCE-Associated lncRNAs
To identify lncRNAs that are differentially expressed betweenHCC
and adjacent morphologically normal liver tissues, we used the R
packages “edgeR” (27, 28) and “limma” (29) to analyze the 374
HCC tissues and 50 adjacent normal liver tissues. The thresholds of
P ≤ 0.05 and |log2FC| (FC: Fold change) > 0.5 were used.
The GENCODE database (30) was used to identify lncRNAs.

After HCC tissues were divided into TCE-higher (n = 187) and
TCE-lower (n = 187) groups by themedian TCE level following the
TIDEanalysis, the edgeR-limmaprocedurewas alsoused to identify
differentially expressed lncRNAs between the two TCE groups.

LncRNAs differential expression between HCC and normal
tissues and between TCE-higher and TCE-lower groups were
identified as HCC- and TCE-associated lncRNAs.
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Construction and Validation of a
TCE-Associated lncRNA Prognostic
Model: 11LNCPS
The 373 HCCs with prognostic information were randomly assigned
to the training cohort (n=187) andvalidationcohort (n=186) at a 1:1
ratio using the R package “caret”. Univariate Cox regression analysis
wasperformed toassess the associationof eachdifferentially expressed
and TCE-associated lncRNA with the overall survival (OS) in the
training cohort. LncRNAs significantly correlatedwithOS (P≤ 0.001)
were subjected to the LASSO-COXregression analysis (31) to develop
theprognosticmodel (i.e., 11LNCPS).Basedon themodel, a risk score
(RS) for OS was built based on a linear combination of the regression
coefficient derived from the multivariate Cox regression model and
the expression level of the optimized lncRNAs.

The 11LNCPS score (risk score) was computed as follows:
Risk score =oN

i=1(Ci � Factori), where N represents the number
of prognostic factors, Factori represents the expression of
lncRNAs, and Ci represents the regression coefficient of the
multivariate Cox regression model (1, 32, 33).

HCCs in the training cohort were then divided into two
groups using the median, one with higher 11LNCPS scores and
the other with lower scores, for model evaluation. Kaplan-Meier
analysis was used for overall survival, with the log-rank test to
evaluate statistical significance.
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The time-dependent receiver‐operating characteristic (ROC)
analysis was performed to evaluate the accuracy of the 11LNCPS
classifier in survival prediction at 1, 2, and 3 years in the training
cohort. The calibration curves, Harrell’s concordance index (C-
index) curves, and ROC Areas under the curves (AUCs) were
calculated for model evaluation. Calibration curves were
calculated by calibrating the function implemented in the
“rms” package to assess the predictive ability. The 11LNCPS
was also validated in the validation and entire cohorts. In
addition, the 11LNCPS model was compared with two
previously reported effective HCC prognostic models for ROC,
C-index, and prediction error curves in the validation cohort
using the packages of “MASS”, “timeROC”, “survival”, and
“survminer”. One was the 8-gene model containing H2AFX,
SQSTM1, ITM2A, PFKP, TPD52L1, ACSL4, STRN3, and CPEB3
(34); and the other was the 4-gene model containing CENPA,
SPP1, MAGEB6, and HOXD9 (35).

Analysis of the Association of 11LNCPS
Scores With Immune Responses in HCC
Considering that TCE is primarily related to the immune escape
(15), we applied the xCell computational method (36–38) to
estimate the enrichment scores (xCell scores) of different immune
cell types in HCCs with higher and lower 11LNCPS scores.
FIGURE 1 | The workflow of the study. Expression data of hepatocellular carcinoma (HCC) and adjacent normal liver tissues were compared to identify differentially
expressed lncRNAs in HCC. All HCC with expression data were divided into higher and lower T cell exclusion (TCE) levels using the TIDE analysis. Higher- and
lower-TCE groups were compared to identify TCE-associated lncRNAs. Differentially expressed and TCE-associated lncRNAs were then merged to identify differently
expressed and TCE-associated lncRNAs, which were then subjected to LASSO and multivariate Cox analyses to construct the 11LNCPS predictive of patient
survival. LINC01134 and AC116025.2 were then identified as the critical members of the signature.
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A total of 374 HCC samples with normalized gene expression
FPKM data and standard annotation were used to analyze the
distribution of 34 types of immune cells using the xCell pipeline.
The 34 types of immune cells included CD4+ naive T-cells, CD4+
T-cells, CD4+ memory T-cells, CD4+ Tcm (central memory T
cell), CD4+ Tem (effective memory T cell), CD8+ naive T-cells,
CD8+ T-cells, CD8+ Tcm, CD8+ Tcm, Treg cells, gamma delta T
cells (Tgd cells), Th1 cells, Th2 cells, natural killer T cell (NKT),
natural killer cell (NK), pro B-cells (B cell progenitors), naive B-
cells, B-cells, memory B-cells, class-switched memory B-cells,
plasma cells, monocytes, macrophages, macrophages M1,
macrophages M2, dendritic cell (DC), activated dendritic cell
(aDC), conventional dendritic cell (cDC), plasmacytoid dendritic
cell (pDC), immature dendritic cell (iDC), neutrophils,
eosinophils, mast cells, and basophils.

The Kaplan-Meier (K-M) analysis was performed to assess
whether the infiltrating status of different immune cell types
affects patient survival in HCC. Survival outcomes were
calculated and visualized using the R packages “survival” and
“survminer”. The correlation between an xCell score and an
immune cell type was analyzed with P ≤ 0.05 and |log2 (FC)| >
0.25 following the procedure described previously (36), and the
outcome was visualized using the R packages “pheatmap”,
“EnhancedVolcano” and “ggpubr”.

TIDE algorithm was then applied to evaluate the association
of 11LNCPS scores with TCE and T cell dysfunction. HCCs were
divided into higher and lower 11LNCPS scores using the median,
and the TIDE algorithm (15) was then applied to each group.
The outcome was visualized using “ggpubr”.

To determine whether the 11LNCPS score is associated with
therapeutic responses to ICIs, the 373 HCCs were divided into two
groups, one with higher and one with lower 11LNCPS scores,
using the median. The Subclass Mapping (SubMap) algorithm
(39) was then applied to measure the correspondence between the
two 11LNCPS groups and groups of malignancies with and
without responses to anti‐CTAL‐4, anti‐PD‐1, and anti‐PD‐L1
therapies from previous studies (40, 41). The outcome was
visualized using the R packages of “pheatmap” and “ggpubr”.
Gene Ontology (GO) Enrichment, Kyoto
Encyclopedia of Genes and Genomes
(KEGG) Pathway Analysis, and Gene Set
Enrichment Analysis (GSEA)
To determine the critical biological pathways and characteristics
of HCC determined by 11LNCPS score, the GO, KEGG pathway
analysis, and GSEA (42, 43) were applied to HCCs with higher
and lower 11LNCPS scores using the R packages “GSEABase”,
“clusterProfiler” (44), “enrichplot”, and “org.Hs.eg.db”. Briefly,
the edgeR-limma procedure was used to find differentially
expressed genes (DEGs) between HCCs with higher-RS and
those with lower RS in TCGA. DEGs with thresholds of P ≤
0.05 and |log2FC| (FC: Fold change) > 0.5, were subjected to GO
and KEGG analysis. Go analysis included BP (biological
process), CC (cellular component), and MF (molecular
function). For GSEA, all DEGs were subjected to the “GSVA”
Frontiers in Immunology | www.frontiersin.org 4
package (45) after ranking from high to low based on their FC
values. A P value smaller than 0.05 was considered significant in
the GSEA. The hallmark gene set “h.all.v7.1.symbols.gmt” was
downloaded from https://www.gsea-msigdb.org/and subjected to
“GSVA” in a similar fashion.

Identification of Critical Members of the
11LNCPS lncRNAs
For each of the 11 lncRNAs in the 11LNCPS, a series of analyses
were performed to identify the core one. The Kaplan-Meier
survival analysis was performed to assess whether a lncRNA’s
expression level is associated with the overall survival (OS) in the
373 HCC patients.

Correlation of each lncRNA’s expression level with T cell
exclusion (TCE) was ranked based on the Spearman correlation
coefficient value, with those greater than 0.2 with P ≤ 0.05
considered significant. Infiltration levels of prognosis-
associated immune cells were also compared between HCCs
with higher and lower 11LNCPS scores and HCCs with higher
and lower expression levels of the 11LNCPS lncRNAs. Those
with a lower level. LncRNAs whose higher expression levels
significantly correlated with worse patient OS, whose Spearman
correlation coefficient values were greater than 0.2 (P ≤ 0.05), and
that affected infiltrations of more immune cell types were
considered crucial members of the 11LNCPS, including
LINC01134 and AC116025.2. The outcome was visualized by
the R packages “pheatmap”, “ggpubr”, “corrplot” and “ggplot2”.

Test of Whether LINC01134
and AC116025.2 Affect TCE
and T Cell Dysfunction
The relationship between LINC01134 and AC116025.2
expression and TCE or T cell dysfunction was tested using the
TIDE algorithm, and the outcome was visualized using the
“ggpubr” R package.

Enrichment Analysis for Biological
Functions Affected by the Critical
11LNCPS lncRNAs
To explore the biological functions of LINC01134 and AC116025.2
in HCC, we performed GO, KEGG, and GSEA analysis in HCCs
as described in the previous enrichment analysis.

Cell Lines and Cell Culture
Normal liver cells QSG-7701 and LO2 were kindly provided by
Dr. Liang Yang of the Southern University of Science and
Technology. HCC cell lines HepG2 and Huh-7 were purchased
from the BeNa Culture Collection (Beijing, China). The Jurkat
cell line was kindly provided by Dr. Lili Ren of Shenzhen People’s
Hospital. The DMEMmedium (Gibco, USA) supplemented with
antibiotics (Biological Industries, Israel) and 10% FBS (Gibco)
was used for liver cell culture. The RPMI 1640 medium (Gibco)
supplemented with antibiotics and 10% FBS were used for Jurkat
cells. All cells were cultured at 37 °C in a humidified atmosphere
containing 5% CO2.
April 2022 | Volume 13 | Article 880288
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Cell Transfection and Conditioned Medium
(CM) Preparation
Both the negative control siRNAs (si-NC) and the LINC01134
siRNAs were provided by GenePharma (Shanghai, China).
Sequences of s iRNAs against LINC01134 were 5 ′-
GACAGGTTTGAGCTAGAAAC-3′ (si-LINC01134-1) and 5′-
GCAAAUGCACAGCGAGGAAAG-3′ (si-LINC01134-5). At
confluency of 30–50%, HepG2 or Huh-7 cells were transfected
with siRNAs using the Lipofectamine RNAiMAX reagent
(Invitrogen, USA). After 48 hours, transfected cells were split
into two portions. One was used for RNA isolation and gene
expression analysis, and the other was grown in a 6-well plate for
48 hours to collect the conditioned medium (CM). Each
experiment was repeated twice unless otherwise stated.

Quantitative Real-Time Polymerase Chain
Reaction (qRT-PCR)
Total RNAwas extracted fromcultured cells using the Eastep Super
Total RNA Extraction Kit (Promega, USA) and reverse transcribed
into cDNA using the HiScript III All-in-one RT SuperMix Perfect
for qPCR Kit (Vazyme, China). PCR was performed with the KT
SYBR qPCR Mix (Ktsm-life, China) using the qTOWER 3.0 PCR
system (Jena Industries,Germany). Primers and their sequences are
as follow: LINC01134, 5′-ATGAACAGCAAATGCACAGCG-3′
(forward) and 5′- ATAGGTCTTGGCTGGTTCTCG-3′ (reverse);
AC116025.2, 5′-TGGAGCAGAAAGAGCTGTCTCAAG-3′
(forward) and 5′-TGTCAGGAAACTGTGTGGACG-3′ (reverse);
CXCL1, 5′-CTGGCTTAGAACAAAGGGGCT-3′ (forward) and
5′-TAAAGGTAGCCCTTGTTTCCCC-3′ (reverse); CXCL2, 5′-
CCCATGGTTAAGAAAATCATCG-3′ (forward) and 5′-CTTC
AGGAACAGCCACCAAT-3′ (reverse); CXCL3, 5′-CGCCCAAA
CCGAAGTCATAG-3′ (forward) and 5′-ACCTTGCCTTC
TTTGTCTTTGTTGGA-3′ (reverse); and b-actin, 5′-TCCCTG
GAGAAGAGCTACGA-3′ (forward) and 5′-GCTCCCCTT
GTTCAGTATCTTTT-3′ (reverse). In the PCR, b-actin served as
the endogenous control. The relative expression of genes was
calculated using the −2DDCt method.

T Cell Migration Analysis
T cell migration was analyzed using the transwell assay as
previously described (46–48). Briefly, Jurkat cells (106 cells/ml)
were washed with PBS and serum-starved for 3 hours, 105 cells in
0.1 ml were then seeded onto an 8.0-mm pore size insert
(Corning, USA), and 400 ml complete medium or CM were
then added to the lower chambers of a 24-well plate (Corning).
After incubation at 37°C for 16 hours in an incubator, migrated
cells in the lower chambers were collected and counted using an
automated cell counter (Invitrogen). The numbers of migrated
cells in different groups were normalized by the number of cells
from the complete medium group.

Statistical Analysis
The R software (version 4.1.1) was used for all statistical analyses
and plot drawings except as specifically stated. Patients were
randomly grouped using the “caret” R package. The univariate
and multivariate Cox proportional hazards regression analyses
Frontiers in Immunology | www.frontiersin.org 5
were performed using the “survival” package. Kaplan-Meier
analysis was used for overall survival, with the log-rank test to
evaluate statistical significance. Statistical differences between the
two groups were assessed using the Wilcoxon test. The grouping
basis (the cutoff point) was the median value of each
corresponding index.One-way ANOVA with Bonferroni’s
multiple-comparisons test was performed for qPCR and T cell
migration analysis using the GraphPad Prism (GraphPad Prism
8). P < 0.05 was considered statistically significant unless
otherwise stated.
RESULTS

Identification of Differentially Expressed
and TCE-Associated lncRNAs in HCC
The workflow of the entire study is summarized in Figure 1. In
total, the TCGA database contained 374 HCC cases with gene
expression data. All the 374 cases were used for the identification of
differentially expressed and TCE-associated lncRNAs. One of the
374 cases lacked prognostic information and thus was excluded for
model construction and survival analysis. Using the 374 HCCs and
50 cases of noncancerous liver tissues with expression profiling and
other information, two groups of differentially expressed genes
(DEGs) were identified from a total of 56493 human genes,
including lncRNA, other noncoding RNA, and protein coding
genes. One group contained 8191 genes that were differentially
expressed between HCCs and normal liver tissues, with 6438
upregulated and 1753 downregulated in HCC (Figure 1 and
Figure S1A). Among these 8191 DEGs, 2752 were lncRNAs
(Figure 1). The other group contained 4127 TCE-associated
genes that were differentially expressed between HCCs with
higher TCE scores and those with lower TCE scores, including
2914 upregulated and 1213 downregulated in the TCE-higher group
(Figure 1 and Figure S1B). Of the 4127 TCE-associated genes, 702
were lncRNAs (Figure 1). In total, 336 lncRNAs were both
differentially expressed and TCE-associated in HCC (Figure 2A
and Table S1).

Construction of the TCE-Associated
11 lncRNA Prognostic Signature
(11LNCPS) in HCC
Of the 374 HCC cases, one lacked prognostic information and thus
was excluded for model construction and survival analysis. The 373
HCCs with survival data were divided into the training (n = 187)
and validation (n = 186) cohorts. Each differentially expressed TCE-
associated lncRNA in the training cohort was subjected to the
univariate Cox regression analysis to evaluate its association with
patients’ overall survival (OS). Fifty-four lncRNAs were significantly
associated with prognosis (P < 0.001) (Table S1). The LASSO-Cox
regression analysis was then performed, in which tenfold cross-
validation was applied to overcome overfitting with an optimal l
value of 0.028393 selected (Figure 2B). A combination of 11
lncRNAs had non-zero LASSO coefficients and thus was the most
robust prognostic value (Figure 2C). This combination of 11
lncRNAs was named 11 lncRNA prognostic signature
(11LNCPS). The 11 lncRNAs included LINC01134, C2orf27A,
April 2022 | Volume 13 | Article 880288
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LINC00501, AC104066.3, AC034229.4, CASC8, FAM225B,
AL451069.3, AL161669.3, AC116025.2 and LINC00632.

To determine the 11LNCPS score, the Cox multivariate
regression analysis was used to evaluate each of the 11 lncRNA’s
Frontiers in Immunology | www.frontiersin.org 6
contribution to the 11LNCPS (Table 1), which resulted in the
following formular for calculating the risk score (i.e., 11LNCPS
score) in an HCC: 11LNCPS score = 0.214579 × expression of
LINC01134 + 0.019508 × expression of C2orf27A + 1.045738 ×
A B

D

E

F

C

FIGURE 2 | Construction, validation, and evaluation of an 11-lncRNA signature predictive of prognosis (11LNCPS) in HCC patients. (A) Venn diagram showing the
overlapping lncRNAs (n = 336) between lncRNAs differentially expressed in HCC (n = 2752, red) and those associated with T cell exclusion (TCE, n = 702, blue). (B) Partial
likelihood deviance of varying numbers of prognostic lncRNAs revealed by the LASSO regression model. The grey lines represent the partial likelihood deviance ± standard
error (SE). The two vertical lines represent optimal values based on the minimum criteria and 1-SE criteria. The proper log (Lambda) value was chosen via the minimum criteria.
(C) Identification of 11 lncRNAs by the LASSO logistic regression model with non-zero coefficients. (D) The Kaplan–Meier analysis of overall survival (OS) in the training cohort
(left), validation cohort (center), and entire cohort (right) cohort of TCGA HCC patients with higher and lower 11LNCPS scores based on the median. The cutoff value of group
dividing was the median RS score. (E) Receiver operating characteristic (ROC) curves of the 11LNCPS model for evaluating the predictability of OS in 1, 2, and 3 years in the
training cohort (left), validation cohort (center), and entire cohort (right) cohort. (F) Comparison of ROC curves between the 11LNCPS model (red) and the previously
established 8-gene model (blue) and 4-gene model (green) for 1, 2, and 3 years OS in the validation cohort.
April 2022 | Volume 13 | Article 880288
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expression of LINC00501 + 1.244493 × expression of AC104066.3 +
0.140677 × expression of AC034229.4 + 0.302498 × expression of
CASC8 + 7.231505 × expression of FAM225B + 0.089521 ×
expression of AL451069.3 + 0.226717 × expression of
AL161669.3 + 0.224378 × expression of AC116025.2 + 0.371662 ×
expression of LINC00632.

Construction of the TCE-Associated 11
lncRNA Prognostic Signature
(11LNCPS) in HCC
To test the validity and effectiveness of the 11LNCPS in HCC, we
calculated the 11LNCPS risk score for each case in the training,
validation, and entire cohorts; dividedHCCs in each cohort into the
higher- and lower-risk groups using the median 11LNCPS score;
and performed a series of analyses (Figures 2D–F and Figures
S2A–D). TheKaplan-Meier analysis demonstrated that theOS rate
was better in patients with lower 11LNCPS scores than those with
higher scores in each cohort (P ≤ 0.05, Figure 2D).

The area under ROC curve (AUC) for 1, 2, and 3 years
reached 0.67, 0.7, and 0.74, respectively, in the training cohort;
0.71, 0.69, and 0.64, respectively, in the validation cohort; and
0.68, 0.7, and 0.69, respectively, in the entire cohort (Figure 2E).
These AUC curves indicate a reasonable discrimination power of
the 11LNCPS in HCC. Additionally, the 11LNCPS’s C-index was
greater than 0.60 for 1, 2, and 3 years in each cohort, showing an
excellent predictive accuracy of the 11LNCPS (Figure S2A).
Furthermore, the calibration curve demonstrated good
consistency for 1, 2, and 3 years in each cohort (Figure S2B).

We also compared our 11LNCPS model with two reported
models, i.e., the 8-genemodel (34) and the 4-genemodel (35) in the
validation cohort. For each of the 3 time points (1, 2, and 3 years),
11LNCPS showed a higher AUC value (Figure 2F) and a higher C-
index (Figure S2C). Each model’s predicted error line overlapped
well with the reference line (Figure S2D), demonstrating a lower
predicted error rate for each of the 3 models.

The 11LNCPS Scores Nicely Correlate
With Immune Responses to HCC
We applied the xCell algorithm to the RNA-seq datasets of the
374 HCCs to determine the infiltration levels of 34 types of
Frontiers in Immunology | www.frontiersin.org 7
immune cells (Figure S3). The correlation between an immune
cell infiltration and patient OS was evaluated using the Kaplan-
Meier analysis (Figure 3A and Figure S4). Altered infiltrations
of 7 types of immune cells were significantly associated with OS
(Figure 3). Increased infiltrations of CD8+ naive, CD8+ Tcm,
CD8+ T, and pDC cells were associated with better OS, while
increased infiltrations of Th1, Th2, and pro B cells were
associated with a worse OS in HCC (Figure 3A).

Toevaluate the relationshipbetween the 11LNCPS and immune
responses to HCC, we divided all HCCs into higher and lower
11LNCPS scoresusing themedianandcompared thedistributionof
different immune cell types between the two groups (Figure 3B and
Figure S5). HCCs with higher 11LNCPS scores had decreased
infiltrations of CD8+ Tcm, macrophages, macrophages M2, aDCs,
and cDCs immune cells and increased infiltrations of Th1, Th2, pro
B, B, and basophils cells (Figure 3B). In the Kaplan-Meier analysis,
alterations in 4 of the 10 immune cell types were significantly
associatged with OS (Figure 3A). The 4 alterations included
decreased filtration of CD8+ Tcm cells and increased filtrations of
Th1, Th2, and pro B cells (Figures 3A, B).

TIDE is a computer program thatmodels the induction of T cell
dysfunction in tumors with higher infiltration of cytotoxic T cells
and the prevention of T cell infiltration in tumors with lower levels
of such cells (15). To further explore the impact of 11LNCPS
lncRNAs on immune responses in HCC, we compared HCCs
with higher and lower 11LNCPS scores for TCE and T cell
dysfunction levels which were analyzed using the TIDE program.
HCCs with higher 11LNCPS scores had significantly higher TCE
scores and lower T cell dysfunction levels than those with lower
11LNCPS scores (P ≤ 0.05) (Figures 3C, D).

Using the SubMap analysis, we comparedHCCs with higher and
lower11LNCPSscores tomalignancieswithandwithout responses to
immunotherapies from previous studies (41, 49). HCCs with higher
11LNCPS scores were significantly associatedwithmalignancies that
respond to a PDL1 inhibitor (Figure 3E, P < 0.05).

Functional Impact of the 11LNCPS on
HCC Cells
Differentially expressed genes were identified in HCCs with
higher and lower 11LNCPS scores (Figure S6). Such genes
TABLE 1 | Univariate and multivariate Cox regression analysis for overall survival in the training cohort of HCCs from TCGA (n = 187).

Variables Univariate analysis Multivariate analysis

HR P value HR.95L HR.95H HR P value HR.95L HR.95H

LINC01134 2.957099 0.001928 1.490262 5.867717 1.23934 0.667749 1.49026198 5.8677175
C2orf27A 1.713252 0.000121 1.301973 2.254449 1.0197 0.932463 1.30197261 2.25444941
LINC00501 5.639399 3.96E-05 2.47158 12.8674 2.845499 0.124401 2.47158045 12.8674025
AC104066.3 7.467815 0.003104 1.969993 28.30886 3.471175 0.139087 1.96999337 28.3088586
AC034229.4 1.903967 0.003121 1.242232 2.918208 1.151052 0.67269 1.24223153 2.91820769
CASC8 1.554184 0.00019 1.232892 1.959205 1.353236 0.043159 1.23289183 1.95920478
FAM225B 7935.61 0.008989 9.418916 6685897 1382.301 0.108321 9.41891643 6685896.61
AL451069.3 1.115362 0.009697 1.026798 1.211566 1.093651 0.101831 1.02679797 1.21156582
AL161669.3 1.250841 0.000155 1.113895 1.404623 1.254475 0.001296 1.1138952 1.40462346
AC116025.2 2.414076 0.000745 1.446456 4.028994 1.251545 0.526933 1.44645621 4.02899437
LINC00632 1.833973 0.005234 1.198149 2.807209 1.450143 0.153236 1.19814937 2.80720913
April 20
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HR, hazard ratio; HR.95L, low 95% confidence interval of HR; HR.95H, high 95% confidence interval of HR. Significant P values (≤ 0.05) are in bold.
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were analyzed to evaluate the effect of 11LNCPS lncRNAs on
different biological processes and signaling pathways using the
GO, KEGG pathway, and GSEA analyses (Figure 4).

Many biological processes identified in the GO analysis are
involved in the cell cycle and DNA replication. These processes
included organelle fission, nuclear division, DNA-dependent DNA
replication, cell cycle checkpoint, chromosomal region, DNA
replication preinitiation complex, single-stranded DNA helicase
activity, ATPase activity, and DNA replication origin binding.
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In the KEGG pathway analysis, the top-ranked pathways were
involved in cell cycle and ligand-receptor interactions, including
cytokine and cytokine receptor-related signaling and the viral
proteins’ interactions with cytokines and cytokine receptors
(Figure 4B). They also included metabolism-associated
pathways such as retinol, drug, and xenobiotics (Figure 4B).

The GSEA analysis resulted in similar findings (Figure 4C).
Specifically, signaling pathways related to cell cycle and DNA
replication were significantly enriched in HCCs with higher
A

B

D EC

FIGURE 3 | The 11LNCPS scores predict immune responses in HCC. (A) Increased infiltrations of Th1, Th2, and pro B cells are associated with worse OS, while
that of CD8+ Tcm, CD8+ T, and pDC cells with better OS in HCC, as determined by the Kaplan-Meier analysis. (B) The infiltration level is different (P < 0.05)
between HCCs with higher 11LNCPS scores (red) and lower scores (blue) for 10 types of immune cells. (C, D) HCCs with higher 11LNCPS scores have higher TCE
scores (C) and lower T cell dysfunction scores (D). (E) Higher 11LNCPS scores are associated with better therapeutic responses to immune checkpoint inhibitors
(ICIs) in HCC patients. Nominal and Bonferroni corrected P values are shown for the correlation between 11LNCPS scores and ICI responses (CTAL4, PD1, and PD-
L1). noR, non-responder; R, responder. Grid colors indicate the correlation P values.
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11LNCPS scores, including G2M checkpoint, E2F targets, cell cycle,
and UV response containing DNA replication genes. Signaling
pathways related to metabolism, immune function, and cell death
were significantly suppressed inHCCs with higher 11LNCPS scores,
including fatty acid metabolism, bile acid metabolism, IL6-JAK-
STAT3 signaling, IFNa response, and apoptosis.

Therefore, the 11LNCPS appears to affect cell cycle signaling
pathways, DNA replication, immune function, and cell death.

LINC01134 and AC116025.2
Are Most Crucial Than Other
lncRNAs in the 11LNCPS
To rank the 11LNCPS’s 11 lncRNAs for their contributions to the
signature, we analyzed them for the association of expression change
withOSand immuneresponses inHCC. In theKaplan-Meier analysis,
the increased expression in 5 of the 11 lncRNAs was significantly
associated with worse OS, including LINC01134, AC104066.3,
AC034229.4,AC116025.2, andLINC00632 (Figure5A andFigureS7).

Based on the TCE scores revealed by the Spearman analysis,
increased expression in 8 of the 11 lncRNAs was significantly
associated with TCE (P < 0.05). These 8 lncRNAs and their
Spearman coefficient values were C2orf27A, 0.41; LINC01134, 0.33;
AC104066.3, 0.33; LINC00632, 0.31; AC034229.4, 0.29; AC116025.2,
0.26;FAM225B, 0.24; andLINC00501, 0.13, respectively (Figure 5B).

We further evaluate their effects on immune cell infiltration
for the 5 lncRNAs whose expression increase was significantly
associated with a worse OS.
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While expression change in LINC01134 or AC116025.2
significantly affected the infiltrations of 5 immune cell types,
expression change in other 11LNCPS lncRNAs altered 3 or 4
types (Figure 5C and Figure S8). Specifically, LINC01134 and
AC116025.2 upregulation was significantly associated with
increased infiltrations of Th1, Th2, and pro B immune cells
but decreased infiltrations of CD8+ naive T and CD8+ Tcm cells
(Figure 5C and Figures S8A, D). For the other 3 11LNCPS
lncRNAs associated with OS, AC034229.4 upregulation was
associated with increased infiltrations of Th1, Th2, and pro B
cells (Figure S8C); and higher levels of AC104066.3 and
LINC00632 were associated with increased infiltrations of Th2
and pro B cells and decreasing infiltration of CD8+ naive T cells
(Figures S8B, E).

Additionally, HCCs with higher LINC01134 or AC116025.2
expression had higher TCE scores and reduced T cell
dysfunction levels (Figures 5D, E).

Upregulation of LINC01134 and
AC116025.2 Could Impact Immune
Responses and Other Biological
Processes in HCC
Similar to the analyses of 11LNCPS for its potential impact on
biological processes and signaling pathways, we divided HCCs
with higher and lower expression levels of LINC01134 or
AC116025.2, identified differentially expressed genes, and
performed GO, KEGG pathway, and GSEA analyses (Figure S9).
A B

C

FIGURE 4 | Higher 11LNCPS scores are associated with several cancer hallmarks and immunological characteristics of HCC. (A, B)GO enrichment (A) and KEGG pathway (B)
analysis of differentially expressed genes (DEGs) between HCCs with higher and lower 11LNCPS scores. The heights of bars and sizes of dots represent the count of genes, while
the colors represent the adjusted P-value. (C) Significantly enriched cancer hallmarks in HCCs with higher 11LNCPS scores, as analyzed by the GSEA. Red and blue dots
indicate a pathway’s activation and suppression, respectively. The x-axis shows normalized enrichment scores (NES). All pathways with P values smaller than 0.05 are shown.
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The most enriched processes for LINC01134 in the GO
enrichment analysis included cell chemotaxis and chemokine
response related biological processes, chromosome related
molecular function, receptor-ligand activity, and chemokine
binding cellular component (Figure 6A, left).

In the KEGG pathway analysis, LINC01134 upregulation was
significantly associated with diverse immune-related signaling
pathways, including chemokines/cytokines and their receptors
and T and B cell receptors. Some cancer-associated pathways
Frontiers in Immunology | www.frontiersin.org 10
were identified, including PI3K-Akt, Rap1, cell cycle, glioma, and
p53 (Figure 6B, left).

In the GSEA analysis, LINC01134 upregulation was
associated with the active cell cycle (e.g., E2F targets and G2M
checkpoint). It was also associated with cancer pathways (e.g.,
MYC targets) (Figure 6C, left). On the other hand, LINC01134
upregulation was inversely related to pathways of immune (IFNg
response, IFNa response, IL6-JAK-STAT3, IL2-STAT5),
metabolism (bile acid metabolism, fatty acid metabolism),
A

B
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C

FIGURE 5 | LINC01134 and AC116025.2 are the most crucial lncRNAs of the 11LNSPS. (A) An association of higher expression level with worse OS in HCC
patients was detected for 5 of the 11LNCPS lncRNAs, including LINC01134, AC104066.3, AC034229.4, AC116025.2, and LINC00632, as determined by the
Kaplan-Meier survival analysis. (B) Coefficient values for each lncRNA in the 11LNCPS, as indicated in colored grids and determined by the Spearman analysis.
Colored grids indicate those whole expression alterations were statistically significant. (C) Statistical evaluation of the correlation between the infiltration (indicated by
an xCell score) of a prognosis-associated immune cell type and expression levels of prognosis-associated lncRNAs in HCC. HCCs were divided into higher and
lower groups using its median expression level for each lncRNA, and xCell scores for each immune cell type were compared between the two groups by the
Wilcoxon test. The 11LNCPS was used as a control. -P > 0.05; *P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001. (D, E) Higher LINC01134 (D) and AC116025.2 (E) levels are
associated with higher TCE scores and reduced T cell dysfunction levels in HCC, as analyzed by the TIDE algorithm.
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FIGURE 6 | Higher expression levels of LINC01134 and AC116025.2 are associated with several cancer hallmarks and immunological characteristics of HCC. (A, B) GO
enrichment (A) and KEGG pathway (B) analyses between HCCs with higher- and lower-levels of LINC01134 (left in each panel) and AC116025.2 (right in each panel). The
heights of bars and sizes of dots represent the count of genes, while the colors represent the adjusted P-value. (C) Significantly enriched cancer hallmarks in HCCs with higher
expression levels of LINC01134 (left) and AC116025.2 (right), as analyzed by the GSEA. The red and blue colors of dots indicate a pathway’s activation and suppression,
respectively. The x-axis shows normalized enrichment scores (NES). All pathways with P values smaller than 0.05 are shown.
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apoptosis, epithelial-mesenchymal transition, UV response,
TGFb, hypoxia, and p53 (Figure 6C, left).

These results support the role of LINC01134 in the cell cycle,
cell death, immunity, chemokine expression, and chemotaxis
in HCC.

In the GO analysis, AC116025.2-associated genes were
primarily enriched in cell division, catabolic metabolism,
chromosome and transporter complex, receptor and channel
activities, and oxidoreductase activity (Figure 6A, right).

In the KEGG analysis, AC116025.2-associated genes were
enriched for pathways in the cell cycle, DNA replication,
metabolism, and apoptosis (Figure 6B, right). Multiple metabolic
pathways were enriched, including carbon metabolism, retinol
metabolism, fatty acid metabolism, tryptophan metabolism, and
propanoate metabolism (Figure 6B, right).

In the GSEA, AC116025.2 upregulation was associated with
cell cycle activities and cancer-related pathways such as E2F
targets, G2M checkpoint, MYC targets, MTORC1 signaling,
and mitotic spindle (Figure 6C, right). On the other hand,
AC116025.2 upregulation was associated with reduced activities
of signaling pathways related to immune, metabolism, and cell
death, including IFNg response, IFNa response, inflammatory
response, bile acid metabolism, fatty acid metabolism,
apoptosis, UV response, epithelial-mesenchymal transition,
KRAS signaling, TGFb signaling, and estrogen response
(Figure 6C, right).
LINC01134 and AC116025.2 Upregulation
Correlates With the Expression of Some
Chemokines, Cytokines, and ICP Ligands
Immune responses often involve cytokines, chemokines, and
their receptors. Therefore, we investigated whether expression
changes in LINC01134 and AC116025.2 are associated with
chemokines, cytokines, and ICP ligands in HCC. In the
scRNA-seq data, CD8+ cells could be annotated (Figure
S10A). We thus identified the chemokines, cytokines, and ICP
ligands synthesized by HCC cells and could mediate CD8+ T
cells’ recruitment using the CellChat algorithm (26).

In total, 22 cytokines and chemokines were identified,
including CXCL12, CCL5, CXCL16, CCL16, CXCL10, CCL20,
IL7, CCL15, CXCL2, IL15, CCL3, CCL4, CXCL8, CXCL9,
CXCL11, CXCL1, CCL28, CCL2, CXCL13, CXCL3, CXCL6, and
CCL22 (Figure 7A, left). We also identified 26 ICP ligands that
could bind to their ICPs, including HLA-A, HLA-B, HLA-C,
HLA-E, CD70, PVR, HLA-F, LGALS9, CEACAM1, HLA-DRA,
ICOSLG, HLA-DMA, HLA-DPB1, HLA-DOA, HLA-DRB1,
CD86 , TNFSF15 , HLA-DQB1 , HLA-DPA1 , HLA-DMB ,
TNFSF4, HLA-DQA1, CD48, HLA-DOB, RAET1E, and
RAET1G (Figure 7A, right). Using the Spearman correlation
analysis, we found that LINC01134 upregulation in HCC was
negatively correlated with the following genes (RS > 0, P ≤ 0.05):
CXCL1, CXCL2, CXCL3, HLA-C, and HLA-E and was positively
correlated with LGALS9 (RS < 0, P ≤ 0.05) (Figure 7B). For
AC116025.2, its upregulation was positively associated with
CXCL1 , CXCL8 , CXCL20 , and TNFSF4 (RS > 0, P ≤
0.05) (Figure 7C).
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Upregulation of LINC01134 and
AC116025.2 in HCC Cell Lines and the
Impact of LINC01134 on CXCL2 and
CXCL3 Expression and T Cell Migration
To test the impact of LINC01134 and AC116025.2 on HCC, we
measured their expression in two HCC cell lines using qRT-PCR
and found that both LINC01134 and AC116025.2 were
significantly upregulated in HepG2 and Huh-7 HCC cell lines
compared to normal liver cell lines QSG-7701 and LO2
(Figure 8A). We also knocked down LINC01134 expression in
the two HCC cell lines and measured the expression of three
cytokines whose expression correlated with LINC01134 in HCC
samples. LINC01134 knockdown significantly increased the
expression of CXCL2 and CXCL3 (Figure 8B). Consistent with
the upregulation of CXCL2 and CXCL3 by LINC01134
knockdown, conditioned medium from HCC cells with
LINC01134 knockdown significantly increased the migration of
Jurkat T cells (Figure 8C). These findings support the role of
LINC01134 in HCC.
DISCUSSION

It is increasingly apparent that lncRNAs play crucial roles in the
development and progression of cancers, including HCC, and
TCE is a common mechanism for cancer cells to evade immune
surveillance. In this study, we applied the recently developed
TIDE program to available sequencing datasets of HCC to
identify TCE-associated lncRNAs in HCC. Combing such
lncRNAs with those differentially expressed in HCCs and
subjecting them to additional statistical analyses, we developed
an expression-based gene signature that predicts patient
prognosis in HCC (Figures 1, 2; Table 1). This signature
consisted of 11 lncRNAs and was thus named 11 lncRNA
prognostic signature (11LNCPS).

The 11LNCPS model appears to be robust. For example, the
11LNCPS score predicted patient OS in the training cohort of
HCC and the validation and entire cohorts (Figure 2D). In
addition, the discrimination power of the 11LNCPS was evident
as the values of the area under ROC curves (AUC) for 1, 2, and 3
years were quite good in the training, validation, and entire
cohorts of HCC (Figure 2E). Furthermore, the model’s C-index,
which reflects predictive accuracy, was excellent, as indicated by
values greater than 0.60 for 1, 2, and 3 years in each cohort
(Figure S1C). The calibration curve demonstrated a good
consistency for 1, 2, and 3 years in each cohort (Figure S1D).

The 11LNCPS model also appears to be more robust than two
previously developed mRNAmodels, including the 8-gene model
(34) and the 4-gene model (35). The 11LNCPS’s AUC values
were equal or higher than those for the other two models in the
validation cohort (Figure 2F), and so were the C-index values
(Figure S1E).

Significantly, the 11LNCPS scores appear to predict the status
of immune responses to HCC cells. Specifically, higher 11LNCPS
scores were significantly associated with increased infiltrations of
Th1, Th2, pro B, B, and basophils immune cells and decreased
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FIGURE 7 | Expression of LINC01134 and AC116025.2 is associated with the expression of some cytokines, chemokines, and immune checkpoint (ICP) ligands in
HCC. (A) The chord diagram shows heterotypic signal transduction between HCC cells (purple) and CD8+ T cells (green), with purple arrows pointing from cytokines
and chemokines (left) or ICP ligands (right) in HCC cells to their respective receptors in CD8+ T cells. (B, C) Expression of LINC01134 (B) and AC116025.2 (C) is
associated with the expression of some cytokines and chemokines (left) or ICP ligands (right), as determined by the Spearman analysis. Grid colors and gradient
color bars indicate Spearman coefficient values, with white color indicating a lack of statistical significance. Cytokines, chemokines, and ICP ligands with a positive
association with LINC01134 or AC116025.2 expression are marked by red, while those with a negative correlation are marked by blue.
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infiltrations of CD8+ Tcm, macrophages, M2 macrophage,
aDCs, and cDCs immune cells in HCC (Figure 3B and Figure
S4). Of them, decreased infiltration of CD8+ Tcm and increased
infiltrations of Th1, Th2, and pro B cells were significantly
correlated with worse patient OS in the same cohort of HCCs
(Figure 3A). Additionally, higher 11LNCPS scores were
associated with increased TCE (Figure 3C) and reduced T cell
dysfunction (Figure 3D). Furthermore, HCCs with higher
11LNCPS scores significantly corresponded to malignancies
that respond to PDL1 inhibition in immunotherapeutic
studies, as analyzed by the SubMap program (Figure 3E). It is
thus likely that HCCs with higher 11LNCPS scores respond
better to immunotherapies than those with lower scores.

The 11LNCPS model was developed from differentially
expressed and TCE-associated lncRNAs in HCC, so the impact
of 11LNCPS scores on immune response and patient survival
could be due to TCE to a greater extent. Many publications have
reported the association of TCE with patient prognosis, tumor
immune microenvironment, and treatment resistance (1, 11–15).

Immune cell infiltration to the tumor microenvironment
determines the sensitivity of cancer cells to immunotherapy
(50–53). In this regard, the 11LNCPS could predict the
infiltration of cancer-related immune cells, as 11LNCPS scores
Frontiers in Immunology | www.frontiersin.org 14
were significantly associated with infiltration levels of 10 types of
immune cells, and infiltration alterations in 7 of the 10 were
associated with patient survival in HCC (Figures 3A, B). One
major type is CD8+ T cells, whose infiltration was reduced in
HCCs with higher 11LNCPS scores (Figure 3B). Reduced
infiltration of CD8+ cells also occurred more frequently in
HCCs with the upregulation of LINC01134 or AC116025.2
(Figure 5C). More importantly, reduced infiltration of CD8+ T
cells, including naïve T and Tcm cells, negatively impacted
patient survival in HCC (Figure 3A). Such an inverse
correlation between the 11LNCPS score and the infiltration of
CD8+ T cells further indicates the relevance of the 11LNCPS in
HCC because CD8+ T cells play important roles in the killing of
cancer cells. For example, CD8+ cytotoxic T lymphocytes (CTLs)
kill cancer cells (54, 55); and CD8+ T cells, in total or in the form
of naïve or memory cells, also play critically important roles in
host defenses against tumor cells (38, 56). An inverse correlation
between reduced CD8+ T cells and worse patient survival has
been reported, although naïve T and Tcm cells were not
distinguished in these studies (51, 54, 57–62).

Similar to CD8+ T cells, decreased infiltration of plasmacytoid
dendritic cells (pDCs) was significantly associated with worse
patient survival in HCC (Figure 3A), and a decrease in the
A

B

C

FIGURE 8 | Expression and functional tests of key member lncRNAs of the 11LNCPS in HCC cell lines. (A) Expression of LINC01134 and AC116025.2 in normal
liver cell lines QSG-7701 and LO2 and HCC cell lines HepG2 and Huh-7, as detected by qRT-PCR. Data were normalized by b-actin mRNA levels and standardized
by the control group levels. (B) Knockdown of LINC01134 in HepG2 (left) and Huh-7 (right) HCC cells increased the expression of CXCL2 and CXCL3, as detected
by qRT-PCR. (C) Knockdown of LINC01134 in HepG2 (left) and Huh-7 (right) HCC cells increased the migration of Jurkat T cells, as detected by the transwell assay.
ns, P > 0.05; *P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001.
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infiltration of conventional DCs (cDCs) and activated DCs (aDCs)
was more frequent in HCCs with higher 11LNCPS scores
(Figure 3B). DCs play important roles in immune responses
and tumor development. As antigen-presenting cells, pDCs
function in adaptive immune responses to different antigens,
including tumor antigens, and thus impact tumor development
(63–65). Upon TRAIL-dependent mechanism and stimulation
from other immune cells, activated pDCs indeed exert an anti-
tumor function (57, 58, 66–68).

Opposing to the infiltrations of CD8+ cells and DCs,
increased infiltration of CD4+ T helper cells, including Th1
and Th2 cells, and B cell progenitors (pro B) were significantly
associated with worse patient survival and higher 11LNCPS
scores in HCC (Figures 3A, B). Th1 and Th2 cells play
important immunoregulatory roles in adaptive immunity,
including the activation of B cells and cytotoxic T cells (69,
70). but their role in HCC development is not well understood
(71). It is reported that a global Th1/Th2-like cytokine shift, i.e.,
an increase in Th2 cytokines but a decrease in Th1 cytokines, is
associated with HCC metastasis (72), implicating Th1 and Th2
cells in HCC progression. We noticed that the association of Th1
cells with HCC prognosis is inconsistent between different
studies (73). The role of pro B cells in HCC is not well
understood either.

Immune cells’ infiltration into a tumor involves heterotypic
signaling between tumor cells and immune cells. Such signaling
is often mediated by chemokines, cytokines, and ICP ligands.
Several such molecules could play roles in the 11LNCPS-
associated modulation of the immune microenvironment in
HCC. Taking advantage of the recently developed CellChat
algorithm (26) and the availability of single-cell RNA
sequencing (scRNA-seq) data of HCC (23), we were able to
annotate CD8+ T cells. Subsequently, we identified the
chemokines, cytokines, and ICP ligands that could mediate the
recruitment of CD8+ T cells (Figures S8A, B). They included 22
chemokines and cytokines (Figure 7A, left) and 26 ICP ligands
(Figure 7A, right). The expression of LINC01134 was negatively
correlated with that of CXCL1, CXCL2, CXCL3, HLA-C, and
HLA-E but positively correlated with that of LGALS9
(Figure 7B). Meanwhile, AC116025.2 expression was positively
correlated with CXCL1, CXCL8, CXCL20, and TNFSF4
(Figure 7C). We could not annotate other types of 11LNCPS
associated immune cells (e.g., Th1, Th2, etc.).

The 11 lncRNAs could impact multiple biological processes and
signaling pathways in HCC. When HCCs with higher 11LNCPS
scores were compared to those with lower scores, many processes
and pathways were significantly enriched, particularly those of
DNA replication, cell cycle, metabolism, signaling between
cytokines and their receptors, and other ligand-receptor signaling
pathways (Figure 4). Signaling pathways related to immune
function and apoptosis were also significantly suppressed in
HCCs with higher 11LNCPS scores, including the IL6-JAK-
STAT3 signaling and IFNa response (Figure 4C).

Of the 11 lncRNAs in the 11LNCPS, LINC01134 and
AC116025.2 appear more crucial than the others. For example,
LINC01134 and AC116025.2 were among the 5 11LNCPS
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lncRNAs whose upregulation was significantly associated with
worse patient OS in HCC (Figure 5A). In addition, the
association of an upregulation with infiltration alteration was
detected in more types of immune cells for LINC01134 or
AC116025.2 than other lncRNAs (Figures 5B, C) .
Furthermore, HCCs with higher LINC01134 or AC116025.2
levels had significantly higher levels of TCE and lower scores
of T cell dysfunction (Figures 5D, E). Increased TCE levels and
reduced T cell dysfunction scores are associated with patient
prognosis (37). LncRNA LINC01134 has been well implicated in
HCC, as it undergoes upregulation, promotes cell proliferation
and invasion, suppresses apoptosis, and induces oxaliplatin
resistance in HCC (74–77). Therefore, whereas LINC01134 is
more crucial in the 11LNCPS, there are hardly any published
studies on AC116025.2 in any types of cancers. The upregulation
of both LINC01134 and AC116025.2 also occurs in HCC cell
lines, as detected by qRT-PCR in HepG2 and Huh-7 HCC
cells (Figure 7D).

LINC01134 upregulation in HCC modulates multiple
biological processes and signaling pathways (Figure 6). Of
particular interest is that many of which are involved in
immune functions, as LINC01134 upregulation altered receptor-
ligand activities, chemokine binding cellular component,
chemokine signaling, cytokine and cytokine receptor, T and B
cell receptor signaling, etc. (Figure 6). LINC01134 upregulation
also affects other cancer-related processes and pathways,
including chromosome related molecular function, cell cycle
and related pathways (E2F targets, G2M checkpoint, etc.),
cancer-related pathways (PI3K-Akt, Rap1, MYC, etc.), cell
death and related pathways (IFNg response, IFNa response,
etc.), IL6-JAK-STAT3 signaling, IL2- STAT5 signaling,
epithelial-mesenchymal transition, UV response, TGFb
signaling, hypoxia, and P53 pathway (Figure 6). These findings
further indicate that LINC01134 impacts HCC via complicated
signaling pathways, particularly those involved in immune
functions. Consistent with these findings, LINC01134
knockdown in HCC cell lines significantly increased the
expression of chemokines CXCL2 and CXCL3 (Figure 8B), and
conditioned medium from HCC cells with LINC01134
knockdown increased the migration of T cells (Figure 8C).

Many AC116025-associated processes and pathways overlap
with those of LINC01134, including receptor activity, cell cycle,
metabolism, and cell death and related signaling pathways, E2F
targets, G2M checkpoint, MYC, UV response, epithelial-
mesenchymal transition, IFNg response, IFNa response, UV
response, epithelial-mesenchymal transition, bile acid metabolism,
fatty acid metabolism, TGF-b signaling, etc. AC116025.2
upregulation is less potent than LINC01134 upregulation in its
effects on immune-related processes and pathways. It did not
significantly affect chemokine binding cellular component,
chemokine signaling, cytokine and cytokine receptor, T and B cell
receptor signaling, etc. (Figure 6).

Of note is that AC116025.2 upregulation affects more
metabolism-related pathways than LNC001134 upregulation. In
the KEGG pathway analysis, while 7 of the top 18 pathways
affected by AC116025.2 upregulation were metabolism-related,
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none of the top 14 affected by LNC001134 were (Figures 6B, D),
even though they both affected bile acid metabolism and fatty
acid metabolism in the GSEA enrichment assay (Figures 6C, F).
Tumor cell metabolism reprograms immune cell infiltration (78,
79), so the association of AC116025.2 with alterations in multiple
metabolic pathways could suggest how AC116025.2 might
modulate T cell exclusion.

In summary, after identifying differentially expressed and
TCE-associated lncRNAs in HCC, we developed and validated
a robust lncRNA-based gene signature named 11LNCPS for 11-
lncRNA prognosis signature. The 11LNCPS predicts not only
prognosis but also immune cells’ responses to tumor cells,
including decreased infiltrations of CD8+ T cells, macrophages,
and DCs, as well as increased infiltrations of Th1, Th2, pro B
cells. Of the 11 lncRNAs in the 11LNCPS, LINC01134 and
AC116025.2 appear more crucial than the others. Expression
alterations in the 11LNCPS lncRNAs, particularly the
upregulation of LINC01134 and AC116025.2, modulate
multiple signaling pathways, including immune responses and
cell metabolism. The 11LNCPS could help predict immune
responses in HCC and provide candidate therapeutic targets
for the treatment of HCC.
DATA AVAILABILITY STATEMENT

Publicly available datasets were analyzed in this study. This data
can be found in TCGA (https://www.cancer.gov/about-nci/
organization/ccg/research/structural-genomics/tcga/) and GEO
(https://www.ncbi.nlm.nih.gov/geo/) database.
Frontiers in Immunology | www.frontiersin.org 16
AUTHOR CONTRIBUTIONS

JD, XL, ZZ, and ML contributed to conception and design of the
study. XL and XF curated the data. XL performed the statistical
analysis. XL wrote the first draft of the manuscript. JD, JA, ZZ,
GC, and SW edited and wrote sections of the manuscript. JD
supervised the study. All authors contributed to manuscript
revision, read, and approved the submitted version.
FUNDING

This study is supported in part by grant JCYJ20200109141229255
from the Science, Technology and Innovation Commission of
Shenzhen Municipality.
ACKNOWLEDGMENTS

We thank Dr. Jianming Zeng (University of Macau) and his
bioinformatics team for generously sharing their experience and
codes. We also thank Mr. Bingbiao Lin, Ms. Qingqing Huang
and Dr. Xiafei Zeng, for their advice and help during the study.
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2022.
880288/full#supplementary-material
REFERENCES

1. Zhang Y, Zhang L, Xu Y, Wu X, Zhou Y, Mo J. Immune-Related Long
Noncoding RNA Signature for Predicting Survival and Immune Checkpoint
Blockade in Hepatocellular Carcinoma. J Cell Physiol (2020) 235(12):9304–16.
doi: 10.1002/jcp.29730

2. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al.
Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and
Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin
(2021) 71(3):209–49. doi: 10.3322/caac.21660

3. Fu Y, Liu S, Zeng S, Shen H. From Bench to Bed: The Tumor Immune
Microenvironment and Current Immunotherapeutic Strategies for Hepatocellular
Carcinoma. JExpClinCancerRes (2019)38(1):396.doi:10.1186/s13046-019-1396-4

4. Yang JD, Heimbach JK. New Advances in the Diagnosis and Management of
Hepatocellular Carcinoma. BMJ (2020) 371:m3544. doi: 10.1136/bmj.m3544

5. Olson B, Li Y, Lin Y, Liu ET, Patnaik A. Mouse Models for Cancer
Immunotherapy Research. Cancer Discov (2018) 8(11):1358–65. doi: 10.1158/
2159-8290.CD-18-0044

6. Hilmi M, Vienot A, Rousseau B, Neuzillet C. Immune Therapy for Liver
Cancers. Cancers (Basel) (2019) 12(1):77. doi: 10.3390/cancers12010077

7. Rizvi S, Wang J, El-Khoueiry AB. Liver Cancer Immunity. Hepatology (2021)
73 Suppl 1:86–103. doi: 10.1002/hep.31416

8. Ho DW, Tsui YM, Chan LK, Sze KM, Zhang X, Cheu JW, et al. Single-Cell
RNA Sequencing Shows the Immunosuppressive Landscape and Tumor
Heterogeneity of HBV-Associated Hepatocellular Carcinoma. Nat Commun
(2021) 12(1):3684. doi: 10.1038/s41467-021-24010-1

9. Ruf B, Heinrich B, Greten TF. Immunobiology and Immunotherapy of HCC:
Spotlight on Innate and Innate-Like Immune Cells. Cell Mol Immunol (2021)
18(1):112–27. doi: 10.1038/s41423-020-00572-w
10. Lim H, He D, Qiu Y, Krawczuk P, Sun X, Xie L. Rational Discovery of Dual-
Indication Multi-Target PDE/Kinase Inhibitor for Precision Anti-Cancer
Therapy Using Structural Systems Pharmacology. PloS Comput Biol (2019)
15(6):e1006619. doi: 10.1371/journal.pcbi.1006619

11. Wu SZ, Roden DL, Wang C, Holliday H, Harvey K, Cazet AS, et al. Stromal
Cell Diversity Associated With Immune Evasion in Human Triple-Negative
Breast Cancer. EMBO J (2020) 39(19):e1040. doi: 10.15252/embj.
2019104063

12. Wang Q, Li M, Yang M, Yang Y, Song F, ZhangW, et al. Analysis of Immune-
Related Signatures of Lung Adenocarcinoma Identified Two Distinct
Subtypes: Implications for Immune Checkpoint Blockade Therapy. Aging
(Albany NY) (2020) 12(4):3312–39. doi: 10.18632/aging.102814

13. Hato T, Goyal L, Greten TF, Duda DG, Zhu AX. Immune Checkpoint
Blockade in Hepatocellular Carcinoma: Current Progress and Future
Directions. Hepatology (2014) 60(5):1776–82. doi: 10.1002/hep.27246

14. Zhang HH,Mei MH, Fei R, Liu F,Wang JH, LiaoWJ, et al. Regulatory T Cells in
Chronic Hepatitis B Patients Affect the Immunopathogenesis of Hepatocellular
Carcinoma by Suppressing the Anti-Tumour Immune Responses. J Viral Hepat
(2010) 17 Suppl 1:34–43. doi: 10.1111/j.1365-2893.2010.01269.x

15. Jiang P, Gu S, Pan D, Fu J, Sahu A, Hu X, et al. Signatures of T Cell
Dysfunction and Exclusion Predict Cancer Immunotherapy Response. Nat
Med (2018) 24(10):1550–8. doi: 10.1038/s41591-018-0136-1

16. YuWD,Wang H, He QF, Xu Y, Wang XC. Long Noncoding RNAs in Cancer-
Immunity Cycle. J Cell Physiol (2018) 233(9):6518–23. doi: 10.1002/jcp.26568

17. Sanchez Calle A, Kawamura Y, Yamamoto Y, Takeshita F, Ochiya T.
Emerging Roles of Long Non-Coding RNA in Cancer. Cancer Sci (2018)
109(7):2093–100. doi: 10.1111/cas.13642

18. Xu M, Xu X, Pan B, Chen X, Lin K, Zeng K, et al. LncRNA SATB2-AS1
Inhibits Tumor Metastasis and Affects the Tumor Immune Cell
April 2022 | Volume 13 | Article 880288

https://www.cancer.gov/about-nci/organization/ccg/research/structural-genomics/tcga/
https://www.cancer.gov/about-nci/organization/ccg/research/structural-genomics/tcga/
https://www.ncbi.nlm.nih.gov/geo/
https://www.frontiersin.org/articles/10.3389/fimmu.2022.880288/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2022.880288/full#supplementary-material
https://doi.org/10.1002/jcp.29730
https://doi.org/10.3322/caac.21660
https://doi.org/10.1186/s13046-019-1396-4
https://doi.org/10.1136/bmj.m3544
https://doi.org/10.1158/2159-8290.CD-18-0044
https://doi.org/10.1158/2159-8290.CD-18-0044
https://doi.org/10.3390/cancers12010077
https://doi.org/10.1002/hep.31416
https://doi.org/10.1038/s41467-021-24010-1
https://doi.org/10.1038/s41423-020-00572-w
https://doi.org/10.1371/journal.pcbi.1006619
https://doi.org/10.15252/embj.2019104063
https://doi.org/10.15252/embj.2019104063
https://doi.org/10.18632/aging.102814
https://doi.org/10.1002/hep.27246
https://doi.org/10.1111/j.1365-2893.2010.01269.x
https://doi.org/10.1038/s41591-018-0136-1
https://doi.org/10.1002/jcp.26568
https://doi.org/10.1111/cas.13642
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Li et al. Immune-Responsive lncRNA-Based HCC Prognostic Signature
Microenvironment in Colorectal Cancer by Regulating Satb2. Mol Cancer
(2019) 18(1):135. doi: 10.1186/s12943-019-1063-6

19. Carpenter S, Fitzgerald KA. Cytokines and Long Noncoding RNAs. Cold
Spring Harb Perspect Biol (2018) 10(6):a028589. doi: 10.1101/
cshperspect.a028589

20. Wang CJ, Zhu CC, Xu J, Wang M, Zhao WY, Liu Q, et al. The lncRNA UCA1
Promotes Proliferation, Migration, Immune Escape and Inhibits Apoptosis in
Gastric Cancer by Sponging Anti-Tumor miRNAs. Mol Cancer (2019) 18
(1):115. doi: 10.1186/s12943-019-1032-0

21. Hong W, Liang L, Gu Y, Qi Z, Qiu H, Yang X, et al. Immune-Related lncRNA
to Construct Novel Signature and Predict the Immune Landscape of Human
Hepatocellular Carcinoma. Mol Ther Nucleic Acids (2020) 22:937–47.
doi: 10.1016/j.omtn.2020.10.002

22. Colaprico A, Silva TC, Olsen C, Garofano L, Cava C, Garolini D, et al.
TCGAbiolinks: An R/Bioconductor Package for Integrative Analysis of TCGA
Data. Nucleic Acids Res (2016) 44(8):e71. doi: 10.1093/nar/gkv1507

23. Su X, Zhao L, Shi Y, Zhang R, Long Q, Bai S, et al. Clonal Evolution in Liver
Cancer at Single-Cell and Single-Variant Resolution. J Hematol Oncol (2021)
14(1):22. doi: 10.1186/s13045-021-01036-y

24. Li WV, Li JJ. An Accurate and Robust Imputation Method Scimpute for
Single-Cell RNA-Seq Data. Nat Commun (2018) 9(1):997. doi: 10.1038/
s41467-018-03405-7

25. Butler A, Hoffman P, Smibert P, Papalexi E, Satija R. Integrating Single-Cell
Transcriptomic Data Across Different Conditions, Technologies, and Species.
Nat Biotechnol (2018) 36(5):411–20. doi: 10.1038/nbt.4096

26. Jin S, Guerrero-Juarez CF, Zhang L, Chang I, Ramos R, Kuan CH, et al.
Inference and Analysis of Cell-Cell Communication Using CellChat. Nat
Commun (2021) 12(1):1088. doi: 10.1038/s41467-021-21246-9

27. Robinson MD, McCarthy DJ, Smyth GK. Edger: A Bioconductor Package for
Differential Expression Analysis of Digital Gene Expression Data.
Bioinformatics (2010) 26(1):139–40. doi: 10.1093/bioinformatics/btp616

28. McCarthy DJ, Chen Y, Smyth GK. Differential Expression Analysis of
Multifactor RNA-Seq Experiments With Respect to Biological Variation.
Nucleic Acids Res (2012) 40(10):4288–97. doi: 10.1093/nar/gks042

29. Ritchie ME, Phipson B, Wu D, Hu Y, Law CW, Shi W, et al. Limma Powers
Differential Expression Analyses for RNA-Sequencing and Microarray
Studies. Nucleic Acids Res (2015) 43(7):e47. doi: 10.1093/nar/gkv007

30. Frankish A, Diekhans M, Ferreira AM, Johnson R, Jungreis I, Loveland J,
et al. GENCODE Reference Annotation for the Human and Mouse
Genomes. Nucleic Acids Res (2019) 47(D1):D766–73. doi: 10.1093/nar/
gky955

31. Tibshirani R. Regression Shrinkage and Selection via the LASSO. J R Stat Soc B
(1996) 58:267–88. doi: 10.2307/2346178

32. Xu F, Lin H, He P, He L, Chen J, Lin L, et al. A TP53-Associated Gene
Signature for Prediction of Prognosis and Therapeutic Responses in Lung
Squamous Cell Carcinoma. Oncoimmunology (2020) 9(1):1731943.
doi: 10.1080/2162402x.2020.1731943

33. GaoWZ, Guo LM, Xu TQ, Yin YH, Jia F. Identification of a Multidimensional
Transcriptome Signature for Survival Prediction of Postoperative
Glioblastoma Multiforme Patients. J Trans Med (2018) 16(1):368.
doi: 10.1186/s12967-018-1744-8

34. Zhang Z, Li J, He T, Ouyang Y, Huang Y, Liu Q, et al. The Competitive
Endogenous RNA Regulatory Network Reveals Potential Prognostic
Biomarkers for Overall Survival in Hepatocellular Carcinoma. Cancer Sci
(2019) 110(9):2905–23. doi: 10.1111/cas.14138

35. Long J, Zhang L, Wan X, Lin J, Bai Y, Xu W, et al. A Four-Gene-Based
Prognostic Model Predicts Overall Survival in Patients With Hepatocellular
Carcinoma. J Cell Mol Med (2018) 22(12):5928–38. doi: 10.1111/
jcmm.13863

36. Aran D. Cell-Type Enrichment Analysis of Bulk Transcriptomes Using Xcell.
Methods Mol Biol (2020) 2120:263–76. doi: 10.1007/978-1-0716-0327-7_19

37. Aran D, Hu Z, Butte AJ. Xcell: Digitally Portraying the Tissue Cellular
Heterogeneity Landscape. Genome Biol (2017) 18(1):220. doi: 10.1186/
s13059-017-1349-1

38. Deng L, Lu DH, Bai YN, Wang YP, Bu H, Zheng H. Immune Profiles of
Tumor Microenvironment and Clinical Prognosis Among Women With
Triple-Negative Breast Cancer. Cancer Epidem Biomar (2019) 28(12):1977–
85. doi: 10.1158/1055-9965.Epi-19-0469
Frontiers in Immunology | www.frontiersin.org 17
39. Hoshida Y, Brunet JP, Tamayo P, Golub TR, Mesirov JP. Subclass Mapping:
Identifying Common Subtypes in Independent Disease Data Sets. PloS One
(2007) 2(11):e1195. doi: 10.1371/journal.pone.0001195

40. Roh W, Chen PL, Reuben A, Spencer CN, Prieto PA, Miller JP, et al.
Integrated Molecular Analysis of Tumor Biopsies on Sequential CTLA-4
and PD-1 Blockade Reveals Markers of Response and Resistance. Sci Transl
Med (2017) 9(379):eaah3560. doi: 10.1126/scitranslmed.aah3560

41. Mariathasan S, Turley SJ, Nickles D, Castiglioni A, Yuen K, Wang Y, et al.
TGFbeta Attenuates Tumour Response to PD-L1 Blockade by Contributing to
Exclusion of T Cells. Nature (2018) 554(7693):544–8. doi: 10.1038/
nature25501

42. Mootha VK, Lindgren CM, Eriksson KF, Subramanian A, Sihag S, Lehar J,
et al. PGC-1alpha-Responsive Genes Involved in Oxidative Phosphorylation
are Coordinately Downregulated in Human Diabetes. Nat Genet (2003) 34
(3):267–73. doi: 10.1038/ng1180

43. Subramanian A, Tamayo P, Mootha VK, Mukherjee S, Ebert BL, Gillette MA,
et al. Gene Set Enrichment Analysis: A Knowledge-Based Approach for
Interpreting Genome-Wide Expression Profiles. Proc Natl Acad Sci U.S.A.
(2005) 102(43):15545–50. doi: 10.1073/pnas.0506580102

44. Yu G, Wang LG, Han Y, He QY. Clusterprofiler: An R Package for Comparing
Biological Themes Among Gene Clusters. OMICS (2012) 16(5):284–7.
doi: 10.1089/omi.2011.0118

45. Hanzelmann S, Castelo R, Guinney J. GSVA: Gene Set Variation Analysis for
Microarray and RNA-Seq Data. BMC Bioinf (2013) 14:7. doi: 10.1186/1471-
2105-14-7

46. Sanz-Ortega L, Rojas JM, Marcos A, Portilla Y, Stein JV, Barber DF. T Cells
Loaded With Magnetic Nanoparticles are Retained in Peripheral Lymph
Nodes by the Application of a Magnetic Field. J Nanobiotech (2019) 17
(1):14. doi: 10.1186/s12951-019-0440-z

47. Messmer D, Fecteau JF, O’Hayre M, Bharati IS, Handel TM, Kipps TJ.
Chronic Lymphocytic Leukemia Cells Receive RAF-Dependent Survival
Signals in Response to CXCL12 That are Sensitive to Inhibition by
Sorafenib. Blood (2011) 117(3):882–9. doi: 10.1182/blood-2010-04-282400

48. Yu Y, Liao L, Shao B, Su X, Shuai Y, Wang H, et al. Knockdown of MicroRNA
Let-7a Improves the Functionality of Bone Marrow-Derived Mesenchymal
Stem Cells in Immunotherapy. Mol Ther (2017) 25(2):480–93. doi: 10.1016/
j.ymthe.2016.11.015

49. Riaz N, Havel JJ, Makarov V, Desrichard A, Urba WJ, Sims JS, et al. Tumor
and Microenvironment Evolution During Immunotherapy With Nivolumab.
Cell (2017) 171(4):934–49.e16. doi: 10.1016/j.cell.2017.09.028

50. Horton B, Spranger S. A Tumor Cell-Intrinsic Yin-Yang Determining
Immune Evasion. Immunity (2018) 49(1):11–3. doi: 10.1016/j.immuni.
2018.07.001

51. Li J, Byrne KT, Yan F, Yamazoe T, Chen Z, Baslan T, et al. Tumor Cell-
Intrinsic Factors Underlie Heterogeneity of Immune Cell Infiltration and
Response to Immunotherapy. Immunity (2018) 49(1):178–93.e7. doi: 10.1016/
j.immuni.2018.06.006

52. Muraoka D, Seo N, Hayashi T, Tahara Y, Fujii K, Tawara I, et al. Antigen
Delivery Targeted to Tumor-Associated Macrophages Overcomes Tumor
Immune Resistance. J Clin Invest (2019) 129(3):1278–94. doi: 10.1172/
JCI97642

53. Mantovani A, Marchesi F, Malesci A, Laghi L, Allavena P. Tumour-Associated
Macrophages as Treatment Targets in Oncology. Nat Rev Clin Oncol (2017)
14(7):399–416. doi: 10.1038/nrclinonc.2016.217

54. Farhood B, Najafi M, Mortezaee K. CD8(+) Cytotoxic T Lymphocytes in
Cancer Immunotherapy: A Review. J Cell Physiol (2019) 234(6):8509–21.
doi: 10.1002/jcp.27782

55. Gattinoni L, Klebanoff CA, Restifo NP. Paths to Stemness: Building the
Ultimate Antitumour T Cell. Nat Rev Cancer (2012) 12(10):671–84.
doi: 10.1038/nrc3322

56. Fann M, Godlove JM, Catalfamo M, Wood WH3rd, Chrest FJ, Chun N, et al.
Histone Acetylation is Associated With Differential Gene Expression in the
Rapid and Robust Memory CD8(+) T-Cell Response. Blood (2006) 108
(10):3363–70. doi: 10.1182/blood-2006-02-005520

57. Speiser DE, Liénard D, Rufer N, Rubio-Godoy V, Rimoldi D, Lejeune F, et al.
Rapid and Strong Human CD8+ T Cell Responses to Vaccination With
Peptide, IFA, and CpG Oligodeoxynucleotide 7909. J Clin Invest (2005) 115
(3):739–46. doi: 10.1172/jci23373
April 2022 | Volume 13 | Article 880288

https://doi.org/10.1186/s12943-019-1063-6
https://doi.org/10.1101/cshperspect.a028589
https://doi.org/10.1101/cshperspect.a028589
https://doi.org/10.1186/s12943-019-1032-0
https://doi.org/10.1016/j.omtn.2020.10.002
https://doi.org/10.1093/nar/gkv1507
https://doi.org/10.1186/s13045-021-01036-y
https://doi.org/10.1038/s41467-018-03405-7
https://doi.org/10.1038/s41467-018-03405-7
https://doi.org/10.1038/nbt.4096
https://doi.org/10.1038/s41467-021-21246-9
https://doi.org/10.1093/bioinformatics/btp616
https://doi.org/10.1093/nar/gks042
https://doi.org/10.1093/nar/gkv007
https://doi.org/10.1093/nar/gky955
https://doi.org/10.1093/nar/gky955
https://doi.org/10.2307/2346178
https://doi.org/10.1080/2162402x.2020.1731943
https://doi.org/10.1186/s12967-018-1744-8
https://doi.org/10.1111/cas.14138
https://doi.org/10.1111/jcmm.13863
https://doi.org/10.1111/jcmm.13863
https://doi.org/10.1007/978-1-0716-0327-7_19
https://doi.org/10.1186/s13059-017-1349-1
https://doi.org/10.1186/s13059-017-1349-1
https://doi.org/10.1158/1055-9965.Epi-19-0469
https://doi.org/10.1371/journal.pone.0001195
https://doi.org/10.1126/scitranslmed.aah3560
https://doi.org/10.1038/nature25501
https://doi.org/10.1038/nature25501
https://doi.org/10.1038/ng1180
https://doi.org/10.1073/pnas.0506580102
https://doi.org/10.1089/omi.2011.0118
https://doi.org/10.1186/1471-2105-14-7
https://doi.org/10.1186/1471-2105-14-7
https://doi.org/10.1186/s12951-019-0440-z
https://doi.org/10.1182/blood-2010-04-282400
https://doi.org/10.1016/j.ymthe.2016.11.015
https://doi.org/10.1016/j.ymthe.2016.11.015
https://doi.org/10.1016/j.cell.2017.09.028
https://doi.org/10.1016/j.immuni.2018.07.001
https://doi.org/10.1016/j.immuni.2018.07.001
https://doi.org/10.1016/j.immuni.2018.06.006
https://doi.org/10.1016/j.immuni.2018.06.006
https://doi.org/10.1172/JCI97642
https://doi.org/10.1172/JCI97642
https://doi.org/10.1038/nrclinonc.2016.217
https://doi.org/10.1002/jcp.27782
https://doi.org/10.1038/nrc3322
https://doi.org/10.1182/blood-2006-02-005520
https://doi.org/10.1172/jci23373
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Li et al. Immune-Responsive lncRNA-Based HCC Prognostic Signature
58. Molenkamp BG, Sluijter BJ, van Leeuwen PA, Santegoets SJ, Meijer S,
Wijnands PG, et al. Local Administration of PF-3512676 CpG-B Instigates
Tumor-Specific CD8+ T-Cell Reactivity in Melanoma Patients. Clin Cancer
Res (2008) 14(14):4532–42. doi: 10.1158/1078-0432.Ccr-07-4711

59. Gordon-Alonso M, Hirsch T, Wildmann C, van der Bruggen P. Galectin-3
Captures Interferon-Gamma in the Tumor Matrix Reducing Chemokine
Gradient Production and T-Cell Tumor Infiltration. Nat Commun (2017) 8
(1):793. doi: 10.1038/s41467-017-00925-6

60. Brewitz A, Eickhoff S, Dähling S, Quast T, Bedoui S, Kroczek RA, et al. CD8(+)
T Cells Orchestrate pDC-XCR1(+) Dendritic Cell Spatial and Functional
Cooperativity to Optimize Priming. Immunity (2017) 46(2):205–19.
doi: 10.1016/j.immuni.2017.01.003

61. Han Q, Wang Y, Pang M, Zhang J. STAT3-Blocked Whole-Cell Hepatoma
Vaccine Induces Cellular and Humoral Immune Response Against HCC.
J Exp Clin Cancer Res (2017) 36(1):156. doi: 10.1186/s13046-017-0623-0

62. Dangaj D, Bruand M, Grimm AJ, Ronet C, Barras D, Duttagupta PA, et al.
Cooperation Between Constitutive and Inducible Chemokines Enables T Cell
Engraftment and Immune Attack in Solid Tumors. Cancer Cell (2019) 35
(6):885–900.e10. doi: 10.1016/j.ccell.2019.05.004

63. Liu C, Lou Y, Lizée G, Qin H, Liu S, Rabinovich B, et al. Plasmacytoid
Dendritic Cells Induce NK Cell-Dependent, Tumor Antigen-Specific T Cell
Cross-Priming and Tumor Regression in Mice. J Clin Invest (2008) 118
(3):1165–75. doi: 10.1172/jci33583

64. Schuster P, Lindner G, Thomann S, Haferkamp S, Schmidt B. Prospect of
Plasmacytoid Dendritic Cells in Enhancing Anti-Tumor Immunity of
Oncolytic Herpes Viruses. Cancers (Basel) (2019) 11(5):651. doi: 10.3390/
cancers11050651

65. Reizis B, Bunin A, Ghosh HS, Lewis KL, Sisirak V. Plasmacytoid Dendritic
Cells: Recent Progress and Open Questions. Annu Rev Immunol (2011)
29:163–83. doi: 10.1146/annurev-immunol-031210-101345

66. Matsui T, Connolly JE, Michnevitz M, Chaussabel D, Yu CI, Glaser C, et al.
CD2 Distinguishes Two Subsets of Human Plasmacytoid Dendritic Cells With
Distinct Phenotype and Functions. J Immunol (Baltim Md 1950) (2009) 182
(11):6815–23. doi: 10.4049/jimmunol.0802008

67. Lou Y, Liu C, Kim GJ, Liu YJ, Hwu P, Wang G. Plasmacytoid Dendritic Cells
Synergize With Myeloid Dendritic Cells in the Induction of Antigen-Specific
Antitumor Immune Responses. J Immunol (Baltim Md 1950) (2007) 178
(3):1534–41. doi: 10.4049/jimmunol.178.3.1534

68. Böttcher JP, Bonavita E, Chakravarty P, Blees H, Cabeza-Cabrerizo M,
Sammicheli S, et al. NK Cells Stimulate Recruitment of Cdc1 Into the
Tumor Microenvironment Promoting Cancer Immune Control. Cell (2018)
172(5):1022–37.e14. doi: 10.1016/j.cell.2018.01.004

69. Okoye IS, Wilson MS. CD4+ T Helper 2 Cells–Microbial Triggers,
Differentiation Requirements and Effector Functions. Immunology (2011)
134(4):368–77. doi: 10.1111/j.1365-2567.2011.03497.x

70. Subbannayya Y, Haug M, Pinto SM, Mohanty V, Meas HZ, Flo TH, et al. The
Proteomic Landscape of Resting and Activated CD4+ T Cells Reveal Insights
Into Cell Differentiation and Function. Int J Mol Sci (2020) 22(1):275.
doi: 10.3390/ijms22010275

71. Basu A, Ramamoorthi G, Albert G, Gallen C, Beyer A, Snyder C, et al.
Differentiation and Regulation of TH Cells: A Balancing Act for Cancer
Frontiers in Immunology | www.frontiersin.org 18
Immunotherapy. Front Immunol (2021) 12:669474. doi: 10.3389/
fimmu.2021.669474

72. Zhu Y, Yang J, Xu D, Gao XM, Zhang Z, Hsu JL, et al. Disruption of Tumour-
Associated Macrophage Trafficking by the Osteopontin-Induced Colony-
Stimulating Factor-1 Signalling Sensitises Hepatocellular Carcinoma to
Anti-PD-L1 Blockade. Gut (2019) 68(9):1653–66. doi: 10.1136/gutjnl-2019-
318419

73. Yan J, Liu XL, Xiao G, Li NL, Deng YN, Han LZ, et al. Prevalence and Clinical
Relevance of T-Helper Cells, Th17 and Th1, in Hepatitis B Virus-Related
Hepatocellular Carcinoma. PloS One (2014) 9(5):e96080. doi: 10.1371/
journal.pone.0096080

74. Zheng S, Guo Y, Dai L, Liang Z, Yang Q, Yi S. Long Intergenic Noncoding
RNA01134 Accelerates Hepatocellular Carcinoma Progression by Sponging
microRNA-4784 and Downregulating Structure Specific Recognition Protein
1. Bioengineered (2020) 11(1):1016–26. doi: 10.1080/21655979.2020.1818508

75. Rong Z, Wang Z, Wang X, Qin C, Geng W. Molecular Interplay Between
Linc01134 and YY1 Dictates Hepatocellular Carcinoma Progression. J Exp
Clin Cancer Res (2020) 39(1):61. doi: 10.1186/s13046-020-01551-9

76. Wang C, Chen Y, Chen K, Zhang L. Long Noncoding RNA LINC01134
Promotes Hepatocellular Carcinoma Metastasis via Activating AKT1S1 and
NF-kappaB Signaling. Front Cell Dev Biol (2020) 8:429. doi: 10.3389/
fcell.2020.00429

77. Ma L, Xu A, Kang L, Cong R, Fan Z, Zhu X, et al. LSD1-Demethylated
LINC01134 Confers Oxaliplatin Resistance via SP1-Induced P62
Transcription in Hepatocellular Carcinoma. Hepatology (2021) 74(6):3213–
34. doi: 10.1002/hep.32079

78. Joseph A, Juncheng P, Mondini M, Labaied N, Loi M, Adam J, et al. Metabolic
Features of Cancer Cells Impact Immunosurveillance. J Immunother Cancer
(2021) 9(6):e002362. doi: 10.1136/jitc-2021-002362

79. Vazquez Rodriguez G, Abrahamsson A, Turkina MV, Dabrosin C. Lysine in
Combination With Estradiol Promote Dissemination of Estrogen Receptor
Positive Breast Cancer via Upregulation of U2AF1 and RPN2 Proteins. Front
Oncol (2020) 10:598684. doi: 10.3389/fonc.2020.598684

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Li, Zhang, Liu, Fu, A, Chen,Wu and Dong. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that
the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does
not comply with these terms.
April 2022 | Volume 13 | Article 880288

https://doi.org/10.1158/1078-0432.Ccr-07-4711
https://doi.org/10.1038/s41467-017-00925-6
https://doi.org/10.1016/j.immuni.2017.01.003
https://doi.org/10.1186/s13046-017-0623-0
https://doi.org/10.1016/j.ccell.2019.05.004
https://doi.org/10.1172/jci33583
https://doi.org/10.3390/cancers11050651
https://doi.org/10.3390/cancers11050651
https://doi.org/10.1146/annurev-immunol-031210-101345
https://doi.org/10.4049/jimmunol.0802008
https://doi.org/10.4049/jimmunol.178.3.1534
https://doi.org/10.1016/j.cell.2018.01.004
https://doi.org/10.1111/j.1365-2567.2011.03497.x
https://doi.org/10.3390/ijms22010275
https://doi.org/10.3389/fimmu.2021.669474
https://doi.org/10.3389/fimmu.2021.669474
https://doi.org/10.1136/gutjnl-2019-318419
https://doi.org/10.1136/gutjnl-2019-318419
https://doi.org/10.1371/journal.pone.0096080
https://doi.org/10.1371/journal.pone.0096080
https://doi.org/10.1080/21655979.2020.1818508
https://doi.org/10.1186/s13046-020-01551-9
https://doi.org/10.3389/fcell.2020.00429
https://doi.org/10.3389/fcell.2020.00429
https://doi.org/10.1002/hep.32079
https://doi.org/10.1136/jitc-2021-002362
https://doi.org/10.3389/fonc.2020.598684
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Establishment of a lncRNA-Based Prognostic Gene Signature Associated With Altered Immune Responses in HCC
	Introduction
	Materials and Methods
	Data Sources and Processing
	Identification of HCC- and TCE-Associated lncRNAs
	Construction and Validation of a TCE-Associated lncRNA Prognostic Model: 11LNCPS
	Analysis of the Association of 11LNCPS Scores With Immune Responses in HCC
	Gene Ontology (GO) Enrichment, Kyoto Encyclopedia of Genes and Genomes (KEGG) Pathway Analysis, and Gene Set Enrichment Analysis (GSEA)
	Identification of Critical Members of the 11LNCPS lncRNAs
	Test of Whether LINC01134 and AC116025.2 Affect TCE and T Cell Dysfunction
	Enrichment Analysis for Biological Functions Affected by the Critical 11LNCPS lncRNAs
	Cell Lines and Cell Culture
	Cell Transfection and Conditioned Medium (CM) Preparation
	Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR)
	T Cell Migration Analysis
	Statistical Analysis

	Results
	Identification of Differentially Expressed and TCE-Associated lncRNAs in HCC
	Construction of the TCE-Associated 11 lncRNA Prognostic Signature (11LNCPS) in HCC
	Construction of the TCE-Associated 11 lncRNA Prognostic Signature (11LNCPS) in HCC
	The 11LNCPS Scores Nicely Correlate With Immune Responses to HCC
	Functional Impact of the 11LNCPS on HCC Cells
	LINC01134 and AC116025.2 Are Most Crucial Than Other lncRNAs in the 11LNCPS
	Upregulation of LINC01134 and AC116025.2 Could Impact Immune Responses and Other Biological Processes in HCC
	LINC01134 and AC116025.2 Upregulation Correlates With the Expression of Some Chemokines, Cytokines, and ICP Ligands
	Upregulation of LINC01134 and AC116025.2 in HCC Cell Lines and the Impact of LINC01134 on CXCL2 and CXCL3 Expression and T Cell Migration

	Discussion
	Data Availability Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


