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ABSTRACT
Uveal melanoma (UM) is a highly malignant intraocular tumor. The imbalance of alternative splicing (AS) is a
landmark of tumor initiation and progression. However, there are few studies of AS in UM. Thus, this study aimed
to identify a new AS‐based prognostic signature and reveal its relationship with tumor‐infiltrating immune cells.
Univariable Cox regression analysis identified survival‐related AS events. The prognostic signature was constructed
using the univariable and multivariable Cox regression analyses. Kaplan‐Meier survival analysis, the proportional
hazard model, and receiver operating characteristic curves verified its prognostic value. Single‐sample gene set
enrichment analysis was used to analyze immune cell enrichment. The correlation of the risk score with tumor‐
infiltrating immune cells and immune checkpoint blockade (ICB) genes was examined. We screened 2886 survival‐
related AS events, of which five were selected to build a prognostic predictor. The risk score was positively relevant
with ICB key targets (HAVCR2, IDO1, and PDCD1) and the infiltration of T cells, MDSC, and activated B cells. We
provided novel and effective indices, including a risk score and clinical nomogram, for prognostic prediction in UM
and discussed the potential relationship between survival‐related AS events and immune cell infiltration, which is
crucial for developing immune‐targeted therapy to improve prognosis.

immunotherapy is often observed in patients with UM
[5–7]. Based on these considerations, this study aimed
to identify appropriate targets for further treatment.

INTRODUCTION
Uveal melanoma (UM) is the most common primary
intraocular malignant tumor in adults [1–3]. Most
tumors infiltrate the choroid, and those localized to
the iris and ciliary body are relatively seldom. A
significant number of patients with UM will have
systemic metastasis, with the most common metastatic
organ being the liver; once metastasis occurs, survival is
shortened, and surgical treatment becomes futile. When
UM is large or invades its optic disc, surgery requires
removal of the eye with radiotherapy, which causes
great psychological suffering and loss of productivity
among patients with UM [4], and this routine
surgery cannot achieve satisfactory treatment effects.
In contrast, tumor immunotherapy is considered a
promising treatment method and is widely used in
patients with cancer. However, no or limited response to
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Alternative splicing (AS) events are very important
post-transcriptional modifications and include alternate
acceptor sites (AAs), alternate donor sites (ADs),
alternate promoters (APs), alternate terminators (ATs),
exon skips (ESs), retained introns (RIs), and mutually
exclusive exons (MEs), which affect transcription and
regulate many processes in the body [8, 9]. It exists in
more than 90% of human genes and represents a
significant factor in broadening the human proteome
and increasing its diversity by producing different
isomers, which can have different functions and
lead to diverse diseases [10, 11]. Refer to previous
research, AS events can apply critical process in
tumor progression and can produce new epitopes for
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immunotherapy [12, 13]. Imbalances in AS can lead to
a disordered microenvironment. On the one hand, AS
events may lead to the production of specific mRNA
transcripts in the tumor, thus activating cancer-related
genes and pathways; on the other hand, it may also
inhibit tumor immune escape, even killing cancer cells
[14]. Therefore, the abnormal splicing products of
cancer cells in the human body are potential new
immunogenic targets [15]. Studies have shown that AS
events in cancer samples are more frequent than in
normal samples, indicating that AS events have
tremendous potential value in tumor therapy and can be
used as biomarkers and therapeutic targets to provide
new approaches to treatment.

identify a new AS-based prognostic signature and
reveal its relationship with tumor-infiltrating immune
cells in the UM microenvironment.

RESULTS
Screening of survival-related AS events
All AS events related to UM were screened (Figure 1A).
A total of 2886 survival-related AS events were
identified using univariable Cox regression analysis
(Figure 1B and Supplementary Table 1). The splicing
subtypes for all events and survival-related events are
depicted in the upset plot. Among survival-related AS
events, ES, AP AD, and AA occurred more frequently,
ES being the most prevalent and ME being the least
common splicing type. The top 20 survival-related AS
events are shown in Figure 1C. The size of the dots
represents the log10 of the P-value, and the color of the
dots represents the P-value. The Circos plot shows the
relationship between AS and the corresponding genes in
UM (Figure 2A). Gene Ontology (GO) analysis of
the genes involved showed enrichment of mRNA
processing, cell-substrate adhesion, metabolic processes,
and protein processing. The significantly enriched Kyoto
Encyclopedia of Genes and Genome (KEGG) pathways
included the ErbB signaling pathway, metabolic
pathways, and hepatocellular carcinoma, which play

UM is characterized by high malignancy and easy
metastasis; thus, early identification of high-risk
patients is crucial for improving both our biological
understanding of UM and tumor prognosis. Recently,
based on previous studies, alternative splicing can effect
the process of UM [16]. AS events has been shown to
be potentially relevant for immunotherapy, but whether
it affects the immune system of patients with UM and
whether it can be used as a target for diagnosis and
treatment remain unknown. There are few studies on
AS events in UM, so it is of great clinical significance
to explore the potential relationships between AS events
and immune cells in UM. Thus, this study aimed to

Figure 1. Profiling of AS events in UM. (A) The Upset plots of all AS events with UM. (B) The Upset plots of survival‐relevant AS events.
(C) The top 20 most significant survival‐relevant AAs, ADs, ATs, APs, ESs, MEs and RIs is shown in the bubble chart.
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important roles in the initiation and progression of many
types of malignant tumors (Figure 2B). In summary, the
above results show that AS and its corresponding genes
play an important role in the biological processes
relevant to UM.

(ROC) curve analysis showed that the area under the
curve (AUC) for 1- 2-, and 3-year OS exceeded 0.75
(Figure 3C). This indicated that the prognostic model
could accurately predict the survival status of patients.
Univariable and multivariable Cox regression analysis
showed that age and risk score could be used as
independent prognostic indicators of OS in UM, among
which the risk score had the best predictive ability
(Figure 3F). Although the predictive value of other
indices was limited, their potential clinical value should
not be ignored.

Identification of optimal survival-related AS events
Least absolute shrinkage and selection operator (lasso)
regression was used to reduce the number of AS events
related to prognosis, obtaining a model with the lowest
lambda error and the highest accuracy (Figure 3A, 3D).
The AS events thus selected were as follows
(see Methods for the notation): ZNF587B|52344|AP,
SSUH2|63056|AP, RARA|40856|AP, SF1|16681|AA,
ZMIZ2|79561|AA, SMIM7|48185|AT, NSFL1C|58506|
ES, TRAPPC1|39078|RI, and DPYSL2|83132|AP|.
These nine AS events were included in the multivariable
Cox regression analysis, and ultimately five AS events,
shown in Table 1, were used to calculate the risk score,
as detailed in the Methods. As shown in the heatmap of
trend of change and calculation method passed percent
spliced in (PSI) value (Figure 3G), ZNF587B|52344|AP,
RARA|40856|AP, and DPYSL2|83132|AP are AS events
associated with high risk, while SMIM7|48185|AT and
ZMIZ2|79561|AA are associated with low risk.

Construction of a clinical prognostic nomogram
A prognostic map, including risk score and clinical
variables, was established to predict the prognosis of
patients with UM. Among various clinical features, age,
tumor diameter, tumor thickness, clinical stage, and
extrascleral extension were used as candidate prognostic
factors to explore whether they were the best prognostic
indicators, and the AUC curves of 1-, 2-, and 3-year OS
were analyzed as prognostic indicators. The AUC
values of the risk score all exceeded 0.75 (Figure 4D–
4F). The results showed that risk score was the best
independent prognostic indicator. In nomogram, the
score of each independent predictor in the line chart is
the score of the corresponding upper score scale
(points), and the total score of each subject (total points)
is the sum of the scores of each independent predictor.
The value of the total score on the risk axis of UM
occurrence is the survival time for UM. The higher the
total score, the lower the corresponding 1-year, 2-year
and 3-year OS (Figure 4G). The line chart shows that
the calibration curve is approximately diagonal,
indicating strong stability in predicting prognosis
(Figure 4A–4C).

Establishment of a prognostic signature
Using the median risk score as the cutoff value, the
patients were divided into a high-risk group (n = 40)
and a low-risk group (n = 40) for further study (Figure
3E). Kaplan-Meier survival curve showed that the
overall survival (OS) prognosis of the low-risk group
was significantly better than that of the high-risk group
(Figure 3B). The receiver operating characteristic

Figure 2. Identification of AS events and the parent genes in UM. (A) Circos plot show interaction relationship between survival‐
related AS events and their parent genes. (B) GO analysis show the enrichment of protein function, including biological process cellular
component(BP), cellular component(CC) and molecular function(MF) and KEGG analysis show enrichment of pathways.
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Correlation between tumor-infiltrating immune cells
and risk score in UM based on ssGSEA

correlated with six types of immune infiltrating cells,
including activated CD4 T cells, effector memory CD4
T cells, central memory CD4 T cells, activated CD8 T
cells, effector memory CD8 T cells, central memory
CD8 T cells, myeloid-derived suppressor cells
(MDSCs), and B cells (Figure 6A–6F). Moreover, the
parent genes corresponding to the five survival-related
AS events contributing to the risk score were also
significantly associated with tumor-infiltrating immune
cells (Figure 7), which provides a new way to clarify the
characteristics of the UM immune regulatory network.

The analysis of ESTIMATE immune and stromal scores
showed that the high-risk and low-risk groups had
significantly different characteristics in terms of the
tumor immune microenvironment (Figure 5A). The
corresponding heatmap showed that the high-risk group
had higher immune scores and contained more immune
cells than the low-risk group. Similarly, low-risk patients
had higher stromal scores, which means less immune
infiltration, and there was a significant difference in
immunity between the two groups. We analyzed the
two groups. The immune score and risk score were
statistically significant in the high and low risk
groups (Figure 5B). Adopting single-sample gene set
enrichment analysis (ssGSEA) [15] analyzing the
correlation between 28 types of immune cells and the
risk score, we found that the risk score was positive

Correlation between risk score and key molecules of
ICB therapy
Immune checkpoint blockade (ICB) therapy is an
effective treatment that has changed clinical decisions
in oncology to a great extent. We associated six key
immune checkpoint inhibitor genes (PDCD1, CD274,

Figure 3. Confirmation of prognostic signature. (A) Parameter selection in the lasso regression. (B) Kaplan–Meier curve show survival in
the high‐risk and low‐risk groups. (C) ROC analysis predict risk score for 1‐, 2‐, and 3‐year overall survival. The AUC was calculated for ROC
curves. (D) LASSO coefficient profiles of survival‐related AS events. (E) Distribution of risk score and the survival time of UM patients.
(F) Proportional hazards model results show Univariate Cox regression and Multivariate Cox regression results. (G) Heatmap of the survival‐
related AS events PSI value in UM.
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Table 1. Prognostic signature of UM.
ID
ZNF587B|52344|AP
RARA|40856|AP
ZMIZ2|79561|AA
SMIM7|48185|AT
DPYSL2|83132|AP

Z
4.894414405
4.856275588
-4.829716885
-4.761704539
4.678105765

HR
1840.036562
1047298.986
7.15503E-05
0.000227908
163.5174741

PDCD1LG2, CTLA-4, HAVCR2, and IDO1) with risk
scores to reveal the potential risk markers of ICB in
the treatment of UM (Figure 8A, 8B). The results
showed significant positive correlations of the risk score
with HAVCR2, IDO1, and PDCD1, suggesting that
the risk score may play an important role in
immunotherapy. Further analysis showed that 31 of the
47 immune blocking-related genes (including PD-L1)
were significantly upregulated in high-risk patients
(Figure 8C).

HR.95L
90.66288692
3894.08933
1.48716E-06
7.22066E-06
19.32669503

HR.95H
37344.2173083333
281666667.700812
0.00344243611386265
0.00719351066995222
1383.47318539684

pvalue
9.85989E-07
1.19614E-06
1.36727E-06
1.91965E-06
2.89537E-06

mechanisms underlying AS alterations (Figure 9). There
were five negative correlation with AS events (green
arrows), 15 positive correlation with AS events (red
arrows), and 71 SFs (purple ellipses) involved in
the network. Among significant correlations, the
strongest positive one was between TRA2A and
MLLT10|10970|AT and the strongest negative one
between TTC14 and DIS3L2|57980|AT. These results
suggest that SFs are key regulatory factors participating
in the regulation of AS events to further mediate the
initiation and progression of UM.

Regulation network of SFs and AS

DISCUSSION

The interaction network between AS prognosis and
splicing factors (SFs) was constructed based on
correlation analysis to determine the potential

Currently, multiple lines of evidence, such as genomic
complexity and epigenetic diversity among tumors, show

Figure 4. Construction of clinical prognostic nomogram. (A–C) 1‐, 2‐, and 3‐year nomogram calibration curves. (D–F) AUC for
predicting 1‐, 2‐, and 3‐year survival with different clinical characteristics and risk score. (G) Nomogram was assembled by clinical
characteristics and risk score for predicting 1‐, 2‐, and 3‐year survival of UM patients.
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UM to be a highly heterogeneous malignant with the
characteristics of low survival rate and life-threatening
tumor from a molecular and clinical standpoint
[17, 18], a fact that needs to be taken into account by
ophthalmologists. As a key post-transcriptional
modification, AS events can regulate and modify RNA
and can enlarge genomic coding [19]. Abnormal AS
events can lead to cancer. In this study, survival-related
AS events were screened using univariable and
multivariable Cox regression analyses, and a prognostic
signature for patients with UM was developed. KaplanMeier survival analysis, Cox regression analysis, and
ROC curve analysis strongly proved the effectiveness of
the proposed AS events prognostic signature. In addition,
we constructed a clinical prognostic model using risk
scores and established a clinical nomogram model
composed of age, tumor diameter, thickness, and risk
score. This line chart has great potential in clinical

application and can accurately predict the survival rate of
UM patients. The selected SFs are promising potential
factors involved in the imbalance of AS events in UM
and the establishment of a tumor-promoting/inhibiting
microenvironment.
We expect to alleviate or improve the prognosis of
patients with UM through immunotherapy, so there is an
urgent need to develop powerful prognostic tools to
predict its outcome. Abnormal AS events can cause
abnormal infiltration of immune cells. In this study, a
high density of immune cell infiltration, active immune
state, and low survival rate were found in the high-risk
group. We associated the risk score with 28 types of
immune cells and found it is positively correlated with
the infiltration of T cells (including activated/memory
T cells), MDSCs, and activated B cells. In addition,
studies have shown that tumor-infiltrating T cells can

Figure 5. (A) Comparison of ESTIMATE score, stromal score, immune score and 28 types of immune cells ssGSEA enrichment between
high/low‐risk groups. (B) Comparison of stromal score and immune score between high/low‐risk groups.
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Figure 6. Association between riskscore and immune check point genes. (A) association analyses between six immune check point
genes and risk score. (B) association between risk score and HAVCR2, association between risk score and IDO1, association between risk
score and PDCD1. (C) Comparison of immune checkpoint blockade‐related genes expression levels between high/low‐risk groups.

Figure 7. Relationship between risk score and infiltrating immune cells. (A–F) Positive correlation between risk score and activated
CD4 T cell, activated CD8 T cell, activated B cell, effector memory CD4 T cell, effector memory CD8 T cell, MDSC.
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Figure 8. Correlation infiltrating immune cells with five parent genes (A–E stands for ZNF587B, RARA, DPYSL2, SMIM7, and ZMIZ2).

Figure 9. The regulatory network between SFs and survival related AS events. The positive/negative correlations between SFs and
AS events by red/green line.
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kill tumor cells and play an active role in the antitumor
immune response. The evidence indicates that the
growth of T-cell density is a favorable indicator of
prognosis in non-small cell lung cancer, ovarian cancer,
and glioblastoma [20]. However, unlike in other tumors,
the growth of T-cell abundance in UM revealed the
opposite effect [21]. Based on the results of our study,
abnormal AS events may mediate undiscovered T-cell
subsets or lead to tumor-infiltrating T-cell dysfunction,
which can be a key target for immunotherapy [22]. We
speculate that AS events may drive site-specific antigen
heterogeneity associated with T-cell infiltration, resulting
in sustained T-cell exposure damage or regulatory T-cell
production. In addition, there was a positive correlation
between MDSCs and the risk score. Malignant tumors
are often in a state of immunosuppression. MDSCs are
very typical immunosuppressive cells and it can inhibit
the activity of natural killer cells (NK cells) and both
adaptive and innate immune response [23]. NK cells are
effector cells with superior natural immune function and
the main not directly T cell dependent antitumor immune
cells, and the destruction of the function of NK cells
induces liver metastasis of UM [24, 25]. Enrichment of
these immune cells indicates poor prognosis. Infiltrating
B cells play crucial role in promoting tumor immunity.
However, not all B cells can have a positive immune
response in tumor [26]. Regulatory B cells produce antiinflammatory cytokines such as interleukin (IL)-10 to
negatively regulate the immune response and play an
anti-tumor role [27]. There are few studies on infiltrating
B cells in UM, which needs to be further developed;
therefore, these immune cells maybe be used as a
potential and promising immune target.

signal transmission and is the target gene of estrogen in
breast cancer [34]. DPYSL2 is related to the mTOR
signaling pathway; mTOR, as a central regulator of
proliferation signal transduction, is an ideal target for
tumor treatment [35]. SMIM7 inhibits apoptosis in liver
cancer cells [36]. ZMIZ2 is a PIAS-like protein involved
in prostate and colorectal cancer where it promotes
tumor growth [37]. These parent genes are important
transcription factors or are related to tumor treatment
targets, but considering individual genes may lead to
biased results in the analysis of correlation with immune
cells. The risk score is obviously a better indicator of
correlation with immune cells, but all prognostic
markers provide a new possibility for elucidating the
immune network in UM. This is worth noting in the
process of searching for new antigens of tumor
mutations. These genes are related to infiltrating immune
cells, including both tumor promoting and tumor
inhibiting immune cells. AS events and their parent
genes may become new epitopes, which can expand the
target of immunotherapy for malignant tumors and help
formulate targeted immunotherapy strategies, which is
the focus of our further analysis in the future.
Furthermore, it is well known that UM and skin
cutaneous melanoma (CM) have similar cell sources,
and currently, promising immunotherapies, such as
ipilimumab (anti-CTLA4), nivolumab (anti-PD1), and
durvalumab (anti-PDL1), are being successfully applied
for the clinical treatment of CM, with great
improvements in patient survival rates [38, 39].
However, these drugs have no positive effect on the
treatment of UM either alone or in combination. UM has
a unique immunological profile. Our results showed that
the risk score was significantly and positively correlated
with the expression levels of 31 ICB-related genes and 3
ICB key targets and that TIM3 and LAG3 interfere with
antitumor immunity in UM; these two genes are also
highly expressed in our high-risk group. It is believed
that an increasing number of immune genes will be
discovered in the future, and inhibitors of immune
checkpoint genes are expected to block the immune
escape of tumor cells, thus allowing the immune system
to kill cancer cells. In summary, it is suggested that UM
is suitable for targeted immunotherapy strategies. Based
on the risk score, prognostic markers play an important
role in improving the prognosis of patients with UM.

Radiotherapy can expand the number of T cells and
recruit T cells to the irradiated site, so that the irradiated
cells are more vulnerable to T cell-mediated cell killing.
Combined with immunotherapy, it can enhance the anticancer effect [28]. At present, this treatment shows
great result in patients with melanoma [29], and
radiotherapy combined with immunotherapy may be
more appropriate for patients with uveal melanoma with
poor metastatic immune effect.
Genes with splicing events can activate immune cells
[30] and may be used as gene signatures for various
cancer prognostic biomarkers [31, 32]. Our study
revealed that the five key signature genes (ZNF587B,
RARA, DPYSL2, SMIM7, and ZMIZ2) corresponding
to abnormal splicing events are related to immune cells.
ZNF587B is an important member of the C2H2-type
zinc finger protein (ZFP) family. ZNF587B is also an
important transcription factor that has been found to be
related to ovarian cancer and may be a therapeutic target
[33]. The PML-RARA fusion gene is related to acute
ovarian cancer, and RARA participates in estrogen
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To explore the upstream regulatory mechanism of AS
events, we constructed an interaction network between
survival-related SFs and prognostic AS events. Our
exploration of upstream and downstream regulation
mechanisms will contribute to explaining how AS plays a
role in UM. In particular, we determined that AS events
were closely related to ICB genes and immune cell
infiltration. At present, the effect of UM in ICB treatment
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is not satisfactory. However, there is still great potential
space for immunotherapy. We have explored valuable
variable shear events and screened prognostic signature.
The immune cells stimulated and induced by them and
how to affect UM and finally eliminate tumors will be the
focus of our future research work. This preliminary work
is very important as it enables us to explore the follow-up
immunotherapy
of
UM,
developing
targeted
immunotherapy, and improving prognosis.

the associated genes using GO and KEGG was
performed to analyze the enrichment of genes involved
in terms of protein function(biological process cellular
component(BP), cellular component(CC) and molecular
function(MF)) and pathways, respectively. In addition.
In addition, Circos plot visualization was used to show
the correlation between survival-related events and the
corresponding genes more directly.
Construction and verification of a prognostic
signature

In conclusion, exploring the effect of AS events on the
prognosis of patients with UM, we constructed effective
prognostic markers and clinical predictive models, which
suggest the clinical prognostic value of AS events. We
systematically analyzed the complete upstream and
downstream regulatory mechanisms of AS and immune
cell-related AS events. Finally, we established a survivalrelated AS-SFs regulatory network for exploring the
potential mechanism involved in UM, providing new
clues for studying the pathogenesis of UM and improving
its prognosis.

Lasso regression analysis was used to improve the
accuracy of the model while preventing model
overfitting. The identified AS events were included in
the multivariable Cox regression analysis to analyze the
prognostic signature. All selected AS events were fitted
to calculate the risk score. The formula is as follows:
risk score = βASevent1 × PSIASevent1+βASevent2×PSIASevent2
+…+βASeventn×PSIASeventn.
Patients were divided into a high-risk and a low-risk
group based on a risk score cutoff, and the survival of
the two groups was analyzed using Kaplan-Meier
survival curves. The ROC curve was used to examine
the prognostic value of the signature. Cox regression
was used to explore whether the risk score could be
used as an independent factor for predicting prognosis.

MATERIALS AND METHODS
Data acquisition and processing
Clinical and transcriptome information of 80 UM
cases were downloaded from The Cancer Genome
Atlas (TCGA) database (http://cancergenome.nih.gov).
The TCGAspliceseq database (http://bioinformatics.
mdanderson.org/TCGASpliceSeq) was used to download
AS data related to UM and specifically the PSI values
representing the occurrence probability of different AS
events (from 0 to 1). The PSI can quantify AS events in
a way suitable for further analysis. In this study, we
selected the AS events with PSI exceeding 0.75.

Establishment of a clinical prognostic nomogram
To predict the OS of patients with UM, we established
an AS-pathologic nomogram including the risk score
and clinical indices (age, tumor diameter, tumor
thickness, clinical stage, and extrascleral extension),
which was used to estimate the probability of 1-, 2-, and
3-year OS in patients with UM. A calibration curve
reflecting the predictive value of the nomogram was
plotted. To comprehensively evaluate the ability of risk
score, age, tumor diameter, and tumor thickness to
predict the prognosis of 1-, 2-, and 3-year OS, the AUC
value was calculated using a time-dependent ROC
curve to evaluate its accuracy [38].

Normalization and annotation of AS events
For the comprehensive and unified comparison of
different AS events, a formalized annotation was
devised, consisting of the parent gene involved, the ID
number of the AS event, and the splicing type (e.g.,
“SF1|16681|AA”). AS events include the seven different
AS modes (AA, AD, AP, AT, ES, RI, and ME).
Selection of survival-related AS events

Correlation between prognostic
tumor-infiltrating immune cells

Univariable Cox regression analysis was used to screen
out AS events related to the OS of patients with UM,
excluding the AS events with standard deviation of the
PSI value less than 0.01. Considering that one gene may
correspond to multiple splicing modes, an upset plot
was created to visualize the interaction set of AS events,
and a bubble chart was used to visually display the top
20 survival-related AS events. Enrichment analysis of

There are at least 28 kinds of infiltrating immune cells
in the tumor. To reveal the infiltration of immune and
stromal cells in UM, single-sample gene set enrichment
analysis(ssGSEA) was used to analyze the enrichment
of 28 kinds of immune-related cells in the high- and
low-risk groups [39], and the stromal cells and immune
cells were compared in the two risk groups. The
correlation between risk score and 28 types of immune-
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related cells was analyzed, as well as the correlation
between parent genes corresponding to five AS events
and tumor-infiltrating immune cells.
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In this study, R software was used for statistical
analysis. The Wilcoxon test was employed to compare
two groups, and the Kaplan-Meier log-rank test to
analyze survival curves. Risk score, clinical indexes,
density of tumor immune cell infiltration, ICB genes,
SFs, and AS interaction were analyzed by Spearman
correlation analysis. Cox regression, univariable and
multivariable, and lasso regression were used to
construct the prognostic model.

AUTHOR CONTRIBUTIONS
Conception and design: Deqian Kong and Li Li. Data
acquisition and analyse: Deqian Kong, Huajun Wang
and Ke Li. Financial support: Guangying Zheng. All
authors contributed to the manuscript and approved the
final manuscript.

ACKNOWLEDGMENTS
The authors would like to show gratitude to TCGA
databases, which shared databases for this study.

www.aging‐us.com

821

AGING

9.

Lipscombe D, Lopez Soto EJ. Alternative splicing of
neuronal genes: new mechanisms and new therapies.
Curr Opin Neurobiol. 2019; 57:26–31.
https://doi.org/10.1016/j.conb.2018.12.013
PMID:30703685

18. Blomen CL, Kött J, Hartung TI, Torster LK, Gebhardt C.
Combination of Immune Checkpoint Inhibitors and
Liver‐Specific Therapies in Liver‐Metastatic Uveal
Melanoma: Can We Thus Overcome Its High
Resistance? Cancers (Basel). 2021; 13:6390.
https://doi.org/10.3390/cancers13246390
PMID:34945010

10. Kelemen O, Convertini P, Zhang Z, Wen Y, Shen M,
Falaleeva M, Stamm S. Function of alternative splicing.
Gene. 2013; 514:1–30.
https://doi.org/10.1016/j.gene.2012.07.083
PMID:22909801

19. Nilsen TW, Graveley BR. Expansion of the eukaryotic
proteome by alternative splicing. Nature. 2010;
463:457–63.
https://doi.org/10.1038/nature08909
PMID:20110989

11. Baralle FE, Giudice J. Alternative splicing as a regulator
of development and tissue identity. Nat Rev Mol Cell
Biol. 2017; 18:437–51.
https://doi.org/10.1038/nrm.2017.27 PMID:28488700

20. Shionoya Y, Kanaseki T, Miyamoto S, Tokita S, Hongo A,
Kikuchi Y, Kochin V, Watanabe K, Horibe R, Saijo H,
Tsukahara T, Hirohashi Y, Takahashi H, et al. Loss of
tapasin in human lung and colon cancer cells and
escape from tumor‐associated antigen‐specific CTL
recognition. Oncoimmunology. 2017; 6:e1274476.
https://doi.org/10.1080/2162402X.2016.1274476
PMID:28344889

12. Urbanski LM, Leclair N, Anczuków O. Alternative‐
splicing defects in cancer: Splicing regulators and their
downstream targets, guiding the way to novel cancer
therapeutics. Wiley Interdiscip Rev RNA. 2018;
9:e1476.
https://doi.org/10.1002/wrna.1476 PMID:29693319
13. Bonnal SC, López‐Oreja I, Valcárcel J. Roles and
mechanisms of alternative splicing in cancer ‐
implications for care. Nat Rev Clin Oncol. 2020;
17:457–74.
https://doi.org/10.1038/s41571‐020‐0350‐x
PMID:32303702

21. Sun Y, Wu J, Yuan Y, Lu Y, Luo M, Lin L, Ma S.
Construction of a Promising Tumor‐Infiltrating CD8+ T
Cells Gene Signature to Improve Prediction of the
Prognosis and Immune Response of Uveal Melanoma.
Front Cell Dev Biol. 2021; 9:673838.
https://doi.org/10.3389/fcell.2021.673838
PMID:34124058

14. Abou Faycal C, Gazzeri S, Eymin B. RNA splicing, cell
signaling, and response to therapies. Curr Opin Oncol.
2016; 28:58–64.
https://doi.org/10.1097/CCO.0000000000000254
PMID:26575690

22. Niederkorn JY, Wang S. Immunology of intraocular
tumors. Ocul Immunol Inflamm. 2005; 13:105–10.
https://doi.org/10.1080/09273940490518586
PMID:15835077
23. Weber R, Groth C, Lasser S, Arkhypov I, Petrova V,
Altevogt P, Utikal J, Umansky V. IL‐6 as a major
regulator of MDSC activity and possible target for
cancer immunotherapy. Cell Immunol. 2021;
359:104254.
https://doi.org/10.1016/j.cellimm.2020.104254
PMID:33296753

15. Kahles A, Lehmann KV, Toussaint NC, Hüser M, Stark
SG, Sachsenberg T, Stegle O, Kohlbacher O, Sander C,
Rätsch G, and Cancer Genome Atlas Research Network.
Comprehensive Analysis of Alternative Splicing Across
Tumors from 8,705 Patients. Cancer Cell. 2018;
34:211–24.e6.
https://doi.org/10.1016/j.ccell.2018.07.001
PMID:30078747

24. Ma D, Luyten GP, Luider TM, Niederkorn JY.
Relationship between natural killer cell susceptibility
and metastasis of human uveal melanoma cells in a
murine model. Invest Ophthalmol Vis Sci. 1995;
36:435–41.
PMID:7843912

16. Wan Q, Sang X, Jin L, Wang Z. Alternative Splicing
Events as Indicators for the Prognosis of Uveal
Melanoma. Genes (Basel). 2020; 11:227.
https://doi.org/10.3390/genes11020227
PMID:32098099

25. Javed A, Milhem M. Role of Natural Killer Cells in Uveal
Melanoma. Cancers (Basel). 2020; 12:3694.
https://doi.org/10.3390/cancers12123694
PMID:33317028

17. Collaborative Ocular Melanoma Study Group.
Assessment of metastatic disease status at death
in 435 patients with large choroidal melanoma in
the Collaborative Ocular Melanoma Study (COMS):
COMS report no. 15. Arch Ophthalmol. 2001;
119:670–6.
https://doi.org/10.1001/archopht.119.5.670
PMID:11346394

www.aging‐us.com

26. Tokunaga R, Naseem M, Lo JH, Battaglin F, Soni S,
Puccini A, Berger MD, Zhang W, Baba H, Lenz HJ. B cell
and B cell‐related pathways for novel cancer
treatments. Cancer Treat Rev. 2019; 73:10–9.

822

AGING

https://doi.org/10.1016/j.ctrv.2018.12.001
PMID:30551036

35. Liu Y, Pham X, Zhang L, Chen PL, Burzynski G,
McGaughey DM, He S, McGrath JA, Wolyniec P, Fallin
MD, Pierce MS, McCallion AS, Pulver AE, et al.
Functional variants in DPYSL2 sequence increase risk of
schizophrenia and suggest a link to mTOR signaling. G3
(Bethesda). 2014; 5:61–72.
https://doi.org/10.1534/g3.114.015636
PMID:25416705

27. Rosser EC, Mauri C. Regulatory B cells: origin,
phenotype, and function. Immunity. 2015; 42:607–12.
https://doi.org/10.1016/j.immuni.2015.04.005
PMID:25902480
28. Rudqvist NP, Pilones KA, Lhuillier C, Wennerberg E,
Sidhom JW, Emerson RO, Robins HS, Schneck J,
Formenti SC, Demaria S. Radiotherapy and
CTLA‐4 Blockade Shape the TCR Repertoire of
Tumor‐Infiltrating T Cells. Cancer Immunol Res. 2018;
6:139–50.
https://doi.org/10.1158/2326‐6066.CIR‐17‐0134
PMID:29180535

36. Liu Q, Dai SJ, Dong L, Li H. Long noncoding RNA RP11‐
909N17.2 promotes proliferation, invasion, and
migration of hepatocellular carcinoma by regulating
microRNA‐767‐3p. Biochem Cell Biol. 2020; 98:709–18.
https://doi.org/10.1139/bcb‐2019‐0362
PMID:33210543
37. Lee SH, Zhu C, Peng Y, Johnson DT, Lehmann L, Sun Z.
Identification of a novel role of ZMIZ2 protein in
regulating the activity of the Wnt/β‐catenin signaling
pathway. J Biol Chem. 2013; 288:35913–24.
https://doi.org/10.1074/jbc.M113.529727
PMID:24174533

29. Tagliaferri L, Lancellotta V, Fionda B, Mangoni M, Casà
C, Di Stefani A, Pagliara MM, D'Aviero A, Schinzari G,
Chiesa S, Mazzarella C, Manfrida S, Colloca GF, et al.
Immunotherapy and radiotherapy in melanoma: a
multidisciplinary comprehensive review. Hum Vaccin
Immunother. 2021. [Epub ahead of print].
https://doi.org/10.1080/21645515.2021.1903827
PMID:33847208

38. Blanche P, Dartigues JF, Jacqmin‐Gadda H. Estimating
and comparing time‐dependent areas under
receiver operating characteristic curves for censored
event times with competing risks. Stat Med. 2013;
32:5381–97.
https://doi.org/10.1002/sim.5958 PMID:24027076

30. Meininger I, Griesbach RA, Hu D, Gehring T, Seeholzer
T, Bertossi A, Kranich J, Oeckinghaus A, Eitelhuber AC,
Greczmiel U, Gewies A, Schmidt‐Supprian M, Ruland J,
et al. Alternative splicing of MALT1 controls signalling
and activation of CD4(+) T cells. Nat Commun. 2016;
7:11292.
https://doi.org/10.1038/ncomms11292
PMID:27068814

39. Charoentong P, Finotello F, Angelova M, Mayer C,
Efremova M, Rieder D, Hackl H, Trajanoski Z. Pan‐
cancer Immunogenomic Analyses Reveal Genotype‐
Immunophenotype Relationships and Predictors of
Response to Checkpoint Blockade. Cell Rep. 2017;
18:248–62.
https://doi.org/10.1016/j.celrep.2016.12.019
PMID:28052254

31. Wang L, Bi J, Li X, Wei M, He M, Zhao L. Prognostic
alternative splicing signature reveals the landscape of
immune infiltration in Pancreatic Cancer. J Cancer.
2020; 11:6530–44.
https://doi.org/10.7150/jca.47877 PMID:33046974

40. Li B, Chan HL, Chen P. Immune Checkpoint Inhibitors:
Basics and Challenges. Curr Med Chem. 2019;
26:3009–25.
https://doi.org/10.2174/0929867324666170804143706
PMID:28782469

32. Donaldson LF, Beazley‐Long N. Alternative RNA
splicing: contribution to pain and potential therapeutic
strategy. Drug Discov Today. 2016; 21:1787–98.
https://doi.org/10.1016/j.drudis.2016.06.017
PMID:27329269

41. Kikushige Y. TIM‐3 in normal and malignant
hematopoiesis: Structure, function, and signaling
pathways. Cancer Sci. 2021; 112:3419–26.
https://doi.org/10.1111/cas.15042
PMID:34159709

33. Liu Y, Ouyang Q, Sun Z, Tan J, Huang W, Liu J, Liu Z,
Zhou H, Zeng F, Liu Y. The Novel Zinc Finger Protein
587B Gene, ZNF587B, Regulates Cell Proliferation and
Metastasis in Ovarian Cancer Cells in vivo and in vitro.
Cancer Manag Res. 2020; 12:5119–30.
https://doi.org/10.2147/CMAR.S252347
PMID:32617020

42. Cheong JE, Ekkati A, Sun L. A patent review of IDO1
inhibitors for cancer. Expert Opin Ther Pat. 2018;
28:317–30.
https://doi.org/10.1080/13543776.2018.1441290
PMID:29473428

34. Liquori A, Ibañez M, Sargas C, Sanz MÁ, Barragán E,
Cervera J. Acute Promyelocytic Leukemia: A
Constellation of Molecular Events around a Single
PML‐RARA Fusion Gene. Cancers (Basel). 2020; 12:624.
https://doi.org/10.3390/cancers12030624
PMID:32182684

www.aging‐us.com

43. Seiler M, Peng S, Agrawal AA, Palacino J, Teng T, Zhu P,
Smith PG, Buonamici S, Yu L, and Cancer Genome Atlas
Research Network. Somatic Mutational Landscape
of Splicing Factor Genes and Their Functional

823

AGING

Consequences across 33 Cancer Types. Cell Rep. 2018;
23:282–96.e4.
https://doi.org/10.1016/j.celrep.2018.01.088
PMID:29617667

www.aging‐us.com

824

AGING

SUPPLEMENTARY MATERIALS
Supplementary Tables
Please browse Full Text version to see the data of Supplementary Tables 1, 2.

Supplementary Table 1. A total of 2886 survival‐related AS events.

Supplementary Table 2. A total of 404 splicing factors (SFs).
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