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Hepatocellular carcinoma (HCCQ) is a leading cause of cancer death worldwide, accounting for over 700,000 deaths each year. The
lack of predictive and prognostic biomarkers for HCC, with effective therapy, remains a significant challenge for HCC management.
Long non-coding RNAs (IncRNAs) play a key role in tumorigenesis and have clinical value as potential biomarkers in the early

diagnosis and prediction of HCC. Jun activation domain-binding protein 1 (Jab1, also known as COP9 signalosome subunit 5, CSN5)
is a potential oncogene that plays a critical role in the occurrence of HCC. Here, we performed a comprehensive analysis for Jab1/
CSN5-associated IncRNAs to predict the prognosis of HCC. The differentially expressed (DE) IncRNAs between in HCC were analyzed
based on the TCGA RNA-seq data. We detected 1031 upregulated IncRNAs in 371 HCC tissues and identified a seven-IncRNA

signature strongly correlated with Jab1/CSN5 (SNHG6, CTD3065J16.9, LINCO1604, CTD3025N20.3, KB-1460A1.5, RP13-58209.7, and
RP11-29520.2). We further evaluated the prognostic significance of these IncRNAs by GEPIA (http://gepia.cancer-pku.cn/). The

expression data in 364 liver tumors indicated that this seven-IncRNA signature could better predict worse survival in HCC patients.
Moreover, 35 clinical HCC samples were evaluated to assess the validity and reproducibility of the bioinformatic analysis. We found
that the targeted IncRNAs were upregulated, with a strong association with Jab1/CSN5 and prognostic value in HCC. Functional
enrichment analysis by Gene Ontology (GO) showed that these seven prognostic INcRNAs exhibit oncogenic properties and are
associated with prominent hallmarks of cancer. Overall, our findings demonstrate the clinical implication of Jab1/CSN5 with the

seven-IncRNAs in predicting survival for patients with HCC.
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HIGHLIGHTS

® Seven-IncRNA signature associated with Jab1/CSN5 in HCC.
® Prognostic value of seven IncRNAs in HCC.
® Functional analysis of seven IncRNAs.

INTRODUCTION

Hepatocellular carcinoma (HCC) is the second leading cause of
death related to cancer among males and the sixth among females,
accounting for over 700,000 deaths each year worldwide [1].
Prevention, early detection, and treatment improve cancer out-
comes; however, the incidence of cancer mortality continues to rise
in most HCC patients with a 5-year survival rate is still below 50% [2].
The level of exposure to environmental and infectious risk factors
with early detection are the leading causes of the variation seen in

liver cancer incidence and mortality [3]. Only 10-20% of HCC tumors
can be removed by surgery, and the cumulative 5-year recurrence
rate of patients who undergo curative hepatectomy averages 70%
[4, 5]. Therefore, identifying novel biomarkers for predicting survival
in HCC patients and efficient therapeutic targets is urgently needed.

Long non-coding RNAs (IncRNAs) are transcripts over 200
nucleotides in length with no protein-coding function, which are
transcribed by RNA polymerase Il similar to mRNAs [6]. Several
studies have recently demonstrated the role of IncRNAs in diverse
biological processes, including the regulation of epigenetic
inheritance, transcriptional and post-transcriptional levels, imprint-
ing, apoptosis, and drug resistance, and tumorigenesis via directly
or indirectly regulating related PCGs (protein-coding genes)
[6-10]. Most importantly, increasing evidence suggests that
dysregulated IncRNAs play a crucial role in tumor initiation and
progression [11, 12]. Several IncRNAs, including HOTAIR, HULC,
and HOTTIP, are directly involved in tumorigenesis and metastasis
in HCC [13-15].
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Fig. 1 The flowchart for the current study. A The flowchart for the current study. B Venn diagram indicating the overlap between
overexpressed IncRNAs and those positively correlated with CSN5. The overlap part indicated that 114 upregulated IncRNAs were positively

correlated with CSN5.

Jun activation domain-binding protein 1 (Jab1, also known as
COP9 signalosome subunit 5, CSN5/COPS5) is the fifth subunit of
the COP9/signalosome complex (CSN5/COPS5) [16-20]. Recent
findings suggest that Jab1/CSN5 is a potential oncogene that
controls cell cycle regulation, cell proliferation, and tumor
progression. Jab1/CSN5 is highly expressed in HCC tissues and
acts as a new regulator of the p57 tumor suppressor gene by
promoting its degradation and contributing to cell proliferation
and tumor progression [21]. Thus, it is necessary to elucidate
further the Jab1/CSN5-p57 axis role as a possible target therapy
for HCC treatment. Moreover, recent studies showed that in the
orthotopic transplant mouse models of human HCC, the systemic
RNA interference targeting Jab1/CSN5 has strong potency without
significant toxicity and suggested its clinical application in treating
HCC disease [21, 22].

Both IncRNAs and Jab1/CSN5 are essential epigenetic regulators
in cancer. However, the interactions between IncRNAs and Jab1/
CSN5 have not been investigated. In this study, we applied a
systematic identification of a IncRNA signature associated with
Jab1/CSN5 involved in the growth and progression of HCC aiming
to find Jab1/CSN5 related IncRNAs and evaluate their prognostic
value in HCC. We generated a prognostic model and validated it to
predict the prognostic IncRNA signature in HCC patients through
bioinformatics analyses. We identified seven-IncRNA signature
from The Cancer Genome Atlas (TCGA) LIHC dataset with clinical
validations and determined its prognostic value was independent
of clinical factors. For HCC, very few IncRNA signatures are
discovered and developed for HCC prognosis prediction. Overall,
our study identified an IncRNA signature that could predict HCC
patients’ survival and could be used as a prognostic biomarker.

RESULTS

Identification of differential expressed IncRNAs associated
with CSN5 in LIHC cohort

The flowchart of this study is shown in Fig. 1A. A total of 1031
upregulated IncRNAs were detected in 371 HCC tissues and 50
normal tissues with HCC in the liver hepatocellular carcinoma
(LIHC) cohort from the TCGA database. Among the 1031
upregulated IncRNAs, 114 IncRNAs had a positive correlation with
CSN5 (R>0.3, P<0.05) (Fig. 1B). Next, we performed Spearman
analysis by the threshold of R> 0.5, P < 0.05, to identify a stronger
correlation between IncRNAs and Jab1/CSN5. We screened out
seven targeted IncRNAs following the method’s criteria among
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these 1031 IncRNAs (heatmap shown in Fig. 2A). The volcano plot
showed all the differentially expressed IncRNAs (log2|fold change|
>1 and P<0.05), among which the selected seven IncRNAs
(SNH6,43 CTD3065J16.9, LINC0O1604, CTD3025N20.3, KB-1460A1.5,
RP13-58209.7, and 44 RP11-29520.2) were all significantly
upregulated in HCC tissues, compared with normal control (Fig.
2B). The heatmap displayed the expression profiles of the seven
IncRNAs in HCC samples and normal tissues (Fig. 2C). All seven
IncRNAs were significantly upregulated in HCC compared with
normal control (P<0.001, FDR < 0.001). Besides, they all show a
strong correlation (R > 0.5) with the Jab1/CSN5 levels (Fig. 2D).

Prognostic value detection

Next, we applied GEPIA to perform the survival plots of the seven-
IncRNAs and Jab1/CSN5 from the LIHC cohort (364 tumors) from
the TCGA (Fig. 3). The high level of Jab1/CSN5 expression level
predicted the worse overall survival. Intriguingly, most of the
seven IncRNAs had a significant prognostic value on overall
survival except LINCO164 (Fig. 3A). As to disease-free survival, only
the level of KB-1460A1.5 was significant. The higher levels of
SNHG6 and CTD3025N20.3 had a strong tendency to indicate the
worse disease-free survival in HCC patients (Fig. 3B).

Seven IncRNAs were upregulated in HCC tissue specimens and
correlated with poor outcome

By testing and analyzing the relative expression level of seven-
IncRNA signature and Jab1/CSN5 in 35 paired HCC tissues and
adjacent normal hepatic tissues collecting from Zhongnan
Hospital (Fig. 4), we found that Jab1/CSN5 was remarkably
overexpressed in HCC compared with adjacent normal tissues (P
<0.01), as well as SNGH6, CTD3025N20.3, KB-1460A1.5, RP13-
58209.7, and RP11-29520.2 (Fig. 4A). However, we did not find a
significant differential expression (DE) of CTD3065J16.9 and
LINCO1604 in clinical HCC samples. Besides, we found a strong
correlation of this IncRNA signature with Jab1/CSN5 from our
cohort, except RP13-58209.7 (P =0.059) (Fig. 4B). We divided
these 35 HCC patients into low and high expression groups
according to the median level of expression. We then tested the
correlation between the relative expression of seven-IncRNA and
CSN5 and the overall survival of HCC patients through
Kaplan-Meier analysis and log-rank test. As Fig. 4C shows, HCC
patients with higher Jab1/CSN5, SNHG6, or CTD3025N20.3
expression significantly predicted shorter overall survival. Uni-
variate analysis indicated that the difference in the expression
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Fig. 2 Differentially expressed IncRNAs in HCC from the TCGA database. A Heatmap of 1031 upregulated IncRNAs in 371 HCC tissues
compared with 50 normal tissues B Volcano plot showed the distribution of the seven-IncRNA differential expression, which positively
correlated with CSN5 co-expression between HCC and adjacent normal tissues (No Diff no difference, UP upregulation, Down
downregulation). € Heatmap for the seven-IncRNA expression profiles. D Table presented the relative fold changes of IncRNAs in HCC,
compared to normal samples, and the correlation coefficients with CSN5 levels.

levels of CSN5, SNHG6, and CTD3025N20.3 was significantly
related to the overall survival of HCC patients (P < 0.05, Table 1).
The level of CTD3025N20.3 was an independent favorable
prognostic factor of HCC, as demonstrated by multivariate analysis
with the Cox as the proportional hazards model (P < 0.05, Table 1).

Association between the seven-IncRNA signature and clinic-
pathologic characteristics of HCC

Next, we assessed the association between the seven-IncRNA
signature and CSN5 with the clinical characteristics of 35 HCC
patients (Table S2) (P < 0.05). The expression level of the seven-
IncRNA and Jab1/CSN5 were obtained from quantitative real-time
PCR (gRT-PCR). Furthermore, we performed Student’s T-tests and
found that the Jab1/CSN5 level was closely related to tumor
differentiation, TNM stage, and HCC patients’ mortality. We also
found a significant correlation between the seven IncRNAs and
clinical characteristics of HCC patients. Expression levels of SNHG6,
CTD3025N20.3, and KB-1460A1.5 were associated with the gender
of patients. Except for RP13-58209.7, the rest of the six-IncRNA
cluster was correlated with tumor differentiation and Jab1/CSN5
level of the HCC patients (see details in Table S2). Overexpressed
levels of SNHG6, CTD3025N20.3, KB-1460A1.5, RP13-58209.7, and
RP11-295G20.2 could predict a more advanced TNM stage. We
utilized receiver operating characteristic (ROC) curves to analyze
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the diagnostic accuracy expressed in the degree of differentiation
and TNM stages (Fig. 5). The relative expression levels of the
seven-IncRNAs were a valuable parameter in the differentiation
and TNM staging of HCC.

Functional enrichment analysis

Functional enrichment analysis by the DAVID web annotation tool
was performed to explore the potential biological functions of our
seven-IncRNA signature. As indicated by Gene Ontology (GO)
enrichment analysis, the co-expressed PCGs were highly enriched
in a crowd of GO terms. Figure 6 and Supplementary Fig. S1 partly
showed that the IncRNAs-related PCGs were mostly involved in
the cell cycle phase transition, cell apoptosis, and regulation of cell
growth, related to Jab1/CSN5 biological function (Fig. 6). Based on
our analyses, we proposed that our seven-IncRNA signature might
regulate the tumorigenesis of HCC.

DISCUSSION

Jab1/CSN5 is implicated in regulating key cellular biological
processes, including cellular proliferation, cell cycle control,
apoptosis, regulation of instability of the genome, and DNA
damage response [16-18, 23]. Jab1/CSN5 is overactivated in
different cancer types, including nasopharyngeal carcinoma,
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breast cancer, pancreatic, and lung cancers, and was related
mechanistically to promote tumor progression and poor
prognosis [24-28]. Hsu et al. [29] demonstrated that Jab1/
CSN5 was upregulated in HCC and suppressed Jab1/CSN5
induced by peroxisome proliferator-activated receptor-gamma
(PPARYy) ligands cause the induction of cell apoptosis and the
inhibition of cell cycle progression, which impair the prolifera-
tion of HCC. Our previous work also found overexpression of
Jab1/CSN5 significantly predicted the poor outcome of HCC
patients, which mediated p57 degradation leading to hepato-
carcinogenesis [21]. Recently, peptidomimetic antagonists for
Jab1/CSN5 had been exploited since the C-terminal domain of
one molecule docks in another one’s active site [30]. Schlierf
et al. [31] recently reported an effective, specific, and
orally available Jab1/COPS5 inhibitor CSN5i-3, which trapped

SPRINGER NATURE

cullin-RING E3 ubiquitin ligases (CRLs) in the neddylated state,
inactivating a subset of CRLs by the degradation of their
substrate recognition module. It was demonstrated that CSN5i-
3 significantly inhibited tumor cell proliferation and reduced
tumor growth [31]. These results shed light on the potential of
Jab1/CSN5 as a therapeutic target of tumor treatment.

LncRNAs play different roles in biological processes, including
the interaction with one or more protein partners [32]. Specific
IncRNAs can accumulate to the transcription start site and interact
with proteins to regulate the gene expression in cis [33]. Others
play the role of molecular decoys to prevent specific transcription
factors from interacting with DNA by intramolecular binding [34].
Furthermore, they could combine with antisense mRNAs and
regulate post-transcriptional mechanisms or serve as a scaffold to
assemble macromolecular complexes [35, 36].
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Fig. 4 The relative expression level of CSN5 and seven IncRNAs from the Zhongnan cohort. A The CSN5 and seven IncRNAs expression
levels were significantly higher than in adjacent non-tumor liver tissues. *P < 0.05, **P < 0.01. B The linear regression plots between the relative
expression level in each of the CSN5 and seven-IncRNAs. The relative expression levels were normalized by the value of —log. C The
prognostic value of CSN5 and seven IncRNAs of overall survival (OS) among the patients. *P < 0.05, **P < 0.01.

In this study, we applied comprehensive bioinformatics analysis
to identify the differential expressed IncRNAs positively related to
Jab1/CSN5 and with poor survival of HCC. We identified seven
targeted IncRNA signature, SNHG6, CTD3065J16.9, LINC01604,
CTD3025N20.3, KB-1460A1.5, RP13-58209.7, and RP11-295G20.2.
As far as we know, the role of this seven-IncRNA in connection
with Jab1/CSN5 has not been studied. SNHG6 (small nucleolar
RNA host gene 6), located on chromosome 8q13, was identified as
an oncogene in several cancers, including gastric cancer, glioma,
HCC, and osteosarcoma [37-40]. Our previous study reported that
overexpressed SNHG6 could predict poor prognosis among HCC

Cell Death Discovery (2021)7:178

patients [39]. SNHG6 facilitated cellular proliferation, inhibits cell
apoptosis, and promotes cell cycle progression. Moreover, SNHG6
can act as a ceRNA in the regulation of ZEB1 expression by
competitively binding miR-101-3p and improve HCC tumorigen-
esis by binding UPF1 (Up-frameshift protein 1), leading to TGF-b/
Smad pathway activation [39]. SNHG6 inhibited the expression of
MAT1A protein, which was expressed in quiescent adult
hepatocytes and upregulated the SAMe concentration in the liver
[41], by the activation of the miR-1297/FUS (fused in sarcoma)
pathway to modify the nucleocytoplasmic shuttling of MAT1A
mRNA and promoted the expression of MAT2A by inhibiting the

SPRINGER NATURE
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Table 1. Prognostic factors in Cox proportional hazards model.

Factors (n = 35) Univariate analysis

HR (95% CI)

0.319 (0.088-1.155)
1.699 (0.635-4.549)

Gender (male/female)

Age (<60/>60)

Differentiation (low/high or moderate)
TNM (llI~IV/I~I11)

CSN5 (high/low)

SNHGS6 (high/low)

CTD3065J16.9 (high/low)

LINC01604 (high/low)

CTD3025N20.3 (high/low)
KB-1460A1.5 (high/low)

RP13-58209.7 (high/low) 1.383 (0.502-3.814)
RP11-295G20.2 (high/low)) 1.221 (0.438-3.403)
TNM tumor-node-metastasis. P < 0.05 was considered statistically significant.

0.605 (0.219-1.674)
2.889 (0.995-8.393)

2.159 (0.783-5.952)
2.401 (0.862-6.688)

2.503 (0.893-7.018)

direct binding of miR-1297 to the MAT2A 3’UTR [42]. These
findings demonstrated the role of SNHG6 in promoting HCC.
Intriguingly, according to our findings, SNHG6 was significantly
related to Jab1/CSN5, thus suggesting that SNHG6 could regulate
Jab1/CSN5 in the tumorigenesis of HCC.

Next, we conducted a comprehensive analysis of the IncRNA
expression profile and related clinical information of 364 HCC
patients from TCGA. The prognostic values were detected
through a log-rank test for the overall survival and disease-
free survival from the TCGA database. We analyzed 35 clinical
HCC samples for Jab1/CSN5 and the seven-IncRNA expression
levels by gPCR to verify the reproductivity of the results from the
bioinformatic analysis. In our HCC cohort, CTD3065J16.9 and
LINC01604 failed the present their upregulation, RP13-58209.7
did not show a significant correlation with Jab1/CSN5 (P =
0.059) due to the small sample size. Vital pathologic character-
istics, like differentiation, were related to SNHG6, CTD3065J16.9,
LINCO1604, CTD3025N20.3, KB-1460A1.5, and RP11-29520.2.
TNM stage was related to SNHG6, LINCO1604, CTD3025N20.3,
KB-1460A1.5, RP13-58209.7, and RP11-29520.2. Jab1/CSNS5,
SNHG6, or CTD3025N20.3 levels significantly indicate shorter
overall survival.

We further evaluate the biological functions by functional
enrichment analyses of GO for IncRNA-related PCGs and found
enrichment in essential cellular activities, cytoplasmic transla-
tion, oxidoreductase activity, and unfolded protein binding. The
functional enrichment analyses indicate that this seven-IncRNA
signature could play critical roles in cellular function and
protein interactions. Intriguingly, these seven-IncRNAs are also
involved in cell cycle phase transition, regulation of cell growth,
and cell proliferation which are critical pathways controlled by
Jab1/CSN5. However, further studies are required to validate
this seven-IncRNA signature with the exact interaction mechan-
isms between them and Jab1/CSN5 and their biological
functions, validate the IncRNA signature’s predictive value in a
prospective cohort of HCC patients. To summarize, integrative
HCC IncRNA expression analysis based on the TCGA database
with gPCR validation in the HCC cohort identified seven
IncRNAs signature related to Jab1/CSN5. The signature has
the potential to serve as a prognostic biomarker to improve
prediction for HCC patients, and pathways associated with it
might enable the development of novel therapies for HCC
treatment.
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3.687 (1.245-10.922)

4.925 (1.387-17.484)

7.311 (1.644-32.518)

Multivariate analysis

P HR (95% CI) P
0.082
0.291
0.019
0.334
0.041
0.014
0.137
0.094
0.009
0.081
0.531
0.703

7.311 (1.644-32.518) 0.009

MATERIALS AND METHODS

TCGA dataset of IncRNAs expression

An RNA sequencing (RNA-Seq) dataset of the LIHC cohort was downloaded
from the TCGA database (https://cancergenome.nih.gov). The present
study included 371 HCC tumor tissues with gene expression profiles and
50 normal tissues from 50 patients with HCC. According to GENCODE's
annotations, IncRNAs, and PCG were identified from the expression matrix
(http://www.gencodegenes.org).

Screening of differentially expressed IncRNAs

We used the edgeR package in R software to identify the DE of IncRNA
between 371 HCC tissues and 50 normal tissues [43]. We set the threshold
of IncRNA differential expression to log fold change (FC)>2 and false
discovery rate (FDR) < 0.01. Then, we applied the threshold as R> 0.5, P <
0.05, to screen out the IncRNAs, which were positively correlated with
Jab1/CSN5. Wilcox rank-sum test and Spearman rank-order correlation
were executed. Then, we tested the prognostic value of these IncRNAs by
GEPIA (Gene Expression Profiling Interactive Analysis) (http://gepia.cancer-
pku.cn/) [44].

Ethical statement

This study was conducted according to the recommendations of the Ethics
Committee of Zhongnan Hospital of Wuhan University, and the written
informed consent of all subjects was obtained. All subjects signed an
informed consent based on the “Declaration of Helsinki”. The protocol
received the approval of the Ethics Committee of Zhongnan Hospital of
Wuhan University (No. 2018013).

Collection of clinical HCC data

We collected paired clinical tissue specimens (tumor and neighboring
normal/healthy tissues) from 35 HCC patients who underwent surgery
during 2015-2018 (Zhongnan Hospital of Wuhan University, China) and
obtained their consent to participate in the study. No radiotherapy nor
chemotherapy was performed before surgery. An experienced pathol-
ogist confirmed all tissue specimens histologically. Fresh tissue samples
collection and the definition of tumor staging have been described
earlier [45].

gRT-PCR analysis

Total RNA from tissues and cells was isolated using TRIzol reagent
(Invitrogen, CA, USA). The concentration and purity of RNA were quantified
by NanoDrop ND2000 (Thermo, CA, USA). One microgram RNA was
transcribed reversely, as previously described [45]. The gRT-PCR reaction
was performed on CFX96TM Real-Time System (Bio-Rad, CA, USA). The
reactions began at 95 °C for 5 min, then 40 cycles of 95 °C for 30 s, followed
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Fig. 5 ROC curves of CSN5 and seven IncRNAs expression. A The relative expression levels were proven to be a valuable parameter in the
differentiation of HCC. B The predictive value of CSN5 and seven IncRNAs for the TNM stage of HCC.

by 60 °C for 30's, and ending with 72 °C for 30s. Eighteen seconds served
as an internal control. All the synthesized primer sequences are listed in
Table S1. To calculate the relative gene expression, we used the
comparative cycle threshold (Ct) method (2 — ACt).

Functional enrichment analysis

Biological processes involved in the IncRNA signature were predicted using
functional enrichment analysis of GO in Database for Annotation, Visualiza-
tion, and Integrated Discovery (DAVID) Bioinformatics Resources 6.8 (https:/
david.ncifcrf.gov/) online annotation tool [46, 47]. The criteria were set an
enrichment score >2 and P value <0.05 for significant enriched GO terms.

Cell Death Discovery (2021)7:178

Statistical analysis

The continuous variable was represented as the mean + standard deviation
(SD). We performed the t-test or Mann-Whitney U-test to assess the
differences in continuous variables. For categorical variables, the Chi-squared
test or Fisher's exact test was performed to find evidence between the
different categories. We used the Kaplan-Meier test to evaluate the IncRNA
level's impact to predict the overall survival of HCC patients, and for the
analysis of the statistical differences between different groups, the log-rank
test was used. Multivariate analysis was performed to set the proportional
hazards model, the Cox with P < 0.05 as a standard to contain the variables in
univariate analysis. We further designed a time-dependent ROC curve and
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Fig. 6 GO functional enrichment analysis of IncRNAs. Functional enrichment for SNHG6 (up) and CTD-3025N20.3 (down) were partly

presented.

Harrell consistency index (C-index) to evaluate the predictive capacity of the
IncRNAs expression. The statistical analyses were performed by SPSS Statistics
24.0 (SPSS Inc., Chicago, IL, USA) GraphPad Prism 7.0 (GraphPad Software, La
Jolla, CA, USA). P <0.05 was defined as the criteria of statistical significance,
which was assigned at *P < 0.05 or **P < 0.01.

DATA AVAILABILITY
The datasets generated and/or analyzed during the current study are available from
the corresponding author on reasonable request.
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