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Introduction

Hepatocellular carcinoma (HCC) is one of the most 
common malignant tumors in the world (1). The clinical 
effect of individualized treatment is still unsatisfactory, as 
individual therapy strategies and optimal management still 
pose significant challenges. Surgical resection is presently 
the only possible treatment for HCC (2). Unfortunately, 
as newly diagnosed HCC patients present with distant 
metastases, only a few patients can undergo radical 
surgery. More seriously, many HCC patients will develop 
recurrence, mostly within 2 years (3). Evidence accumulated 
during the past few years indicates that tumor emergence, 

recurrence, and metastasis of HCC is a complex and 
rigorous regulatory process (4). These changes not only 
activate oncogenes or inhibit the role of tumor suppressor 
genes, but also endow HCC with the ability to invade and 
metastasize (5). In this way, further understanding the 
relationship between the biological mechanism of HCC 
and the corresponding clinicopathological characteristics is 
an important step towards conducting targeted therapy and 
improving the prognosis of patients with HCC.

The rapid development of the high-throughput 
technology marks a new era of cancer genomics study (6). 
In recent years, the application of RNA sequencing and 
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microarray technology (7), along with the genomic profiling 
of HCC, has been sufficiently researched, while studies 
examining RNA expression, copy number variation (CNV), 
and DNA methylation have been widely performed. 
More importantly, these results have further confirmed 
that multiple genetic events are required to promote 
the malignant progression of HCC (8,9), and that the 
complexity of cancer biology can only be understood under 
a genome-wide schema. However, although these studies 
have provided valid findings, they have mainly focused 
on the transcriptional expression level (10,11), while the 
systematic analysis of transcript architecture variation has 
been greatly ignored, especially in alternative splicing (AS).

AS refers to a process in which an RNA precursor can 
be spliced into different segments to produce different 
messenger RNA (mRNA) with different structure and 
function, which is then used to form protein variants. It 
is one of the most widely applied mechanisms that can 
account for proteomic diversity and cellular complexity 
(12), and is a major mechanism of protein diversity. There 
is growing evidence that splicing dysregulation is associated 
with cancer (13). From this point of view, aberrant AS 
events can directly affect the occurrence and progression of 
cancer. Moreover, a growing amount of evidence suggests 
that unbalanced or incorrect expression of AS is another 
biomarker of cancer (14,15). Thus, cancer-related AS events 
can potentially be used as therapeutic targets and diagnostic 
and predictive biomarkers. We assume that AS is also 
involved in the pathogenesis of HCC, and may thus be a 
potential prognostic factor. 

 The rapid accumulation of RNA sequence data in 
clinical samples makes it possible to study the role of AS 
in clinical outcomes in relatively large populations. Here, 
we systematically analyzed the genome-wide AS events of 
HCC patients in The Cancer Genome Atlas (TCGA). Our 
results revealed that HCC survival-related AS events are 
important in HCC, can affect the progression of HCC, 
and can be used as highly efficient and reliable prognostic 
signatures for HCC patients. We present the following 
article in accordance with the REMARK reporting checklist 
(available at http://dx.doi.org/10.21037/jgo-20-377).

Methods

Data collection

Clinical information of HCC was downloaded from TCGA 
web site (https://portal.gdc.cancer.gov/) (16), and the 

publication guidelines provided by TCGA were followed. 
AS events of HCC were downloaded from TCGA SpliceSeq 
web site (17). The website presents gene splicing patterns 
and related statistical data in an intuitive, interactive, 
and graphical form, and has dynamic characteristics for 
exploring splicing variations across tumor types. The data 
query or download function of TCGA SpliceSeq’s data 
enabled us to retrieve AS data for each sample and stitching 
event, which were then included in our comprehensive 
analysis.

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). 

Data processing

Some patients were excluded from analysis for the 
following reasons: (I) no histological diagnosis of HCC, (II) 
incomplete clinical survival data, or (III) no corresponding 
AS event data. For each transcript, the relative abundance 
of each sample, which we called “proportion spliced-in” 
(PSI) (18), was calculated by standardizing the sum of its 
abundance in each transcript per million units in the same 
gene. PSI value has been habitually used to quantify AS 
events (19). PSI was rated from 0% to 100%. To generate 
a reliable series of AS events, we implemented strict filters: 
(I) an average PSI value ≥0.05, (II) a percentage of samples 
with PSI value ≥75, (III) a mean standard deviation (SD) 
of PSI value ≥0.001. The HCC patients were separated 
into two groups by the median cut. To describe a splicing 
event precisely, every splicing event was presented by a 
unique code in the current study. For example, for the code, 
UBB-39434-RI, UBB is the gene name, 39434 is the order 
number of the splicing event in the dataset, and RI is the 
type of AS.

Statistical analysis and software

The Kaplan-Meier survival analysis was used to analyze 
the survival time of HCC patients. The AS events with a 
P value <0.05 from Kaplan-Meier analysis were identified 
as survival-related AS events. Circle maps were created to 
show the details of these AS events, and included P value, 
hazard ratio (HR), and 95% confidence interval (CI). 
Multivariate Cox proportional hazards regression analysis 
was used to select the survival-related AS events that might 
be independent predictors for HCC patient prognosis. 
Receiver operating characteristic (ROC) curves were used 
to show the predictive efficiency of the prognostic models. 
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All statistical analyses in this study were performed using 
R software (version 3.5.2) and SPSS Statistics, version 
24.0 (SPSS Inc., Chicago, IL, USA). A two-tailed, P value 
<0.05 was considered to indicate a statistically significant 
difference.

Results 

AS events in HCC 

SpliceSeq is a resource for RNA sequence data from 
TCGA. It provides an overview of AS events and identifies 
splicing events with potential functional changes caused 
by splice variations. We generated AS profiles in HCC 
patients in TCGA. In this cohort, we identified 78,878 
AS events from 13,045 genes. On the basis of the splicing 
pattern, AS events can be divided into seven types (20): 
including alternate acceptor site (AA), alternate donor site 

(AD), alternate promoter (AP), alternate terminator (AT), 
exon skip (ES), mutually exclusive exons (ME), and retained 
intron (RI) (Figure 1A). 

Most AS events can only be detected in a few samples (21).  
In addition, the expression level of some splicing isoforms 
is very low and excludes individual influence. In order 
to generate AS event data as reliably as possible, we 
implemented a series of strict filters. We obtained 26,495 
as events from 8,182 genes after screening, which indicated 
that one gene may have one or more AS events (Figure 1B). 

We use Venn diagrams to represent the relationships 
between interaction sets traditionally, but when dealing with 
five or more sets, it can be extremely complicated. Thus, we 
used the UpSet plot (22), a creative visualization technology 
to quantitatively analyze the interaction sets, to analyze the 
intersection of seven types of AS events. As shown in Figure 
1C, most of the AS events and genes did not have a one-to-
one correspondence, and one gene might have up to seven 

Figure 1 Overview of AS event profiling in HCC. (A) Illustrations for seven types of AS events, including AA, AD, AP, AT, ES, ME, and 
RI. (B) A number of AS events and involved genes from the HCC patients are shown according to the AS types. The blue bars represent 
the preliminarily detected AS events. The pink bars represent the involved genes. (C) UpSet plot of interactions between the seven types 
of detected AS events in HCC. One gene may have up to seven types of AS events related to patient survival. AA, alternate acceptor site; 
AD, alternate donor site; AP, alternate promoter; AS, alternative splicing; AT, alternate terminator; ES, exon skip; HCC, hepatocellular 
carcinoma; ME, mutually exclusive exons; RI, retained intron.
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types of AS events. For example, the ACSL1 gene had the 
AP, ES, and ME types of splicing, while the PTK2 gene 
had all the seven types of splicing. Different combinations 
of genes and AS events may provide the greatest potential 
process to enrich the diversity of the transcriptome.

Identifying survival-related AS events in HCC

Clinical parameters of the HCC patients’ cohort were also 
downloaded from TCGA database. We collected 319 HCC 
patients with disease-free survival (DFS) data and 367 HCC 
patients with OS data in this study. These were named the 
DFS cohort and the OS cohort, respectively.

In the DFS cohort, the median DFS was 20.9 months. 
Furthermore, the 1-, 2-, and 5-year DFS rates were 64.3%, 
45.8%, and 28.0%, respectively. For each AS event, the PSI 
value was divided into two groups according to the median 
cut. We detected a total of 2,440 survival-related AS events 
in the DFS cohort (http://fp.amegroups.cn/cms/9ced11df8
4d805614c16a456f3a2edc1/jgo-20-377-1.xlsx). The top 15 
survival-related AS events in each type of AS are presented 
in Figure 2. The survival-related AS events had different 
prognostic values. For example, more than half of the top 
15 survival-related AS events and RI events indicated a bad 
prognosis for HCC patients, while 13 of the top 15 ME 
events indicated a good prognosis for HCC patients.

In the OS cohort, the median OS was 55.7 months. The 
1-, 2-, and 5-year OS rates were 82.5%, 69.6%, and 46.0%, 
respectively. For each AS event, the PSI value was also 
divided into two groups according to the median cut. We 
detected a total of 2,888 survival-related AS events in the 
OS cohort (http://fp.amegroups.cn/cms/e4f99f2a3e0feec57
647eb416228df17/jgo-20-377-2.xlsx). The top 15 survival-
related AS events in each type of AS are presented in  
Figure 3. The survival-related AS events had different 
prognostic values; in particular, 14 of the top 15 ES events 
indicated a good prognosis for HCC patients.

Building the prognostic model for HCC patients

The relationship between the AS events we identified, 
and the prognosis of HCC patients was studied in TCGA 
cohort. Univariate survival analyses of OS and DFS 
were then respectively conducted. We selected the top 
significant survival-related AS events in the seven types as 
the candidates. We excluded any event that might not have 
been an independent factor in the prognosis model, and 
binomial logistic regression was applied to the potential AS 

events in the seven AS types. 
 In both the DFS and OS cohort, the HCC patients 

were classified into the low-risk and the high-risk groups  
(Figures 4,5). We used the median value of the risk score as 
the cutoff point. In the prognostic model based on the seven 
different types of AS, the survival time of the two subgroups 
was significantly different (P<0.05). These showed great 
power in distinguishing bad or good outcomes in HCC 
patients. Then, the candidate predictors from seven AS 
types were combined and further analyzed to build the 
prognostic models for HCC patients. The equations are 
listed below. In the DFS model, the median DFS of the 
low-risk and the high-risk groups was 20.7 and 1.8 months, 
respectively. In the OS model, the median OS of the low-
risk and the high-risk groups was 83.2 and 14.9 months, 
respectively. 

The risk score model of DFS was calculated as follows: 
Logit P = (CES1 − 655795 − AA × − 0.913) + (TOP1MT 
− 85417 − AA × −0.978) + (C6orf1 – 75778 − AD × 1.241) 
+ (TAF6 – 80899 − AD × 1.209) + (CYP2R1 − 14478-AP 
× −0.804) + (ATAD3B − 173 − AT × −0.872) + (MRPL52 – 
26646 – RI × 1.267). 

The risk score model of OS was calculated as follows: 
Logit P = (MAP7D1 − 1758 − AA × −0.582) + (RNF19B – 
1647 − AA × −0.988) + (PLEKHH3 − 41103 − AD × −1.204) 
+ (OSGIN1 − 37798 − AP × −0.766) + (FAM107B − 10823 − 
AP × − 1.031) + (OGFOD2 –25005 − AP × 0.94) + (GPR75 
− ASB3 − 53555 − AP × − 0.782) + (ADRA1A − 83140 − 
AT × −0.713) + (BBS9 – 79224 − ES × −1.124) + (RAB6A − 
17707 − ME × 0.857) + (UBB – 39434 − RI × 0.847). 

The ROC curves were generated to compare the 
efficiencies of the two predictive models. We calculated 
and compared the area under the curve (AUC) of each 
predictive model. As can be seen in Figure 4 and Figure 5 
shown, the prognostic model with a total of seven types of 
AS events had the highest efficiency in distinguishing bad 
or good outcomes of HCC patients. The AUC of the DFS 
cohort’s prognostic predictor with a total of seven types 
was 0.769, and the AUC of the OS cohort’s was 0.886. The 
detailed information of AS events in the prognostic model 
is listed in Table 1 and Table 2. 

Discussion

AS is one of the post-transcriptional modifications in 
which exonic or intronic regions are removed from the 
precursor mRNA (23). Through the splicing of exons 
together to produce mature RNAs, it is critical source of 

http://fp.amegroups.cn/cms/9ced11df84d805614c16a456f3a2edc1/jgo-20-377-1.xlsx
http://fp.amegroups.cn/cms/9ced11df84d805614c16a456f3a2edc1/jgo-20-377-1.xlsx
http://fp.amegroups.cn/cms/e4f99f2a3e0feec57647eb416228df17/jgo-20-377-2.xlsx
http://fp.amegroups.cn/cms/e4f99f2a3e0feec57647eb416228df17/jgo-20-377-2.xlsx
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Table 2 The detailed information of AS events in the OS cohort 
Survival type AS type AS ID Exons From exon To exon  HR Lower Upper P value

OS AA MAP7D1-1758-AA 15.1 14 15.2 0.559 0.320 0.977 0.041

AA RNF19B-1647-AA 3.1 2 3.2 0.372 0.207 0.670 0.001

AD PLEKHH3-41103-AD 11.2 11.1 12.2 0.300 0.182 0.495 <0.001

AP OSGIN1-37798-AP 1 – – 0.465 0.283 0.763 0.002

AP FAM107B-10823-AP 4 – – 0.357 0.213 0.598 <0.001

AP OGFOD2-25005-AP 1 – – 2.559 1.614 4.058 <0.001

AP GPR75-ASB3-53555-AP 1 – – 0.458 0.278 0.754 0.002

AT ADRA1A-83140-AT 7.2 – – 0.490 0.297 0.810 0.005

ES BBS9-79224-ES 17:18 15 19.2 0.325 0.178 0.593 <0.001

ME RAB6A-17707-ME 5|6 4 7 2.356 1.443 3.847 0.001

RI UBB-39434-RI 3.2 3.1 3.3 2.333 1.459 3.731 <0.001

AS, alternative splicing; AA, alternate acceptor site; AD, alternate donor site; AP, alternate promoter; AT, alternate terminator; ES, exon 
skip; HR, hazard ratio; ME, mutually exclusive exons; OS, overall survival; RI, retained intron.

Table 1 The detailed information of AS events in the DFS cohort

Survival type AS type AS ID Exons From exon To exon HR Lower Upper P value

DFS AA CES1-655795-AA 10.1 7 10.2 0.401 0.175 0.921 0.031

AA TOP1MT-85417-AA 8.1 7 8.2 0.376 0.165 0.857 0.020

AD C6orf1-75778-AD 1.2 1.1 2.1 3.458 1.544 7.743 0.003

AD TAF6-80899-AD 2.3 2.2 3.2 3.352 1.526 7.362 0.003

AP CYP2R1-14478-AP 1 – – 0.448 0.203 0.986 0.046

AT ATAD3B-173-AT 17 – – 0.418 0.188 0.932 0.033

RI MRPL52-26646-RI 1.2:1.3 1.1 1.4 3.551 1.583 7.969 0.002

AS, alternative splicing; DFS, disease-free survival; AA, alternate acceptor site; AD, alternate donor site; AP, alternate promoter; AT,  
alternate terminator; ES, exon skip; HR, hazard ratio; ME, mutually exclusive exons; RI, retained intron.

protein species diversity (24). In other words, changes in 
AS events may lead to changes in protein functions and the 
life activities based on these functions (25). In recent years, 
increasing evidence has shown that AS is closely related 
to the occurrence of cancer (26). The cancer cells often 
take advantage of the process of AS to promote cancer cell 
proliferation, metastasis, and even drug resistance. More 
importantly, a growing amount of data from genome-
wide studies indicate that more than 90% of human genes 
have experienced AS events (27-29). These outcomes 
demonstrate that not only gene expression, but also AS 
subtypes need to be better investigated. 

 HCC is induced by many pathogenic factors, with 
infection by hepatitis, alcoholism, or aflatoxin B1 exposure 
being particularly common (30). Hepatocarcinogenesis 

is a complicated and multi-step process, which includes 
the unbalanced expression of AS variants or the incorrect 
expression of the subtypes. A growing body of research 
suggests that AS plays an important regulatory role in HCC; 
splicing subtypes such as TP53, K-ras, and L-myc are all 
expressed, and the functional characteristics of AS events 
are obvious and include antitumor effects. Furthermore, the 
expression of cell-fate determinant Numb was found to be 
abnormal in HCC, and Numb is alternatively spliced. One 
AS subtype of Numb contains a long proline-rich region 
(PRRL) and the other contains a short proline-rich region 
(PRRS). According to reports, Numb PRRL is associated 
with early postoperative recurrence and reduced overall 
survival (31). 

Deeper research into AS might provide specific 
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insights into the mechanisms of HCC. It is reported that 
overexpression of SRSF2 is involved in the occurrence and 
development of HCC. Further studies have shown that 
cancer-related splicing variants upregulated by SRSF2 in 
HCC clinical specimens are essential for the pathogenesis 
and progression in HCC cells (32). Similarly, The CD44 
standard isoform is involved in epithelial–mesenchymal 
transition in HCC, and the expression levels of CD44 
variant-containing exons, v5, v6, v7–8, and v10, are 
correlated with a high histological grade of HCC (33). 
Moreover, the elevated expression of CD44 v6 is associated 
with the vascular invasion of HCC tissues and invasive 
potentials in HCC cell lines.

Previous studies on AS in HCC have mainly focused on 
identifying cancer-specific AS events by comparing cancer 
tissues or cells with healthy counterparts (34,35). However, 
the survival-related AS events in HCC have remained largely 
unstudied. In this study, we systematically identified and 
analyzed the survival-related AS events in HCC patients from 
TCGA database. A total of 78,878 AS events from 13,045 
genes were detected. There were 2,440 and 2,888 AS events 
found to be significantly associated with the DFS and OS 
of HCC patients. The prognostic genes included CYP2R1, 
ATAD3B, OSGIN1, FAM107B, and ADRA1A, which play 
vital roles in HCC. Among the models constructed based on all 
seven types, which included the AA-type, AD-type, AP-type, 
AT-type, ES-type, ME-type, and RI-type models, the final risk 
score model showed an impressive efficiency in predicting the 
prognosis of HCC patients. The risk score model built in our 
study also performed well in HCC. The AUCs of ROC were 
0.769 for DFS and 0.886 for OS. The results above indicate 
that AS not only has important biological functions but also 
has potential clinical value in HCC.

Some limitations to our study should also be addressed. 
For one, much of TCGA SpliceSeq data only contains 
AS events of protein-coding genes and do not include 
noncoding RNAs, which also have splicing patterns that play 
an important role in cancer progression (34). Furthermore, 
molecular analysis of HCC is often challenging because 
each tumor sample can be polyclonal, and different samples 
contain different levels of stromal tissue (36). This study is 
a computational work based on TCGA SpliceSeq data (37).  
Despite its limitations, the TCGA SpliceSeq database 
provides a standardized data set from which we can derive 
main clinical outcome endpoints and solutions to issues. 
As discussed above, we systematically profiled the genome-
wide AS events in HCC samples from TCGA, identified the 
survival-related AS events, and investigated their prognostic 

value. Our results reveal that such survival-related AS events 
are important in HCC, can directly affect the progression of 
HCC, and can be used as a reliable and efficient prognostic 
signature for HCC patients. We consider these findings to 
be reliable and valuable for HCC prognosis.

In conclusion, we found the survival-related AS events 
to be an ideal prognostic predictor, and our final model 
performed well in risk stratification in HCC patients. 
Among these AS events, several valuable therapeutic targets 
were identified for future verification and may provide 
further insights into the underlying mechanism of AS in 
hepatocarcinogenesis. 
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