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Background: Alternative splicing (AS) events is a novel biomarker of tumor prognosis, but the role of AS events in sarcoma
patients remains unclear.

Material/Methods: RNA-seq and clinicopathologic data of the sarcoma cohort were extracted from the TCGA database and data
on AS events were downloaded from the TCGASpliceSeq database. Univariate Cox analysis, LASSO regression
analysis, and multivariate Cox analysis were performed to determine the overall survival (0S)- and disease-
free survival (DFS)-related AS events. Two nomograms were developed based on the independent variables,
and subgroup analysis was performed. The area under the curve (AUC), calibration curve, and decision curve
analysis (DCA) were used to evaluate the nomograms. Then, we used the CIBERSORT and ESTIMATE package
to determine the immune cell proportion and tumor microenvironment (TME) score, respectively. The associa-
tions between AS events-based clusters and TME and immune cells were studied.

Results: We identified 1945 and 1831 AS events as OS- and DFS-related AS events, respectively. Two nomograms based
on the AS events and clinical data were established and the AUCs of nomograms ranged from 0.807 to 0.894.
The calibration curve and DCA showed excellent performance of nomograms. In addition, the results indicat-
ed the distinct relationships between AS events-based clusters and OS, DFS, immune score, stromal score, and
10 immune cells.
Conclusions: Our study indicated that AS events are novel prognostic biomarkers for sarcoma patients that may be associ-
ated with the TME and immune cells.
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Background

Sarcoma is a heterogeneous group of malignancies originat-
ing from mesenchymal tissues, which has significant histolog-
ical diversity. Among the many histological types of sarcoma,
osteosarcoma, leiomyoma, lymphosarcoma, and synovial sar-
coma are common histological types [1]. Surgery is the first-
line treatment for sarcoma patients, and some patients receive
radiotherapy if needed [2]. However, metastasis can occur even
in early-stage sarcoma patients, and more than 50% of patients
have high risk of metastasis or death [1]. Hence, it is essential
to find contributing markers for diagnosis, risk stratification,
and prediction of prognosis for sarcoma patients. Intensive ef-
forts have been made to determine the prognostic biomarkers
of sarcoma patients in previous studies, such as clinicopath-
ologic variables, IncRNA, gene-signature, miRNA, and plasma-
cytoma variant translocation 1 [3-7]. However, although previ-
ous research has contributed sarcoma research, mostly studies
have focused on the transcriptional level, while genome-wide
profiling of splicing variant is lacking.

Alternative splicing (AS) event is one of the most important
steps in post-transcription regulation for pre-RNA. About
92-94% of genes in humans are modified by AS event [8]. With
the limited number of genes, AS event is very important for bi-
ological protein diversity by regulating the production of dif-
ferent mRNA subtypes [9-12]. Moreover, the close relationship
between AS event and malignancy has been studied recently
for the first time [13,14]. AS event is considered to be related
with tumorigenesis, progression, metastasis, and drug resis-
tance of tumors [15-18]. More importantly, with the develop-
ment of high-throughput sequencing, many studies have fo-
cused on comprehensive genome-wide profiling of AS events
in cancer and confirmed that AS events can be used as robust
prognostic biomarkers. For example, Zhang et al. [19] studied
330 oral squamous cell carcinoma patients, and a AS event-
based signature was established and validated. In addition, the
AS-splicing factor (SF) regulatory network was also established.
Notably, similar studies were also performed to study breast
cancer [20], kidney renal clear cell carcinoma [21], colorectal
cancer [22], and esophageal carcinoma [23]. However, our lit-
erature review found few studies focused on the association
between sarcoma and AS events. Furthermore, The Cancer
Genome Atlas (TCGA) data portal provides the AS events data
of sarcoma patients, and the corresponding clinical data were
also provided in the dataset, which facilitated the present study.

Therefore, in our study, comprehensive bioinformatics and sta-
tistical methods were used to identify the prognosis-associated
AS events in the sarcoma cohort based on the TCGA data por-
tal. We developed 2 nomograms based on the AS events and
clinicopathologic data to predict the overall survival (OS) and
disease-free survival (DFS) in sarcoma patients. To the best of
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our knowledge, this is the first published study exploring the
potential relationship between AS events and immune features.

Material and Methods

Data acquisition and preprocessing

The RNA-seq data (Level 3) and clinicopathologic data of the
sarcoma cohort were extracted from the TCGA data portal
(https://tcga-data.nci.nih.gov/tcga/). We included patients with
complete data and with OS more than 30 days in the TCGA-
SARC. In addition, we used the percent spliced in (PSI) value
to quantify the AS event, and the value of PSI in TCGA-SARC
was downloaded from the TCGASpliceSeq [24]. Samples with
less than 25% of lacking PSI values were included in the pres-
ent study. To show the intersections between the 7 types of AS
events — Exon Skip (ES), Mutually Exclusive Exons (ME), Retained
Intron (RI), Alternate Promoter (AP), Alternate Terminator (AT),
Alternate Donor site (AD), and Alternate Acceptor site (AA) —
we generated UpSet plots and bar plots [25].

Identification of OS- and DFS-related AS events

Based on the inclusion criteria, 195 patients diagnosed as hav-
ing sarcoma were included in our cohort. We performed the
univariate Cox analysis to determine the prognostic AS events,
including OS-related AS events and DFS-related AS events.
The AS events with a p-value <0.05 in the univariate Cox anal-
ysis were considered as the prognostic AS events. A circular
dendrogram was generated to show the most significant prog-
nostic AS events (top 20, if possible).

Construction of a prognostic AS events signature

On the basis of the prognostic AS events, the least absolute
shrinkage and selection operator (LASSO) regression analysis
was performed to avoid overfitting [26]. Then, multivariate Cox
analysis was performed and independent prognostic AS events
were determined. Subsequently, based on the independent AS
events, a prognostic model was constructed using multivari-
ate Cox analysis, and the risk scores of each patient were cal-
culated. The optimal cutoff value of risk score was identified
using X-tile software, and 195 patients were stratified into the
low-, middle-, and high-risk groups [27].

Identification of independent predictors and construction
of a nomogram

The clinicopathologic data used were age, sex, neoplasm his-
tologic type, disease multifocal indicator, surgical margin re-
section status, and tumor site. Firstly, we used the X-tile soft-
ware to determine the optimal cutoff value of age in predicting
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0S and DFS [27]. Then, univariate Cox analysis was performed
and the prognostic clinicopathologic data were determined
(p-value <0.05). The risk classification based on AS events
and prognostic clinicopathologic data was incorporated into
the multivariate Cox analysis, and independent predictors of
prognosis in sarcoma patients were identified.

Based on the independent predictors, 2 nomograms were devel-
oped to predict the OS and DFS in sarcoma patients. The time-
dependent receiver operating characteristic (ROC) curves with
the area under the curve (AUC) of 3-, 5-, and 7-year survival
were generated to quantify the discrimination of the prognos-
tic nomogram [28], and the calibration curves of 3-, 5-, and
7-year survival were used to calibrate the nomogram. The net
benefit of the nomogram was determined by decision curve
analysis (DCA) [29].

Subgroup analysis of the nomograms

To further assess if the nomograms can serve as an effective
tool in the various histological types of sarcoma, subgroup anal-
ysis was performed for 4 major histological types. First, the risk
scores of each patient were calculated based on the nomo-
gram. Then, the time-dependent ROC curves were plotted and
the AUCs were calculated. According to the cutoff value (me-
dian) in each subgroup, we stratified patients into a high-risk
group and a low-risk group. The Kaplan-Meier curves of each
histological type patient were generated and the log-rank test
was used to determine if the prognostic nomogram can effec-
tively distinguish among patients in various risk stratifications.

Splicing correlation network construction

It has been reported that SF plays a vital role in regulating
AS events [30,31]. Therefore, to clarify the potential AS-SF
regulatory network, a correlation network between SFs and
prognostic AS events was constructed. First, data on the ex-
pression of 71 SF genes were downloaded from TCGA. Then,
the correlation between SFs and AS event was determined by
Spearman correlation analysis. A correlation with p<0.05 and
r>0.6 was considered to be statistically significant. Cytoscape
(version 3.7.2) was used to visualize the correlation network.

Functional enrichment

In our study, we used Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathways to ex-
plore the prognostic utility of AS events. Because the over-
lapping AS events play an essential role in cancer progres-
sion, corresponding genes of overlapping AS events between
0S- and DFS-related AS events were selected to perform the
functional enrichment. Terms with a p-value <0.05, a mini-
mum count of 3, and an enrichment factor >1.5 were collected
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and grouped into clusters based on their membership similar-
ities. The enrichment analyses were performed in Metascape
(http://metascape.org).

Evaluation of correlation between tumor
microenvironment score and immune cell proportion

To better understand the correlation between different mo-
lecular subtypes and immune features, the unsupervised con-
sensus approach implemented with the Consensus Cluster
Plus package was used to classify the sarcoma cohort based
on the overlapping prognostic AS events. Because the over-
lapping AS events are the most highly conserved, we suggest-
ed they are the most likely to be associated with prognosis.
The CIBERSORT package was used to determine the proportions
of 22 immune cell types, and only patients with CIBERSORT
P<0.05 were considered eligible for further analysis [32]. In ad-
dition, the Estimation of STromal and Immune cells in Malignant
Tumors using Expression data (ESTIMATE) algorithm, a meth-
od that uses gene expression signatures to infer the fraction
of stromal and immune cells in tumor samples, was performed
in R software to identify the immune score, stromal score, and
estimate score by using the estimate package [33]. Then, one-
way ANOVA was performed to compare the difference of im-
mune cells proportion and tumor microenvironment score be-
tween 3 clusters, and a heat map was generated to show the
differences in features among the 3 clusters.

Results

Overview of AS events in sarcoma cohort

One hundred ninety-five sarcoma patients who met the crite-
rion were included in our research. Overall, 40 182 AS events
and 18 996 corresponding genes were detected in the sarco-
ma cohort, including 15 311 Exon Skip (ES), 8287 AT, 7837
AP, 3196 AA, 2815 AD, 2572 RI, and 164 ME (Figure 1A, 1B).
In Figure 1A, most of the AS events were from 1 gene, which
could have several types of AS events. For example, 1 gene
might contain up to 6 AS types, such as ES, AP, AT, AA, AD,
and RI (Figure 1A).

Identification of prognostic AS events

To identify the OS-AS events and DFS-AS events in sarcoma pa-
tients, univariate Cox analysis was performed. A total of 1945
AS events with 1404 parent genes and 1831 AS events with
1351 genes were identified as OS- and DFS-related AS events,
respectively. Two UpSet plots were created to visualize the in-
teraction among all types of AS events, and 2 bar plots were
generated to show the number of AS events and corresponding
genes (Figure 1C-1F). Meanwhile, 763 overlapping AS events
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Figure 1. Overview of AS events and prognostic AS events in SARC. (A) UpSet plot of interactions between 7 types of AS events in
SARC. (B) Number of AS events and related genes in SARC. (C) UpSet plot of interactions between 7 types of OS-AS events
in SARC. (D)The number of OS-AS events and related genes in SARC. (E) UpSet plot of interactions between 7 types of DFS-
AS events in SARC. (F) Number of DFS-AS events and related genes in SARC. (G, H) Venn diagram of OS-AS events, DFS-AS
events, overlapping AS-events, and overlapping genes. AS — alternative splicing; SARC — sarcoma; OS — overall survival;
DFS - disease-free survival.
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Figure 2. Prognostic AS events in the SARC cohort. (A) The top 20 significant OS-AS events for 7 splicing types (except ME). (B) The top
20 significant DFS-AS events for 7 splicing types (except ME). SARC — sarcoma; OS — overall survival; ME — mutually exclusive

exon; DFS - disease-free survival.

with 690 genes between OS- and DFS-related AS events were
also identified and visualized (Figure 1G, 1H). Furthermore,
2 circular dendrograms were developed to depict the top 20
(except ME) significant OS-related AS events (Figure 2A) and
DFS-related AS events among 7 types (Figure 2B). The results
showed that the distribution of 7 types of OS-related AS events
(Figure 1D) was similar to the overall AS events (Figure 1B), and
the distribution of 7 types of DFS-related AS events (Figure 1F)
was also similar to the overall AS events (Figure 1B).

Construction of an AS events prognostic model for the
sarcoma cohort

Based on the OS- and DFS-related AS events, the LASSO analy-
sis was used to avoid overfitting, and 17 AS events and 11 AS
events were determined as significant prognostic AS events for
0S and DFS, respectively (Figure 3A-3D). Finally, 9 AS events
were determined as the independent OS-related AS events and
8 for DFS-related AS events (Tables 1, 2). The risk scores for
each patient were calculated by multivariate Cox analysis based
on the independent predictors, and all patients were stratified
into low-, middle-, and high-risk groups by use of X-tile soft-
ware (Supplementary Figure 1). The results of the survival anal-
ysis indicated that the risk score was significantly associated
with the prognosis of sarcoma patients, including OS and DFS.
Supplementary Figure 2 contains the survival status distributions
and heat map showing the PSI of independent AS events of sar-
coma patients, which also showed that the AS event is an ideal
predictor for both survival and recurrence in sarcoma patients.
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Development of nomograms based on the AS events and
clinicopathologic data

Nomograms are a novel type of predictive model and are con-
venient for use in clinical practice. Hence, a nomogram based
on AS events and clinicopathologic data was developed in the
present study. First, the cutoffs of age were determined using
X-tile software (Supplementary Figure 1). Then, univariate Cox
analysis showed that the risk classification based on the AS
events, age, disease multifocal indicator, and surgical margin
resection status were identified as OS-related predictors, and
the same prognostic predictors were also identified in DFS-
related predictors (Table 3). Subsequently, the risk classifica-
tion based on AS events was identified as independent OS-
and DFS-related predictors, and the disease multifocal indicator
was confirmed as an independent predictor of OS, while sur-
gical margin resection status was confirmed as an indepen-
dent predictor of DFS (Table 4). Then, based on the indepen-
dent prognostic predictors, 2 nomograms were established
(Figures 4A, 5A). The ROC curves of 3-, 5-, and 7-year surviv-
al of the nomograms in predicting the OS and DFS in sarco-
ma patients were generated and the time-AUC was calculat-
ed (Figures 4B, 5B). The AUC of the nomogram ranged from
0.807 to 0.894, which were higher than the single predictors
in all situations. The calibration curve of 3-, 5-, and 7-year sur-
vival showed good agreement between predictive and actual
outcome (Figures 4C, 5C). DCA analysis was also performed in
the present study, and the results showed great clinical utility
in all situations (Figures 4D, 5D).
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Figure 3. LASSO regression to select the most significant OS-AS events (A, B) and DFS-AS events (C, D), respectively. LASSO — least
absolute shrinkage and selection operator; AS — alternative splicing; OS — overall survival; DFS — disease-free survival.

Subgroup analysis for the nomograms

We assessed the predictive ability of the nomogram in 4 different
histological sarcomas. The ROC curves in 8 subgroups showed
good discrimination, with all AUC>0.700 (Figure 6A-6D, 6I-6L).
In addition, in 8 subgroups, all survival curves suggested that
the prognosis of high-risk patients is significantly worse than
that of low-risk patients (all p<0.05) (Figure 6E-6H, 6M-6P).

Prognostic AS events correlation network of splicing
factors

The splicing-regulatory network between 0S-AS events and
SFs is shown in Figure 7A and the corresponding correlation
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coefficient is shown in Figure 7B. In addition, the network be-
tween DFS-AS events and SFs is shown in Figure 7C and the
corresponding correlation coefficient is shown in Figure 7D.
We found that 1 SF can regulate different AS events and even
cause different effects, and some AS events can be regulat-
ed by 2 SFs. For example, as a SF, MBNL1 can regulate 18 AS
events, including 12 positive regulations and 6 negative regu-
lations. Moreover, as a DFS-related AS event, TMEM189-59769-
AP can be regulated by MBNL1 and PTBP2. In addition, in the
present cohort, we also found that the majority of prognos-
tic AS events with poor prognosis were positively regulated
by SFs. In contrast, the majority of AS events with favorable
prognosis were negatively regulated by SFs.
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Table 1. Multivariate COX analysis of overall survival-related AS events.

Symbol AS type HR Lower.95 Upper.95 P value

CLTC ES 1.07E-07 5.61E-12 0.002039 0.001413
PSMGL  ES 0001137 226805 0057229 0000697
CINePSB YO 81747004 16300191 409969893 86708
CCTNNDT ES oooo118  285E07 0048717 0003252
CTAFIA AT 10073277430 ¢ 92247074 1099990.640000 0000118
TMEM1618 AT 0006279 0000411 0095853 0000266
ONMRALL RO 5839665 1239303 27516820 0025665
SRT3 B 274809 L1518 6539018 0073531
HSIBP3  ES 84208 20311 0000349 0000126
cebcor B a7asle 1195326 18860833 0026864
Cloofé0  ES 0001407 108606 1825446 0072588
AS - alternative splicing; ES — exon skip; Rl — retained intron; AT — alternate terminator; AA — alternate acceptor.
Table 2. Multivariate COX analysis of disease-free survival-related AS events.

Symbol AS type HR Lower.95 Upper.95 AT

SPIDR ES 0.000367 1.37E-06 0.09814 0.005537
MMPIO  ES 0003436 296E05 0398999 0019351
" 1855505 1876145 1835092 0012485
CBESTS AT 8490379 1244015 5794666 0029052
sico7ar ES 0015654 0001242 019736 0001304
CRAKL B 19905 48608 0008167 0000421
NP1 A 3224539 109384 9505643 003379
CPPRCI ES 4187191 7698737 227733 0003066

AS - alternative splicing; ES — exon skip; AP — alternate promoter; AT — alternate terminator.

Enrichment analysis of overlapping AS events

To explore the potential functions and pathways of prognostic
AS events, GO and KEGG analyses were performed. As shown
in Figure 8A, the GO analysis showed that the parent genes of
overlapping AS events were enriched in many tumor-related
features, such as mitochondrial matrix, NK-kappa B signaling,
DNA repair, and response to hypobaric hypoxia. In the KEGG
analysis, we also found many tumor-related pathways, such as
Toll-like receptor (TLR) signaling pathway, Pathways in cancer,
MAPK signaling pathway, p53 signaling pathway, Transcriptional
misregulation in cancer, and Basal cell carcinoma (Figure 8B).
Interestingly, some immune-related features were discovered,
including NK-kappa B signaling and the Toll-like receptor sig-
naling pathway, which suggests a significant association be-
tween AS events and immune functions.

AS-based clusters were significantly associated with
prognosis, tumor microenvironment score, and immune
cell proportion

Based on the overlapping prognostic AS events between OS-
related AS events and DFS-related AS events, 3 clusters of sam-
ples were identified: C1 (n=86, 44.1%), C2 (n=56, 28.7%), and
C3 (n=53, 27.2%) (Figure 9A-9C). The results of survival analysis
showed that clusters were significantly associated with different
survival patterns, including OS and DFS (Figure 9D, 9E). In addi-
tion, 131 patients (C1=64, C2=29, and C3=38, Supplementary
Table 1) with complete immune cell data were further studied
to assess the correlation between immune cell features and
the 3 clusters. Interestingly, the results showed that the 10/22
type of immune cells was significantly different between the
3 clusters (Figure 9F). Furthermore, the distinctions of tumor
microenvironment among the 3 clusters were also studied, and
the results showed that C2 was associated with lower immune
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Table 3. Univariate Cox analysis of clinicopathologic factors for sarcoma patients.

Overall survival Disease-free survival

Risk classification based on AS events

Low-risk 0.000 0.000
 Midrisk 4620 2345 9103 0000 3688 2175 6251 0000
o Highrisk 26918 12932 56027 0000 14003 7559 25943 0000
CAge
lowage oo 0075
. Mid-age 0989 0508 1925 0975 1094 0664 1802 0725
 Mighage 2371 1269 4430 0007 1659 1027 2679 0039
CSex(Female) 1080 0637 1830 0776 1214 0824 1787 0326

Dedifferentiated liposarcoma 0.350 0.194
 leiomyosarcoma 0617 0331 1153 0130 0665 0417 105 0086
© Undifferentiated pleomorphic sarcoma 0703 0315 1566 0388 0716 0396 1294 0268
~ other 0510 0213 1224 0132 0531 0277 1017 0056
 Disease multifocal indicator - 2628 1469 4700 0001 2119 1310 3427 0002
 Surgical margin resection status (rother)  2.638 1552 4484 0000 2216 1497 3280  0.000

Chest 0.943 0.668
© Gymecological 2460 0302 20038 0400 2259 0499 10215 0290
 Headandneck 0000 0000 2876E+250 0972  3.171 0443 22695 0251
© Lowerabdominalipelic 1086 0098 12012 0946 1637 0317 8463 0556
 Llowerextemity 1958 0260 14740 0514 1852 0442 7759 0399
© Retroperitoneum/upper abdominal 2220 0301 16388 0434 2130 0516 8789 029
 Superficialtrunk 1799 0163 19909 0632 0878 0123 6265 0897
© Upperextremity 1015 0063 16298 0992 3339 0671 16615  0.141

AS - alternative splicing; HR — hazard ratio.

Table 4. Multivariate Cox analysis of clinicopathologic factors for sarcoma patients.

Overall survival Disease-free survival

Risk classification based on AS events

Surgical margin resection status (rother) 1.665 1.114 2.489 0.013

AS - alternative splicing; HR — hazard ratio.
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Figure 4. The nomograms and corresponding results showed the prognostic value of AS events and clinicopathologic data.
(A) Nomogram for predicting OS in the SARC cohort. (B) Time-dependent ROC curves for 3- (red), 5- (green), and 7- (blue)
year OS. (€) Calibration plot of the AS-clinicopathologic nomogram in terms of the agreement between nomogram-
predicted and observed 3- (red), 5- (green), and 7- (blue) year OS in the SARC cohort. (D) Decision curve analysis of the
AS-clinicopathologic nomogram for 3- (red), 5- (green), and 7- (blue) year risk in the SARC cohort. AS — alternative splicing;
0S - overall survival; SARC — sarcoma; ROC — receiver operating characteristic.
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Figure 5. The nomograms and corresponding results showed the prognostic value of AS events and clinicopathologic data.
(A) Nomogram for predicting DFS in the SARC cohort. (B) Time-dependent ROC curves for 3- (red), 5- (green), and 7- (blue)
year DFS. (C) Calibration plot of the AS-clinicopathologic nomogram in terms of the agreement between nomogram-
predicted and observed 3- (red), 5- (green), and 7- (blue) year DFS in the SARC cohort. (D) Decision curve analysis of the
AS-clinicopathologic nomogram for 3- (red), 5- (green), and 7- (blue) year risk in the SARC cohort. AS — alternative splicing;
DFS - disease-free survival; SARC — sarcoma; ROC — receiver operating characteristic.
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Figure 6. ROC curves and survival curves in 8 subgroups. ROC curves of OS nomogram in LMS (A), DLP (B), UPS (C), and MFS (D).
Survival curves of OS in LMS (E), DLP (F), UPS (G), and MFS (H). ROC curves of DFS nomogram in LMS (1), DLP (J), UPS (K), and
MFS (L). Survival curves of DFS in LMS (M), DLP (N), UPS (0), and MFS (P). LMS — leiomyosarcoma; DLP — dedifferentiated
liposarcoma; UPS — undifferentiated pleomorphic sarcoma; MFS — myxofibrosarcoma; ROC — receiver operating characteristic;
0OS - overall survival; DFS — disease-free survival.
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Figure 7. Correlation network between 0S-AS events (A, B) and DFS-AS events (C, D) and SFs in SARC. The majority of prognostic AS

events with poor prognosis (green dots) were positively (red lines) correlated with the expression of SFs (blue dots), while
the majority of AS events with good prognosis (red dots) were negatively (green lines) correlated with the expression of SFs.
AS - alternative splicing; OS — overall survival; DFS — disease-free survival; SF — splicing factor; SARC — sarcoma.
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Figure 8. Enrichment of parent genes from overlapping prognostic AS events in SARC. (A) GO analysis of parent genes from
overlapping AS events. (B) KEGG pathway analysis of parent genes from overlapping AS events. AS — alternative splicing;
SARC - sarcoma; GO — Gene Ontology; OS — overall survival; DFS — disease-free survival; KEGG — Kyoto Encyclopedia of Genes

and Genomes.

scores (Figure 9G), stromal scores (Figure 9H), and estimate
scores (Figure 91) compared with C1 and C3.

Discussion

In recent years, with the development of high-throughput se-
quencing techniques and computer technology for bioinforma-
tion, more and more research has focused on the profiling of
AS events for tumors. However, the significance of AS events
in sarcoma remains unclear, especially in tumor recurrence. In
our study, several prognostic AS events were identified, and
the predictive models based on the AS event and clinicopath-
ologic data showed excellent performance. To the best of our
knowledge, this is the first published study to determine the

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

relationship between AS events and immune cell infiltration
and tumor microenvironment, and our results may increase
understanding of the role of AS events in tumors.

Our research focused on the prognostic significance of AS
events in sarcoma patients. Although the prognostic abil-
ity of AS events have been widely confirmed in other can-
cers [14,19-23,34-36], the association of AS events in sar-
coma patients remains unclear. In our study, 1945 AS events
were determined as OS-related AS events and 1831 AS events
were determined as DFS-related AS events. To further inves-
tigate the predictive ability of AS events in sarcoma patients,
2 nomograms were developed based on the independent
prognostic AS events and clinicopathologic data, which could
serve as a useful tool for management of sarcoma patients.
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Figure 9. AS-based clusters significantly associated with prognosis, immune microenvironment scores, and immune cells.
(A-C) Unsupervised clustering analysis based on the overlapping prognostic AS events identified 3 clusters. (D) Kaplan-
Meier survival curve showing the OS probability over time for 3 clusters. (E) Kaplan-Meier survival curve showing the
DFS probability over time for 3 clusters. (F) Heat map showing the distribution of 22 immune cells between 3 clusters.
(G-1) The immune score, stromal score, and estimate score between AS-based clusters. AS — alternative splicing;
0S - overall survival; DFS — disease-free survival.
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X-tile software was used to stratify the sarcoma patients into
3 subgroups according to the optimal cutoff risk scores. Most
previous studies have used a common cutoff value to divide
patients into high- and low-risk groups, without considering
survival data. As a new bioinformatics tool, X-tile can identi-
fy the optimal cutoff of tumor biomarker expression and has
been validated in many previous studies [27]. In addition, many
predictive models for sarcoma patients have been constructed
based on clinicopathologic data, IncRNA, plasmacytoma vari-
ant translocation 1, and other predictors [3-5], but the dis-
criminative ability of the previous models was low, with AUC
or C-statistic less than 0.800 [3-5,37]. In the present study,
the time-dependent AUC at 3, 5, and 7 years of the 2 nomo-
grams were higher than 0.800, which means that both nomo-
grams have good discrimination in predicting the outcome of
sarcoma patients [37].

In the present study, enrichment analysis of overlapping genes
indicated that many pathways are involved in tumor progres-
sion. Interestingly, both in the GO and KEGG analysis, several
pathways were found to play an important role in tumor pro-
gression. For example, the MAPK signaling pathway has been
confirmed was involved in some tumors [38-40]. More im-
portantly, some immune-related pathways have been discov-
ered. For instance, TLRs are key proteins in innate immunity,
stimulation of which generates a series of antitumor effects
through intermediary immune cells [41]. Dendritic cells (DCs),
a kind of immune cell, express all TLRs and exert effects on T
and B lymphocytes to connect innate and adaptive immune
responses [42]. DCs also play important roles in tumorigene-
sis, progression, and immunotherapy [43-45]. NF-xB was firstly
found by Ranjan Sen and David Baltimore in 1986 in the con-
text of the expression of a gene encoding immunoglobulin-j
light chain in B lymphocytes [46], which can regulate the tran-
scription of genes to promote immune cell development [47].
Hence, it is possible that NF-kB can generate immune respons-
es in the development of sarcoma.

Our study is also the first to report that the AS clusters present-
ed distinct immune features in sarcoma. Recently, Li et al. [48]
reported an association between AS events and immune

DATABASE ANALYSIS

features in head and neck squamous cell carcinoma. Hence, we
studied the association between clusters based on the over-
lapping prognostic AS events and clinical data, tumor micro-
environment, and immune cell fractions. To the best of our
knowledge, the present study is the first to perform a compre-
hensive analysis of an AS-based cluster of sarcoma patients.
As in the study by Li et al., tumor microenvironment scores
were significantly different between clusters [48]. More im-
portantly, among the 22 types of immune cells, 10 of them
were determined to be different in the 3 AS clusters. Based
on the novel phenomenon presented in the present research
and previous studies, we hypothesized that the interactions
between the immune response and AS events play an impor-
tant role in regulating tumor progression [48-51]. However,
further research is needed to better understand their corre-
lations. Generally, these findings enrich our knowledge of the
molecular classification of sarcoma and provide a large num-
ber of biomarker candidates and potential targets for the treat-
ment of sarcoma patients.

We established and evaluated 2 predictive models based on AS
events and clinicopathologic data. Although the nomograms
had good predictive ability, the present study had some limi-
tations. For instance, the predictive signature was developed
based on a public database without external validation or ex-
perimental validation. In addition, this study was bioinfor-
matics research based on the TCGA database, and further re-
search is needed to explore the mechanism of the effects of
AS events in the prognosis of sarcoma.

Conclusions

The present study showed the prognostic value of AS events
in sarcoma patients. The cluster for sarcoma patients based
on AS events was established and revealed the intrinsic rele-
vance of molecular alterations and immune features.
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Supplementary Figure 1. X-tile was used to determine the optimal cutoff value of the risk score and age in sarcoma patients.
(A) The X-tile to identify the optimal cutoff value of risk score of OS. (B) The X-tile to identify the optimal cutoff
value of the age of OS. (C) The X-tile to identify the optimal cutoff value of the risk score of DFS. (D) The X-tile
to determine the optimal cutoff value of the age of DFS. OS — overall survival; DFS — disease-free survival.
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Supplementary Figure 2. Establishment of the prognostic model for OS (A, C, E) and DFS (B, D, F) based on independent AS events.
(A, B) Risk curve of each sample reordered by risk score. (C, D) Scatter plot showing the survival status
of sarcoma patients. (E, F) Heat map of the expression level of 9 independent OS-AS events (E) and DFS-
AS events (F) filtered by multivariate Cox regression. OS — overall survival; DFS — disease-free survival;

AS - alternative splicing.
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