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Abstract
Background: In recent years, long non-coding RNAs (lncRNAs) are emerging as crucial regulators in the
immunological process of liver hepatocellular carcinoma (LIHC). Increasing studies have found that
some lncRNAs could be used as a diagnostic or therapeutic target for clinical management, but little
research has investigated the role of immune-related lncRNA in tumor prognosis. In this study, we aimed
to develop an immune lncRNA signature for the precise diagnosis and prognosis of liver hepatocellular
carcinoma.

Methods: Gene expression pro�les of LIHC samples obtained from TCGA were screened for immune-
related genes using two reference gene sets. The optimal immune-related lncRNA signature was built via
correlational analysis, univariate and multivariate cox analysis. Then the Kaplan-Meier plot, ROC curve,
clinical analysis, gene set enrichment analysis, and principal component analysis were carried out to
evaluate the capability of immune lncRNA signature as a prognostic indicator.

Results: Six long non-coding RNA MSC−AS1, AC009005.1, AL117336.3, AL031985.3, AL365203.2,
AC099850.3 were identi�ed via correlation analysis and cox regression analysis considering their
interactions with immune genes. Next, tumor samples were separated into two risk groups by the
signature with different clinical outcomes. Strati�cation analysis showed the prognostic ability of this
signature acted as an independent factor. The AUC value of ROC curve was 0.779. The Kaplan-Meier
method was used in survival analysis and results showed a statistical difference between the two risk
groups. The predictive performance of this signature was validated by principal component analysis
(PCA). Data from gene set enrichment analysis (GSEA) further unveiled several potential biological
processes of these biomarkers may involve in.

Conclusion: In summary, the study demonstrated the potential role of the six-lncRNA signature served as
an independent prognostic factor for LIHC patients.

Background
Liver hepatocellular carcinoma is one of the most common malignancies worldwide with increasing
mortality and incidence rate [1, 2]. Surgical operation is the main method in LIHC administrations, but
many patients are on the middle-advanced stage at �rst diagnosed and missed the chance of accepting
surgery [3–5]. The liver is de�ned as a lymphoid organ in a broad sense [6]. It has been reported that
cytokines, hepatic non-parenchymal cells, dendritic cells, and lymphocytes played a modulating role in
immunological tolerance during tumor progression [7–10]. Meanwhile, immunology therapy comprises of
the immune checkpoint, adoptive cellular immunotherapy (ACT) and vaccines have opened new horizons
in LIHC treatment [11, 12]. Several studies clari�ed the clinical application of immune checkpoint
blockade programmed cell death-1(PD-1) and cytotoxic T-lymphocyte antigen-4 (CTLA4) have enhanced
the survival rate of some advanced patients [13–15]. Thus, immune biomarkers of high sensitivity and
speci�city in diagnosing and predicting the prognosis of LIHC are in urgent need of research.
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Long non-coding RNA is a type of RNA poorly conserved with a length of 200 bp to 100kbp. It is capable
of modulating gene expression at four main levels: epigenetic regulation, epigenetic transcriptional, post-
transcriptional and translational regulations [16–21]. According to its location with protein-coding mRNA,
lncRNA could be classi�ed into four categories: antisense, pseudogene, long intergenic ncRNA and
intronic lncRNA [22]. Recent publications have revealed the pivotal role of lncRNA implicated in innate
immune response and T cell development, differentiation, activation as well. [23, 24] Furthermore, some
studies have reviewed the relationship between aberrant expression of lncRNA and tumorigenesis,
metastasis, diagnosis or prognosis [25–27]. For example, HULC, a lncRNA speci�cally located on cell
plasma is found with high expression in hepatoma cells and promote cell proliferation [28, 29]. H19 has
been reported at an elevated level in HBV-associated HCC and suppresses tumor metastasis [30].

In the current study, a robust immune lncRNA model was set up to assist diagnosis and prognosis in LIHC
via bioinformatic analysis. Long non-coding RNA: MSC − AS1, AC009005.1, AL117336.3, AL031985.3,
AL365203.2, AC099850.3 were critical components of the whole model. Data suggested a high
expression level of these biomarkers was positively correlated with poor survival and malignancy
phenotypes in TCGA data. Univariate cox regression and multivariate cox regression analysis further
clari�ed this signature had an independent in�uence on overall survival. Results from the KM plot, ROC
curve, PCA further proved the sensitivity and reliability of this prognostic model.

Methods
Data source and processing

RNA-sequencing data of LIHC cases were retrieved from the TCGA repository [31], which were operated on
the Illumina HiSeq RNA‐Seq platform. The corresponding clinical data including survival time, TNM
classi�cation information, risk factors, etc. were also downloaded. The data contained 424 samples, of
which 50 were normal, and 374 were primary hepatocellular carcinoma. The use and acquisition of these
data are according to TCGA data access policies and publication guidelines.

The human general transfer format obtained from the ensemble website [32] was used to match the
ensemble name of mRNA and long non-coding RNA. Clinical samples without precise outcome or follow-
up time less than 30 days were excluded from our study.

Selection of immune-related long non-coding RNAs

Two gene sets “immune response” and “immune system process” were acquired from the Molecular
Signatures Database [33] and then employed to identify the immune-related genes of LIHC samples.
Afterward, these genes were �tted into correlation analysis using “limma” packages and “cor function” in
R to �nd the correlated lncRNAs, with the �lter criteria set to absolute cor (corresponding coe�cients) >
0.4, adjust P value < 0.001. Then the network was visualized by Cytoscape software [34]. In this study,
lncRNAs failed to meet the following conditions were deleted: (1). exhibited expression (FPKM ≥ 1) in at
least 50% of the LIHC samples; (2). exhibited no �uctuation in expression levels between samples [35].
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Construction of prognostic lncRNA signature and statistical analysis

Univariate cox regression analysis was performed to select a subset of candidate lncRNAs, whose
expression level and patient’s overall survival (OS) are closely associated (P < 0.001). Afterward, a
multivariate cox regression analysis was conducted to screen these candidates to build the prognostic
lncRNA model. The formulae of the risk score were given below. Based on the cut-off of risk score, tumor
specimens were divided into high-risk group and low-risk group. Kaplan-Meier survival method was used
to calculate the survival rate. Receiver Operating Characteristic curve (ROC) was carried out to assess the
effectiveness of this lncRNA model. Akaike Information Criterion (AIC) was adopted in the optimization
process. All analyses were implemented using the following packages “survival”, “survminer”, “survival
ROC”, “pheatmap” on R platform.

lncRNA risk score = |cor|* expression value

risk score of samples = ∑ (lncRNA risk score)

Clinical feature analysis of lncRNA signature

Based on the foregoing analyses, we obtained the expression matrix of lncRNA biomarkers in LIHC
patients and then combined the expression data with clinical information. Subsequently, clinical features
such as T-stage (tumor), G-stage (histologic grade) and S-stage (pathological stage) were analyzed to
investigate the correlation between these clinic factors and expression of lncRNA biomarkers (P < 0.05)
using “ggpubr” package in R.

Gene set enrichment analysis

Gene set enrichment analysis (GSEA) was applied to �gure out the underlying mechanism between risk
scores, which were derived from the co-expression analysis. Two immune gene sets “immune system
process” (M13664 Genes annotated by the GO term GO:0002376), “immune response” (M19817 Genes
annotated by the GO term GO:0006955) mentioned above were downloaded from MsigDB database as
reference gene sets. The enrichment results were considered statistically signi�cant at a level of FDR <
0.25.

Principal component analysis

Principal component analysis was employed to show the cluster of samples with risk scores separated
by different levels of six-lncRNA signature, immune lncRNAs, immune-related genes, and all genes,
respectively. The expression matrixes were pre-processed before PCA analysis. De-duplication via taking
an average value and disregarded the data exhibited no �uctuation in expression level. Graphs displayed
�rst, second and third major components (PC1, PC2, PC3) in three dimensions. The “limma”,
“scatterplot3d” packages were conducted in the analysis.

Statistics
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Mean ± standard deviation (SD) was used for data expression. Two‐group comparisons were analyzed
by student’s t-test, while multi‐group comparisons were analyzed via one-way ANOVA. Spearman’s
correlation analysis was performed to evaluate expression correlation. Kaplan Meier analysis was carried
out to analyze overall survival. P value < 0.05 was considered statistically signi�cant.

Results
Construction of six-lncRNA signature

In the current study, transcriptome data of LIHC tissues (n = 374) along with normal tissues (n = 50) were
acquired from the TCGA database. As procedures presented in �gure 1, immune gene sets consisted of
“immune response” and “immune system process” from GSEA were applied to classify the immune
genes from patient’s gene expression patterns. A total of 331 immune-related genes were retained for
further correlational analysis. lncRNAs with |cor| > 0.4 and P < 0.001 were identi�ed as candidates using
R. As shown in �gure 2A, connections of some immune genes with linked lncRNAs were visualized via
Cytoscape software. The coe�cient and attributes of positive or negative regulation were listed in Table
1. Furthermore, candidate lncRNAs were subjected to univariate cox regression and multivariate cox
regression analysis. 16 lncRNAs were examined highly associated with survival outcomes (P < 0.0001)
and 6 of them were selected as high-risk prognostic ones (�gure 2B). AIC value in the prognostic
optimization model was 1156.35. Meanwhile, detailed information of the six-lncRNA signature was
shown in Table 2. According to the risk score, LIHC samples were divided into a high-risk group (n = 171)
and a low-risk group (n = 172). Following this, relative RNA expression of the six-lncRNA signature was
investigated among different groups, the results showed that six lncRNAs were statistically upregulated
in LIHC tissues (�gure 2C-H).

Prognostic value of lncRNA signature for assessing clinical outcome

To evaluate the capability of the six-lncRNA signature in predicting the prognosis of LIHC patients, the
�nial survival state and six-lncRNA expression pro�les of each sample were presented in �gure 3A. The
scatter graph illustrated that the survival estimate of samples was growing worse along with increasing
risk score. Besides, survival analysis indicated that death rates of the low-risk group were signi�cantly
lower than the high-risk group (P = 6.75E−11), �ve years survival rate was 62.2% in the low-risk group and
34.1% in the high-risk group, respectively (�gure 3B). Moreover, the ROC curve clari�ed the better
predictive accuracy of combined six-lncRNA signature compared with other clinical parameters,
containing age, gender, grade, and TNM staging. The AUC of the risk score system was 0.779 (�gure 3C).

Correlation between lncRNA signature and clinical characteristics

To �nd out the relationship of clinical indicators and outcomes of patients grouped by risk score, a
strati�ed analysis was carried out of 373 samples from the TCGA cohort (Table 3). Furthermore,
univariate analysis revealed that TNM staging and six-lncRNA signature were signi�cantly associated
with OS, multivariate analysis indicated that T-staging and six-lncRNA signature were potential
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independent prognostic factors (�gure 4A-B). Besides, the association of six-lncRNA expression with
tumor stage and tumor grade were explored. We found that expression of AC009005.1, AC099850.3,
AL031985.3, MSC−AS1 kept a close link with clinic grade, AC009005.1, AC099850.3 were related with
TNM staging, and AC009005.1, AC099850.3, AL031985.3 levels were correlated with T-staging (�gure 4C-
E).

Gene set enrichment analysis

GSEA was applied to explore the potential mechanism between biomarkers and biological processes
based on the risk score. As shown in �gure 5 A-B, data from GSEA analysis testi�ed co-expressed protein-
coding genes of the high-risk group were statistically enriched in the two reference gene sets “immune
response” and “immune system process” (FDR q-value < 0.25). Furthermore, the top ten highly enriched
biological processes were displayed in �gure 5C-L, which suggested that co-expressed genes of the six-
lncRNA signature may engage in cell cycle phase transition, RNA splicing, regulation of chromosome
organization, etc.

Principal component analysis

Principal component analysis (PCA) was performed for aggregation of samples by similarity in gene
expression patterns from two risk groups. Utilizing reducing the dimensions of multiple indices and
extracting main parameters, tumor samples were analyzed at four levels: lncRNA signature, immune
lncRNAs, immune genes, and all genes. Red points on the graph represented samples of the high-risk
group, while green points represented samples of the low-risk group. We found that the six-lncRNA
signature could make two groups of sample data in the greatest degree of separate compared with the
other three levels (�gure 6A-D). These �ndings might to some extent con�rm the prognosis accuracy of
the immune lncRNA model.

Discussion
In current years, multi-omics have developed rapidly with the application of high-throughput screening.
Long non-coding RNA has drawn widespread attention as a prospective molecular target for cancer
diagnosis and therapeutics [36–38]. Several studies have proposed that lncRNAs were involved in the
immune process contributed to tumorigenesis and progression [39–41]. For example, Jiang et al. have
reported a high level of lnc-EGFR in Tregs could enhance immunosuppression in hepatoma cells via AP-
1/NF-AT1signal [42]. Moreover, great progress has been made in the �eld of immunotherapy,
administration of anti-PD-1 showed de�nite e�cacy on virus-associated hepatocellular carcinoma [43,
44]. In this study, the potential role of immune lncRNA as prognostic or therapeutic biomarkers has been
examined and may give some insights for further investigation.

We identi�ed a prognosis immune signature based on six lncRNAs including MSC − AS1, AC009005.1,
AL117336.3, AL031985.3, AL365203.2, AC099850.3 and veri�ed its prognostic value for HCC patients
from TCGA dataset. In the present study, patients were assigned into low-risk and high-risk groups based
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on the risk score of the above-mentioned lncRNA. Univariate cox analysis and multivariate cox analysis
were performed to evaluate the availability of these biomarkers as independent risk factors.
Hepatocellular carcinoma was classi�ed based on the TNM classi�cation of the American Joint
Committee on Cancer (AJCC) [45]. The ROC results demonstrated a higher AUC value more than that of
TNM classi�cation and other indices, which further ascertain the validity of the proposed risk system to
predict overall survival independently.

In clinical practice, Alpha-fetoprotein (AFP) is widely used to diagnose liver cancer and used to evaluate
therapeutic e�cacy [46–48]. In a healthy human body, AFP expresses at a low level, since it is
synthesized by the fetal liver and down-regulated after birth [49]. While about half of liver malignancy is
detected with radical changes of AFP serological level [50]. A concentration of more than 400 ng/ml may
indicate the existence of liver cancer [51]. However, increased AFP concentrations have also been
described in other diseases, such as cerebellar ataxia and testicular cancer [52, 53]. In present
strati�cation analysis, samples with AFP level more than 20 ng/ml (pathological threshold) roughly
concentrated in the high-risk group, these results inspired us that maybe the serum level of six-lncRNA
signature could cooperate with AFP for early diagnosis, e�cacy assessment, and prognostic evaluation,
serve as a more sensitive circulating biomarker.

In recent years, great efforts have been made on the study of lncRNAs in tumor immunology. Research on
uncovering the mechanism of lncRNA regulates immune response has developed a lot [54]. For example,
lncRNA NKILA plays a crucial role in promoting immune evasion via associating STAT1 and NF-κB
signaling in several tumors [55, 56]. LncRNA ID2-AS1 suppresses HCC metastasis by activating the
HDAC8/ID2 pathway [57]. Herein, six prognosis biomarkers were highly expressed in tumor samples and
data from GSEA unveiled that corresponding genes were enriched in a series of GO biological process
pathways, for instance, cell cycle, RNA splicing, DNA repair, and chromosome regulation. However, the
concrete roles of these lncRNAs in regulating biological pathways are needed for further investigation.

Conclusions
In conclusion, we developed an immune model including six lncRNAs for predicting the outcome of LIHC
samples. Based on bioinformatics analysis, the function and effectiveness of this lncRNA signature were
analyzed in our study. Data from �ndings indicated this signature may provide a new approach for
accurate diagnosis and prognosis. However, clinical trials and functional tests are required to explore the
underlying mechanism before clinical application.
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Tables

Table 1. Correlation of immune genes and associated lncRNAs
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Immune Gene lncRNA Cor P value Regulation

GLMN AC007541.1 0.445 1.35E-19 positive

KMT2A AP001318.2 0.460 5.45E-21 positive

NCOA6 AC012510.1 0.462 3.55E-21 positive

TRAF2 SREBF2-AS1 0.451 3.66E-20 positive

RPS19 AC132192.2 0.614 4.03E-40 positive

TRAF2 AL035446.1 0.463 3.12E-21 positive

HELLS AL360181.2 0.455 1.55E-20 positive

PRKRA AP002884.1 0.416 4.67E-17 positive

RPS19 AL109615.3 -0.401 7.64*10E-16 negative

APOA2 FLJ42351 -0.460 6.18*10E-21 negative

 

Table 2. Detailed information of six-lncRNA signature

Gene symbol Gene_ID Location AIC

MSC-AS ENSG00000235531.8 chr8: 71828167-72002405 1160.1

AC009005.1 ENSG00000267751.4 chr19: 567212-571745 1159.8

AL117336.3 ENSG00000271335.4 chr10: 35314552-35320998 1157.0

AL031985.3 ENSG00000260920.2 chr1: 40464319-40466767 1157.8

AL365203.2 ENSG00000273038.2 chr10:32887255-32889311 1156.9

AC099850.3 ENSG00000265415.1 chr17:59202677-59203829 1156.7

 

Table 3. Relationship between risk score of lncRNA signature for OS and clinical features
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  low risk/high risk Pearson χ2 P

Age   0.072 0.788

> = 55 119/116    

< 55 53/55    

Gender   3.565 0.059

female 47/63    

male 125/108    

TNM stage   8.404 0.004

I/II 130/108    

III/IV 30/53    

G   12.032 0.001

G1/G2 123/91    

G3/G4 47/77    

AFP (ng/mL)   5.917 0.015

> = 20 58/94    

< 20 64/57    

BMI   0.213 0.645

> =25 80/73    

< 25 81/82    

Race   0.268 0.605

white 83/86    

Asian 77/71    

Figures
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Figure 1

Flowchart showing the steps of constructing a prognostic lncRNA signature.
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Figure 2

Construction of an immune lncRNA signature for liver hepatocellular carcinoma A. The network of partial
immune genes and associated lncRNAs. B. Candidate lncRNA for the prognostic model with information
about hazard ratio. C. Relative gene expression of MSC-AS1 among the low-risk group, high-risk group,
and non-tumor samples. D. Relative gene expression of AC009005.1 among the low-risk group, high-risk
group, and non-tumor samples. E. Relative gene expression of AL117336.3 among the low-risk group,
high-risk group, and non-tumor samples. F. Relative gene expression of AL031985.3 among the low-risk
group, high-risk group, and non-tumor samples. G. Relative gene expression of AL365203.2 among the
low-risk group, high-risk group, and non-tumor samples. H. Relative gene expression of AC099850.3
among the low-risk group, high-risk group, and non-tumor samples.
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Figure 3

Validation of the prognostic lncRNA signature for hepatocellular carcinoma A. The upper graph shows
the relationship between survival time and risk score, the medium graph shows the distribution of lncRNA
risk score, the bottom heat map shows expression patterns of six-lncRNA signature for LIHC patients. B.
The Kaplan-Meier curve of different tumor groups based on the median risk score. C. The ROC curve for
the risk score, age, gender, grade, and TNM stage.
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Figure 4

Evaluation of the six-lncRNA as an independent factor. A. The tree diagram shows the statistical
signi�cance and hazard ratios of several indices as prognostic factors. B. The tree diagram shows the
statistical signi�cance and hazard ratios of several indices as prognostic factors. C. Boxplot indicates the
correlation of lncRNA biomarkers’ expression and tumor grade. D. Boxplot indicates the correlation of
lncRNA biomarkers expression and TNM stage. E. Boxplot indicates the correlation of lncRNA biomarkers
expression and T-staging.
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Figure 5

Highly enriched biological pathways for corresponding immune genes of six-lncRNA signature in TCGA.
(A) Regulation of cell cycle phase transition (FDR < 0.007), (B) RNA splicing (FDR < 0.004), (C) mRNA CIS
splicing via spliceosome (FDR < 0.002) (D) Positive regulation of mRNA processing (FDR < 0.002) (E)
Regulation of cell cycle G1 S phase transition (FDR < 0.002) (F) ATP dependent chromatin remodeling
(FDR < 0.002) (G) Chromatin remodeling (FDR < 0.002) (H) Regulation of response to DNA damage
stimulus (FDR < 0.002) (I) Regulation of chromosome organization (FDR < 0.002) (J) Recombinational
repair (FDR < 0.001) (K) Immune response (FDR < 0.203) (L) Immune system process (FDR < 0.087).
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Figure 6

Principal component analysis of samples for TCGA. A. PCA shows samples divisibility from the low risk-
and high-risk group based on all gene expression. B. PCA shows samples divisibility from the low risk-
and high-risk group based on immune gene expression. C. PCA shows samples divisibility from the low
risk- and high-risk group based on immune lncRNA expression. D. PCA shows samples divisibility from
the low risk- and high-risk group based on lncRNA signature expression.


