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Abstract

Long non-coding RNAs (IncRNAs) have been implicated in carcinogenesis and progression of hepatocellular carcinoma
(HCC). This study aimed to identify a robust IncRNA signature for predicting the survival of HCC patients. We performed
an integrated analysis of the IncRNA expression profiling in The Cancer Genome Atlas (TCGA)—Iiver hepatocellular carci-
noma database to identify the prognosis-related IncRNA for the HCC. The HCC cohort was randomly divided into a training
set (n=250) and a testing set (n=113). Following a two-step screening, we identified an 18-IncRNA signature risk score.
The high-risk subgroups had significantly shorter survival time than the low-risk group in both the training set (P <0.0001)
and the testing set (P =0.005). Stratification analysis revealed that the prognostic value of the IncRNA-based signature was
independent of the tumor stage and pathologic stage. The area under the receiver operating characteristic curve (AUROC)
of the 18-IncRNA signature risk score was 0.826 (95%ClI, 0.764-0.888), 0.817 (95%CI, 0.759-0.876), and 0.799 (95%ClI,
0.731-0.867) for 1-year, 3-year, and 5-year follow-up, respectively. Bioinformatics analyses indicated that the 18 IncRNA
might mediate cell cycle, DNA replication processes, and canonical cancer-related pathways, in which MCM3AP-AS1 was
a potential target for HCC. In conclusion, the 18-IncRNA signature was a robust predictive biomarker for the prognosis and
progression of HCC.
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Introduction

According to the statistics, about 906,000 cases were newly
diagnosed with liver cancer with 830,000 deaths annually
worldwide (Sung et al. 2021). Hepatocellular carcinoma
(HCC), accounting for approximately 75% of all liver cancer
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cases, could be caused by multiple factors, including hepa-
titis B virus (HBV) or hepatitis C virus (HCV) infection,
non-alcoholic steatohepatitis (NASH), autoimmune diseases
(Wallace et al. 2015; Goh et al. 2015). For HCC patients at
early stages, surgical resection and liver transplantation are
conventional treatments. For decades, HCC patients have
benefited from novel approaches, including radiofrequency
ablation (RFA), transcatheter arterial chemoembolization
(TACE), targeted therapy, T cell-based therapy, and gene
therapy (Hsu et al. 2012). However, the overall survival of
HCC patients, especially for cases diagnosed at advanced
stages, remains dismal (Llovet et al. 2016). Although various
kinds of molecules have been evaluated as potential targets
or markers, they lack widely acknowledged biomarkers to
efficiently predict the overall survival of HCC patients. As is
well known, intricate genetic and epigenetic transformations
contribute to the genesis and development of HCC. Hence,
it is of great importance to explore novel genes as robust
biomarkers and potential targets for HCC.

According to the transcriptome sequencing, approxi-
mately 70% of the human genome has been identified as
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non-coding RNAs (ncRNAs), which could be further strati-
fied into long ncRNAs (IncRNAs) and small ncRNAs based
on their transcript size (Yan et al. 2015). IncRNAs, a form
of ncRNAs longer than 200 nucleotides (nt) in length,
exert regulatory effects on gene transcription by epigenetic
activities with refrained protein coding activities (Lyer et al.
2015). Accumulating evidence has suggested the critical
roles of IncRNAs in multiple physiological and pathologi-
cal processes (Fatica and Bozzoni 2014; Ulitsky and Bartel
2013; Zhao et al. 2020). Current studies demonstrate that
dysregulated expression of IncRNAs is widely involved in
the initiation and progression of various cancer types and is
recognized as a hallmark feature (Schmitt and Chang 2016;
Grixti and Ayers 2020). For HCC, IncRNAs could regulate
the expression of key oncogenes and subsequently facilitate
malignant behaviors, including proliferation, chemoresist-
ance, and invasive capacity. Therefore, the IncRNAs may
serve as potential anti-tumor targets (Davalos and Esteller
2019). In addition, based on the expression features of serum
or tissues in specific status, IncRNAs have been evaluated
as biomarkers of diagnosis and prognosis for HCC. Interest-
ingly, IncRNAs enriched in serum exosomes derived from
HCC patients have also been considered novel prognostic
markers and therapeutic targets for HCC (Lee et al. 2019;
Huang et al. 2020). Although single detection of the IncRNA
has shown certain significance, a risk model established by
multiple IncRNAs may have better performance in predict-
ing the overall survival of HCC patients (Pea et al. 2020).
In the current study, we conducted a genome-wide analysis
of IncRNA expression profile integrating clinical informa-
tion of 363 HCC patients from The Cancer Genome Atlas
(TCGA) datasets. Based on the screening and validation,
we identified a robust 18-IncRNA signature to predict the
survival of HCC patients.

Fig. 1 The flowchart of the pre-
sent study. TCGA, the Cancer
Genome Atlas; ROC, receiver

Materials and methods

Acquisition of IncRNA expression and clinical
information

The RNA transcriptional data as well as survival and clini-
cal information were downloaded from hepatocellular
carcinoma (LIHC) datasets of TCGA. After matching the
data sets with corresponding prognostic information and
excluding the normal samples, a total of 363 samples were
included in this study with 60,483 transcriptional RNAs and
15,121 IncRNAs-related targets. The total set was randomly
divided into a training cohort (250 samples) and a testing
cohort (113 samples) for further analysis. The clinical char-
acteristics of HCC patients in TCGA cohorts are presented
in Table S1. Furthermore, we extracted expression data of
IncRNASs from three GEO datasets (GSE55092, GSE76247,
and GSE36411). The expression of the IncRNAs in blood
samples-derived exosomes was obtained from exoRBase 2.0
(http://www.exorbase.org/exoRBaseV2/tolndex) (Lai et al.
2022).

Identification of the IncRNA-based signature

The identification of the IncRNA signature was based on the
two-step procedure (Fig. 1). For the initial step, univariate
Cox regression and log-rank test were conducted to screen
potential genes associated with HCC prognosis. The IncR-
NAs with P values <0.05 from the analyses aforementioned
were intersected to obtain the primary prognosis-related
IncRNAs. Subsequently, the primary IncRNAs were fur-
ther calculated by random survival forest-variable hunting
(RSF-VH) algorithm (R package Random Forest SRC) in
the variable selection function of BRB-Array Tools. Based
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on 100 random iterations, IncRNAs with P values <0.05
were considered significantly associated with the prognos-
tic classification and enrolled into the risk signature. Then,
the formula of the IncRNA risk score was established based
on the expression of each IncRNA weighted by regression
coefficients in the univariate Cox regression analysis. The
risk score of each patient was calculated for further analysis.

Predictive accuracy evaluation of the risk model

Based on the median value of the IncRNA-based risk score,
the training or testing cohort was divided into two groups,
namely the high-risk group and the low-risk group, respec-
tively. Prognostic differences between high- and low-risk
groups were analyzed by Kaplan—Meier curves with log-
rank tests. Stratified analysis was performed to evaluate the
IncRNA signature as an independent predictor for survival
of HCC patients. Besides, the predictive performance of the
IncRNA signature was evaluated by receiver operating char-
acteristic (ROC) curves by using R Package “risksetROC.”

Functional enrichment

Based on the high-risk and low-risk groups, we performed
gene set enrichment analysis (GSEA, 3.0 software, MA,
USA; http://www.broad.mit.edu/gsea) regarding the Molec-
ular Signatures Database (http://software.broadinstitute.org/
gsea/msigdb). The possible pathways and functions enriched
in each group were sorted according to P value and nor-
malized enrichment score (NES). Functional enrichment in
the Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathways and Gene Ontology (GO) was assessed with the
hypergeometric test by using the R package “clusterProfiler.”

Co-expression analysis was conducted using expression
profiles of IncRNAs, miRNAs, and mRNAs in the entire
TCGA-LIHC dataset. IncRNA-related mRNAs and miRNAs
were identified by calculating the Pearson correlation coef-
ficients. Genes significantly correlated with the signature
IncRNAs were included in the analysis. The potential inter-
actions among IncRNA signature, mRNA, and miRNA were
visualized by using Cytoscape software.

Statistical analysis

Statistical analyses were performed by using IBM SPSS
software (version 22.0), R software (version 3.5.1), and Bio-
conductor (version 3.8). Univariate Cox regression analysis
was conducted with clinical variables and IncRNA-signature
risk score to calculate hazard ratios (HRs) with a 95% con-
fidence interval (CI). Kaplan-Meier analysis was performed
to compare the overall survival between high- or low-risk
groups with a log-rank test. ROC analysis was performed
to evaluate the prognostic prediction of IncRNA signature

and other clinicopathological variables by assessing the area
under the curves (AUC). P value < 0.05 was considered sta-
tistically significant.

Results
Identification of prognostic IncRNAs in training set

Two procedures were performed to initially screen candidate
IncRNAs with prognostic value in the training set (n =250).
First, we identified 2363 prognosis-related IncRNAs as
potential candidates by using single-variable Cox regres-
sion (P <0.05). Subsequently, based on the median expres-
sion value of each IncRNA, the training set was divided
into a high-expression group and a low-expression group.
Then, 1306 IncRNAs were correlated with the survival of
HCC patients by log Rank test (P <0.05). By intersect-
ing the two analyses above, a total of 732 IncRNAs were
enrolled into the RSF-VH algorithm with 100 iterations. Fol-
lowing that, 18 IncRNAs were identified as the prognostic
signatures(Table S2).

Establishment and validation of the formula for risk
score

To comprehensively investigate the correlation of these 18
identified IncRNAs with the prognosis of HCC, we estab-
lished a formula for risk score to predict the overall sur-
vival of HCC patients based on the expression of these
IncRNAs and Cox coefficients. The formula was presented
as follows: Risk score=(1.551245352 x AL354824.2)+
(1.193980091 X LNCSRLR) +(18.69307557x AC019118.2)+
(0.373287815x ZFPM2-AS1) +(13.99500262 x AL356020.1)+
(1 . 8 6 9 7 0 1 4 0 7 X
AL683887.1) + (5.343933289 X
LINCO01250) + (- 0.261739147 X
LINCO1871) + (0.704823146 x EGLN3-
AS1) + (3.049698013 x AL445430.1)
+(1.665645142 x LINC01297) + (1.92682538 X
AL512785.1) + (= 0.739161379 x IQCH-AS1) +
(1.933011211 x MCM3AP-AS1) + (1.847129616 X
AL592043.1) + (6.017576414 x AC007405.2) +
(0.555545078 x AC108752.1) + (— 0.414728141 x
AC104785.1). Herein, positive coefficients suggested poorer
survival of HCC patients, while negative coefficients indicated
longer survival.

Then, the risk-score formula was applied to calculate
for each patient in the training set. The distribution of
risk scores, survival status, and expression features of
the 18-IncRNA signature risk score in the training set
were shown in Fig. 2A-C, respectively. The patients were
divided into high-risk group and low-risk group based on
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Fig.2 Construction and validation of the 18-IncRNA signature risk
score. A and E IncRNA signature risk score distribution in training
set and testing set. B and F survival status of patients at each group in
training set and testing set. C and G Heat map of the IncRNA expres-

the median risk score as the cut-off value. For the training
set, the Kaplan-Meier analysis indicated that patients in
the high-risk subgroup had significantly shorter overall
survival compared with those cases in the low-risk group
(P<0.0001, Fig. 2D). Subsequently, the testing cohort
was also divided into high- and low-risk groups based
on the risk core (Fig. 2E). Survival status and expression
features of the IncRNA signatures in the testing set were
shown in Fig. 2F and G, respectively. Consistent with the
observation in the training set, the high-risk score was
significantly correlated with poorer prognosis than the
low-risk score in the testing cohort (P =0.005, Fig. 2H).
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sion profiles in training set and testing set. D and H The Kaplan—
Meier curves of cases in high-risk group and low-risk group in train-
ing set and testing set

Validation of the 18-IncRNA prognostic signature
for survival prediction

Given the prognostic values of the 18-IncRNA signature
for HCC, then we further evaluated its predictive perfor-
mance for OS in the training set and testing set by AUC.
As shown in Fig. 3A-C, the AUC for the 18-IncRNA
signature in predicting 1-year, 3-year, and 5-year OS
for HCC patients in the training set were 0.813, 0.830,
and 0.783, respectively. Consistently, the 18-IncRNA
signature also showed predictive performance in the
testing set, for which the AUC of 1-year, 3-year, and
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Fig.3 ROC analysis of the 18-IncRNA signature risk score. A and
D ROC analysis was conducted to evaluate the survival prediction of
the 18-IncRNA signature risk score within 1 year for HCC patients
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Fig.4 HR test of the 18-IncRNA signature risk score and clinical
variables. Univariate Cox regression analysis was conducted to evalu-
ate the prognostic value of 18-IncRNA signature risk score and clini-
cal variables

in training set and testing set. B and E 3-year ROC analysis for HCC
patients in training set and testing set; C and F 5-year ROC analysis
for HCC patients in training set and testing set

5-year OS was 0.880, 0.816, and 0.835, respectively
(Fig. 3D-F). In addition, 18-IncRNA prognostic signa-
ture was also beneficial for the prediction of disease-free
survival (DFS, Figure S1) and progression-free survival
(PFS, Figure S2) of HCC patients. These results indi-
cated that the 18-IncRNA-based signature had excellent

Table 1 HR test of the 18-IncRNA risk score and clinical variables

Variables HR 95% CI P value
18 IncRNA risk score 1.466 1.369-1.569 4.90E-28
Age 1.013 0.999-1.027 0.066
Gender 0.834 0.585-1.190 0.318
Neoplasm grade 1.132 0.896-1.430 0.299
Tumor stage 1.650 1.346-2.023 1.48E-06
Pathologic stage 1.639 1.380-1.947 1.82E-08
Metastasis 1.274 1.059-1.532 0.010
Lymph node status 1.214 1.010-1.461 0.0392

HR, hazard ratio; CI, confidential interval
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risk group at different pathologic stages in training set. I-K Kaplan—
Meier curves of high-risk group and low-risk group at different path-
ologic stages in testing set
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Table 2 ROC analysis of the 18-IncRNA risk score and clinical vari-
ables

Factors AUROC 95%CI
Low High
1-year prediction
18-IncRNA risk score 0.826 0.764 0.888
Tumor stage 0.650 0.572 0.728
Metastasis 0.510 0.448 0.572
Lymph node status 0.544 0.484 0.604
Pathologic stage 0.664 0.587 0.740
3-year prediction
18-IncRNA risk score 0.817 0.759 0.876
Tumor stage 0.664 0.592 0.738
Metastasis 0.559 0.496 0.622
Lymph node status 0.549 0.486 0.612
Pathologic stage 0.669 0.599 0.739
5-year prediction
18-IncRNA risk score 0.799 0.731 0.867
Tumor stage 0.639 0.549 0.730
Metastasis 0.618 0.550 0.686
Lymph node status 0.603 0.532 0.674
Pathologic stage 0.657 0.571 0.742

AUROC, area under receiver operating characteristic curve; CI, confi-
dential interval

sensitivity and specificity in predicting the survival of
HCC patients.

Validation of the 18-IncRNA risk score by Cox
regression analysis

Next, we investigated the prognostic value of the
18-IncRNA risk score as well as clinical variables by Cox

A B

regression analysis in the entire set. As is shown in Fig. 4,
the 18-IncRNA signature risk score was a prognostic can-
didate for HCC patients (HR =1.466, 95%CI, 1.368-1.569,
P <0.001). In addition, tumor stage (HR =1.650, 95%ClI,
1.346-2.023, P <0.001), pathological stage (HR=1.639,
95%CI, 1.380-1.947, P<0.001), metastasis (HR =1.274,
95%CI, 1.059-1.532, P=0.01), and lymph node status
(HR=1.214, 95%CI, 1.010-1.461, P=0.039) were also
potential OS-related factors for HCC. However, other vari-
ables like age, gender, and neoplasm grade were not sta-
tistically significant (Table 1). To further test the efficacy
of the risk signature for the prognosis of HCC patients, we
randomly performed a log-rank test of the TCGA LIHC
cohort (one-third of entire samples/ per time). Consist-
ent with the results above, the risk signature presented
excellent performance in all the 10-time random tests
(Table S3).

Evaluate 18-IncRNA signature by stratification
analyses

Then, we performed stratified analysis based on the clinical
variables aforementioned with high HR. According to the
Cox regression test above, the 18-IncRNA risk score was
further evaluated in sub-groups with different tumor stages.
Thus, the training set was stratified into three subgroups,
including stage I (n=111), stage II (n=57), and stage
&IV (n=62). As shown in Fig. 5A-C, Kaplan—Meier
analyses demonstrated that the high-risk score was corre-
lated with poor survival in patients at stage I (P=0.013),
stage I (P=0.029), and stage III&IV(P =0.00054). In addi-
tion, we got consistent results in the testing set (Fig. 5SD-F)
for HCC patients at stage I (n=59, P=0.0073). However, it
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«Fig. 7 Function prediction and expression features of the signature
IncRNAs. A-D The 18-IncRNAs-mediated functions and pathways
were predicted by GSEA, including biological process, cellular com-
ponents, molecular function, and KEGG pathways. E The potential
interactions of the 18 IncRNAs with miRNAs and mRNAs were visu-
alized by Cytoscape. F The expression of the 4 IncRNAs in TCGA
dataset. G The expression of MCM3AP-AS1 in 50 pairs of HCC
tissues and normal tissues in TCGA dataset. H The expression of
MCM3AP-AS1 in HCC tissues and normal tissues from GSE55092,
GSE76247, and GSE36411. I The expression levels in subgroups of
HCC cases in TCGA. J The expression of MCM3AP-AS1 in healthy
control and tumor patients-derived exosomes was analyzed in exoR-
Base 2.0 database. GO, Gene Ontology; NES, normalized enrichment
score. **P<0.01

was not statistically significant for cases at stage II (n =27,
P=0.14) or stage III&IV (n=27, P=0.51), which might be
attributed to the small size in the two subgroups. Generally,
these results indicated that the 18-IncRNA signature could
robustly predict the OS of HCC patients at different tumor
stages. Subsequently, the 18-IncRNA risk score was also
evaluated in sub-groups with different pathologic stages.
As presented in Fig. 5G-I, high-risk patients in the train-
ing set showed shorter survival time in the T I subgroup
(n=119, P=0.0076), T Il subgroup (n=62, P=0.001), and
T HI&IV subgroup (n=67, P=0.0022). For the testing set
(Fig. 5J-L), the high-risk score was associated with poor
survival in T I (=59, P=0.0073). Though the high-risk
score was associated with shorter survival time, the differ-
ence was not statistically significant due to the small size in
the T II subgroup (n=29, P=0.25) and T III&IV subgroup
(n=23, P=0.35).

Evaluating survival prediction of 18-IncRNA
signature and other factors

To evaluate the independence of IncRNA signature in sur-
vival prediction, time-dependent ROC analysis was per-
formed to assess the sensitivity and specificity in classifying
death and survival on the follow-up of 1-, 3-, and 5-year in
the entire datasets. Multiple risk clinicopathologic charac-
teristics (statistically significant in the univariable analysis
above) were enrolled in this test, including the 18-IncRNA
signature risk score, tumor stage, metastasis, lymph
node status, and pathologic stage (Table 2). As shown in
Fig. 6A-C, the area under the receiver operating character-
istic curve (AUROC) of 18-IncRNA signature risk score was
0.826 (95%CI, 0.764-0.888), 0.817 (95%CI, 0.759-0.876),
and 0.799 (95%CI, 0.731-0.867) for 1-year, 3-year, and
5-year follow-up, respectively. The results showed that the
18-IncRNA signature exhibited a more efficient predictive
performance than any other risk factor.

The potential functions mediated by the 18 IncRNAs

To explore the molecular functions related to the 18 IncR-
NAs, we identified the differentially expressed genes
between high- and low-risk groups stratified by the median
value of the risk score. Then, we performed the GSEA
analysis based on the genes enriched in the high-risk group.
GO enrichment consisted of three sections, namely biologi-
cal process (BP), cellular component (CC), and molecular
functions (MF). The top-involved BP included regulation
of cell cycle, lysosome targets, recombinational repair, and
DNA replication (Fig. 7A); the top-involved CC included
kinetochore, spindle, and ATPase complex (Fig. 7B); The
MF included Lamin binding, DNA secondary structure
binding, and damaged DNA binding (Fig. 7C). In addition,
pathway analyses indicated that the 18 IncRNA might be
correlated with senescence-TP53 pathway, FOXP3 sign-
aling, proliferation-related pathway, and EGR2 signaling,
which were reported to facilitate malignant phenotypes of
HCC (Fig. 7D). Moreover, we conducted the co-expression
analysis based on the transcriptional information of the 18
IncRNA, related miRNA, and mRNA. As shown in Fig. 7E,
according to the sub-network visualized by Cytoscape,
4 IncRNAs were co-expressed with featured miRNA or
mRNA. Of them, obvious upregulation of MCM3AP-AS1
was found in HCC tissues in entire TCGA LIHC cases
and paired HCC cases (Fig. 7F and G). Then, we vali-
dated the expression of the expression of MCM3AP-AS1,
AC007405.2, and LINC01297 in three IncRNA-related GEO
datasets (GSE55092, GSE76247, and GSE36411). In all
three GEO datasets, MCM3AP-AS1 showed significantly
higher expression in HCC tissues compared with normal
liver tissues (Fig. 7H). Additionally, MCM3AP-AS1 was
elevated in subgroups of HCC patients with advanced
stages/grades, high levels of AFP, and existing tumor sta-
tus (Fig. 71). Interestingly, HCC patients showed relatively
higher exosomal MCM3AP-AS1 levels in contrast to other
cancer types. In addition, compared with healthy control,
MCM3AP-AS1 was dramatically elevated in HCC blood-
derived exosomes (Fig. 7J).

Expression features and function of MCM3AP-AS1

MCM3AP-AS1 expression was significantly corre-
lated with pathologic stage, adjacent inflammation, and
AFP levels (Table S4). Additionally, high expression of
MCM3AP-AS1 was correlated with poor survival of HCC
patients (Figure S3). Subsequently, we further investi-
gated the potential biological processes and mechanisms
modulated by MCM3AP-AS1. 1320 DEGs were detected
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Fig.8 Potential functions and CeRNA networks of MCM3AP-
AS1. A The heatmap elucidating the differential expressional genes
between high and low expression of MCM3AP-AS1 in TCGA LIHC
dataset. B GSEA analysis of the functions and mechanisms medi-
ated by MCM3AP-AS1. C ssGSEA demonstrated the correlation of

between cases with high- and low- MCM3AP-AS1 expres-
sion (Fig. 8A). Further GSEA analysis demonstrated that
MCM3AP-AS1 might be involved in tumor-related phe-
notypes and pathways, including cell cycle, proliferation,
cancer stem cell, EMT, TGF-p pathway, MAPK signaling,
and Wnt signaling. It might be also implicated in immune-
related processes, including IFNa/y response, DC cell dif-
ferentiation, and T cell receptor pathway (Fig. 8B). Thus,
we further investigated the correlation of MCM3AP-AS1
with 24 types of immune cells in TCGA dataset by per-
forming ssGSEA (Fig. 8C). MCM3AP-AS1 was signifi-
cantly correlated with Th2 cells and T helper cells, while
it was negatively correlated with DC and pDC (Fig. 8D).
As is known, IncRNAs always function as a component in
competing endogenous RNA (ceRNA) network. Then, we
predicted the and pathways and potential ceRNA network
regarding MCM3AP-ASI1 in the three datasets (Fig. 8E).
After the intersection of results, a total of 23 candidates
were predicted as MCM3AP-AS1-related ceRNA networks
(Fig. 8F). Key genes like TOP2A, TTK, CENPF, IPO9,
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MCM3AP-AS1 with intratumoral immune cells. D Pearson corre-
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cells. E KEGG and CeRNA prediction of MCM3AP-ASI in three
datasets above. F 23 co-existed genes were presented in the CeRNA
networks of MCM3AP-AS1 in the GEO datasets. **P<0.01

FANCD?2, and related miRNAs were observed in these
CeRNAs (Table S5)

Discussion

In addition to the vital roles in multiple biological and
pathological processes, IncRNAs have shown its clinical
significance as robust biomarkers for prognosis or diag-
nosis (Nemeth et al. 2023; Ahmad et al. 2023). In con-
trast to single gene, gene-based signatures have gained
significant significance in oncology as prognostic mark-
ers due to enhanced specificity and accuracy (Pinto-
Marques et al. 2022). In the present study, we identi-
fied 18 robust IncRNAs with prognostic value for HCC
patients, namely AL354824.2, LNCSRLR, AC019118.2,
ZFPM2-AS1, AL356020.1, AL683887.1, LINC01250,
LINCO1871, EGLN3-AS1, AL445430.1, LINC01297,
AL512785.1, IQCH-AS1, MCM3AP-AS1, AL592043.1,
AC007405.2, AC108752.1, and AC104785.1. Then, the



Journal of Applied Genetics (2024) 65:355-366

365

18-IncRNA-based risk score was established based on
the coefficients calculated by the univariate Cox regres-
sion. Kaplan—Meier analysis showed that HCC patients
with high-risk score had significantly shorter survival
than those with low-risk score. The correlation of high-
risk score with poor OS of HCC patients was also con-
firmed by univariate Cox regression with other clinical
parameters. Additionally, we randomly performed a log-
rank test in one-third of the entire LIHC cohort 10 times,
which also exhibited excellent performance in all tests.
To evaluate the independence of the 18-IncRNA signature
model, we further conducted the stratification analyses in
the training and testing set. As expected, high-risk patients
tended to acquire shorter survival at different tumor stages
or pathological stages in sub-groups of the training set.
Though the differences were not statistically significant in
some sub-groups in testing set due to small sample size, a
shorter survival time was observed in high-risk patients.
The evidence demonstrates that the 18-IncRNA signature
risk score is a robust predictor for the overall survival of
HCC patients.

Previous studies have constructed several IncRNA-
based signatures derived from HCC datasets. For example,
a recent seven-IncRNA signature model showed prognostic
potential for HCC patients with AUC up to 0.754 (Yan
et al. 2019). Interestingly, a previous study constructed a
5-IncRNA signature with 0.769 in 5-year AUC for HCC
patients, exhibiting better predictive capacity after com-
paring with two existing IncRNA-models with 0.701
and 0.721 (Zhao et al. 2018). For the current model, the
18-IncRNA signature had more excellent AUC (almost
higher than 0.8) in predicting 1-year, 3-year, and 5-year
OS in both the training set and testing set. Remarkably,
the AUC of the 18-IncRNA signature for 1, 3, and 5 years
were 0.826, 0.817, and 0.799 in the entire set, which was
significantly higher than any of other clinical factors.
Thus, the risk signature identified in this study may have
superior performance than previous models. The improve-
ments might be attributed to the screening approaches.
The previous models were mainly established on the pre-
screening of the differentially expressed IncRNAs between
HCC tissues and normal tissues. As we know, it might lose
some key prognostic factors with fewer fold changes or no
significant P values. Therefore, we used a combination of
log-rank test and univariable Cox regression test to obtain
the initial candidates for further RSV algorithm, eventu-
ally got the 18-InRNA signature risk model.

Given the prognostic performance, we further explored
the function and pathways mediated by the 18 IncRNAs.
GO analyses found that the IncRNAs were involved in
cell cycle, DNA replication, and DNA recombination,
which might be correlated with the proliferation of HCC
cells. In addition, these IncRNA-mediated genes were

enriched in canonical cancer-related pathways, including
P53 signaling, FOXP3, and IL-6 signaling. Indeed, most
of IncRNAs aforementioned have not been investigated
to date. Furthermore, we predicted the interaction of the
18 IncRNAs with miRNAs and mRNAs. 4 IncRNA were
co-expressed with mRNA and miRNA in TCGA datasets.
LINCO1871 could interact with chemokine family mem-
bers (CCL5, CXCR6, and CCRS5) and CD family members
(CD2, CD5, CD48, and CD247), which play crucial roles
in tumor microenvironment of HCC. For MCM3AP-AS1,
it exerted inhibitory effects on proliferation in cervical
squamous cell carcinoma, suggesting its distinct roles in
different cancer types (Lan et al. 2020). In contrast, it was
recently implicated in provoking tumor growth of HCC
by binding to miR-194-5p as ceRNA (Song et al. 2019).
Consistent with this, our current study found that the over-
expression of MCM3AP-AS1 was observed in the TCGA
datasets and three GEO datasets. Interestingly, MCM3AP-
AS1 was also enriched in HCC blood-derived exosomes,
suggesting the potential detection and targeted signifi-
cance. In addition, MCM3AP-AS1 might contribute to the
initiation and progression of HCC by regulating various
tumor-related pathways, including MAPK signaling, Wnt
pathway, and TGF-f signaling. Moreover, MCM3AP-AS1
was also implicated in tumor microenvironment by regu-
lating immune-related pathways and altering the activi-
ties of the immune cells. According to previous studies,
IncRNA may localize to nuclear to couple transcription,
splicing, and maturation of key immune genes, thereby
regulating activation and differentiation of immune cells.
The prognostic performance of the IncRNA-based risk
signature needs validation in external datasets and large
HCC cohorts. In addition, in light of the potential targeted
value, more experimental assays should be conducted to
investigate the roles and mechanisms of these IncRNAs in
HCC progression.

Conclusions

In conclusion, this study identified an 18-IncRNA signa-
ture, which is significantly associated with the prognosis
of HCC patients. Compared with other clinical risk fac-
tors, the risk signature presented a more efficient perfor-
mance in predicting the survival time of HCC. In addition,
the function analyses suggested that MCM3AP-AS1 might
be implicated in cancer-related processes and pathways.
Future studies should validate the IncRNA-based signature
in more HCC cohorts and further investigate the molecular
mechanisms.
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