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Abstract
Background: Increasing evidences have shown that abnormal alternative splicing (AS) events are closely related to the prognosis

of various tumors. However, the role of AS in ovarian cancer (OV) is poorly understood. This study aims to explore the cor-

relation between AS and the prognosis of OV and establish a prognostic model for OV. Methods: We downloaded the

RNA-seq data of OV from The Cancer Genome Atlas databases and assessed cancer-specific AS through the SpliceSeq software.

Then systemically investigated the overall survival (OS)-related AS and splicing factors (SFs) by bioinformatics analysis. The nomo-

gram was established based on the clinical information, and the clinical practicability of the nomogram was verified through the

calibration curve. Finally, a splicing correlation network was constructed to reveal the relationship between OS-related AS and

SFs. Results: A total of 48,049 AS events were detected from 10,582 genes, of which 1523 were significantly associated with OS.

The area under the curve of the final prediction model was 0.785, 0.681, and 0.781 in 1, 3, and 5 years, respectively. Moreover,

the nomogram showed high calibration and discrimination in OV patients. Spearman correlation analysis was used to determine 8

SFs significantly related to survival, including major facilitator superfamily domain containing 11, synaptotagmin binding cytoplas-

mic RNA interacting protein, DEAH-box helicase 35, CWC15, integrator complex subunit 1, LUC7 like 2, cell cycle and apo-

ptosis regulator 1, and heterogeneous nuclear ribonucleoprotein A2/B1. Conclusion: This study provides a prognostic

model related to AS in OV, and constructs an AS-clinicopathological nomogram, which provides the possibility to predict the

long-term prognosis of OV patients. We have explored the wealth of RNA splicing networks and regulation patterns related

to the prognosis of OV, which provides a large number of biomarkers and potential targets for the treatment of OV. Put forward

the potential possibility of interfering with the AS of OV in the comprehensive treatment of OV.
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Introduction

Ovarian cancer (OV) is the most lethal malignancy of gyneco-
logical malignant tumors and is still one of the leading causes of
cancer-related deaths in women worldwide. Up to 70% of
patient deaths are due to the advanced stage. At present, the
standard treatment for OV is surgery followed by a combination
of chemotherapy.1 However, 70% of OV patients eventually
developed resistance to chemotherapy and recurrence with
severe distant metastasis.2 This suggests that the poor prognosis
of OV is still a challenge that needs to be solved urgently. Some
scholars have proposed, global splicing inhibition using small
molecules blocking the spliceosome or SF-modifying
enzymes to block the proliferation of cancer cells.3 To
improve the prognosis of OV and increase the survival rate of
OV patients, we urgently need a robust method that can
predict the prognosis of patients with OV in advance.

Alternative splicing (AS) widely exists in eukaryotic cells
and plays an important role in the posttranscriptional regulation
mechanism, which can regulate gene expression and increase
protein diversity,4 in normal physiological processes, some
researchers have confirmed that most human genes have under-
gone the regulation of AS,5 and regulate the binding between
the protein and other cell components, such as nucleic acid
and cell membrane.6 Abnormal AS mutations affect the
protein domain family and promote the occurrence, develop-
ment, and invasion of tumors by disrupting protein interactions
in cancer-related pathways.7 More and more evidence has
shown that abnormal AS is the basis of cancer.3 However, the
role of AS in OV remains unclear.

A splicing factor (SF) is a regulatory element of AS and
plays an important role in the occurrence and development of
tumors.8 RNA sequencing revealed the changes of relevant
AS events caused by SFs mutations.9 SFs and AS events
jointly establish a monitoring system network, and the coordi-
nated SFs–AS network can regulate the growth and develop-
ment of tissues and organs. And the dysregulation network is
associated with the occurrence and development of cancer,10

incorrectly expressed SFs may lead to abnormal mutations of
AS in cancer, which in turn produces specific protein
subtypes.11

Although many studies have suggested that abnormal AS
events play an important role in the occurrence and develop-
ment of OV,12 there is still a lack of analysis of the complete
survival status and systemic regulatory network of OV. We col-
lected data from The Cancer Genome Atlas (TCGA) database
for OV to assess the correlation between AS events and
overall survival (OS) of OV, established a stable prognostic
model, and performed network analysis on SFs–AS. We also

attempted to construct prognostic nomograms of OV based
on AS events. The findings of this study will help reveal the
underlying mechanism of OV and provide a basis for improving
the prognosis of OV patients.

Materials and Methods

Collect AS Events From the TCGA Database
The RNA-seq data and clinical information of OV patients were
collected from the TCGA database (https://cancergenome.nih.
gov/). Information of 7 types of AS events was collected
from the TCGA SpliceSeq database (https://bioinformatics.
mdanderson.org/TCGASpliceSeq/).13 The percent spliced-in
(PSI) value defines the profile of AS events, and the range of
PSI is 0 to 1. To generate a set of AS events that are as reliable
as possible, we implemented strict filtering conditions, that is, to
filter out samples with a PSI value >75. Each AS event was rep-
resented by a combination of gene symbol, splicing type, and
splicing ID number. We only included patients who survived
more than 90 days and excluded patients whose death were
not due to the tumor itself but other factors (such as surgical
complications), finally, 384 patients were included in our
study cohort.

Identify Survival-Related AS Events
For various types of AS events, OV patients were divided into 2
groups according to the median of the PSI value. Univariate
Cox regression analysis was used to detect 7 types of survival-
related AS events, and then an upset chart was drawn. Finally,
the top 20 most significant AS events among the 7 types of AS
events were displayed in the form of bubble charts.

Use AS Events to Build Predictive Models for OV Patients
To avoid overfitting the model, we performed the least absolute
shrinkage and selection operator (LASSO) regression.14 Then,
to determine the penalty parameter lambda, we used the
“glmnet” package for cross-validation. To determine the poten-
tial survival-related AS events, the optimal lambda value corre-
sponding to the minimum value of the average cross-validation
error was determined. Finally, the prediction model was gener-
ated based on multiple Cox regression analyses.

Then the risk score of each predictive model was calculated
based on the sum of the product of the PSI value of the identi-
fied AS events and the corresponding coefficient generated
from the Cox model. According to the median risk assessment,
OV patients were divided into high-risk and low-risk groups.
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The Kaplan–Meier survival analysis on the 7 AS events predic-
tion models and the final prediction model were performed. Then
we drew the receiver operating characteristic (ROC) curve for 1,
3, and 5 years, and used the area under the curve (AUC) value to
determine the accuracy of each prediction model.

Establishment of Clinical Nomogram
To more effectively predict the individual survival probability
and prognosis of OV, we performed univariate and multivariate
Cox regression analysis on the collected clinical information
and risk scores of OV patients and generated a predictive nomo-
gram for the prognosis of patients with OV. Then we used the
calibration curves to test the consistency between the predicted
results and the actual results and evaluated the value of the
nomogram in predicting the prognosis of OV.

Construction of SFs–AS Regulation Network
We obtained the SFs from the SpliceAid2 database (http://www.
introni.it/splicing.html). Univariate Cox regression analysis was
performed to search OS-related SFs, and Kaplan–Meier survival
analysis was used for deeper verification. To explore the relation-
ship between the PSI value of AS events and the expression of SFs
that correlate with OS, Spearman correlation analysis was used,
and a network was established using Cytoscape (version 3.5.1).
Finally, the Human Protein Atlas database was used to validate
the protein expression level of SFs with high correlation.

Statistical Analysis
All statistical analysis uses R software 3.5.0, P-value <0.05 is
considered statistically significant.

Results

Overview of AS Events in the TCGA–OV Cohort
AS events can be divided into the following 7 types, including
Exon Skip (ES), Alternate Promoter (AP), Alternate

Terminator (AT), Alternate Donor site (AD), Alternate
Acceptor site (AA), Mutually Exclusive exons (ME), and
Retained Intron (RI). We obtained basic information of AS
events in 384 OV patients from the TCGA SpliceSeq database.
A total of 48,049 AS events were detected from 10,582 genes,
of which 4006 AAs were detected from 2777 genes, and 3497
ADs were detected from 2389 genes, 9689 APs were detected
from 3901 genes, 8453 ATs were detected from 3691 genes,
19,251 ESs were detected from 6931 genes, 207 MEs were
detected from 201 genes, 2946 RIs were detected from 1951
genes (Table 1). Among them, ESs accounted for about
40%, which suggested that ES was the main type of AS
event in OV patients. In addition, AS events in OV samples
showed that a single gene had multiple types of AS events
(Figure 1A).

The OS-Related AS Events of OV
To screen out AS events related to OS in OV, we used univar-
iate Cox analysis, the results showed that there were 1523 AS
events in 1171 genes related to OS, of which 119 AA events
in 115 genes, 117 AD events in 115 genes, 275 AP events in
196 genes, and 201 AT events in 136 genes, 711 ES events
in 586 genes, 8 ME events in 8 genes, and 92 RI events in 89
genes (Table 1). A volcano plot was provided to show the AS
events related to OS (Figure 1C). It can be seen from the
UpSet plot that a single gene may have up to 7 types of AS
events related to OS (Figure 1B).

In addition, we used bubble plots to show the top 20 most
significant OS-related AS events (if available) (Figure 2). It is
not difficult to see from the results that a large part of AS
events in RI, ES, AA, and AD were prognostic factors with a
good tendency. In addition, a gene can handle AS events that
have a clear opposite effect on survival, and if they are restricted
to the transcriptome level, they cannot be detected.

Construct a Prognostic Prediction Model for OV Patients
For each type of AS events, the hazards ratios (HRs) of the
most significant AS events (if available) were selected and
constructed a predictive model based on the AS events.
Then 16 AAs, 14 ADs, 13 APs, 11 ATs, 11 ESs, 7 MEs,
and 9 RIs, all 7 AS events related to OS were selected
(Table 2) and constructed a predictive model based on the
AS events. We calculated the risk score based on the selected
AS events, set the median risk score, and divided OV patients
into 2 groups based on the risk score, patients below the
median risk score were classified into the low-risk group and
vice versa. We set up 7 predictive models based on the risk
score curves and displayed the survival status distribution of
low-risk and high-risk groups in the heat maps (Figure 3).
To explore whether there were differences in the survival
rate between the high-risk group and the low-risk group,
Kaplan–Meier survival analyses were performed
(Figure 4D–J), the results showed that the survival rate of
OV patients in the high-risk groups was significantly lower

Table 1. Overview of Total AS Events and OS-Related AS Events.

Type

Total AS events OS-related AS events

AS events Genes AS events Genes

AA 4006 2777 119 115
AD 3497 2389 117 115
AP 9689 3901 275 196
AT 8453 3691 201 136
ES 19251 6931 711 586
ME 207 201 8 8
RI 2946 1951 92 89
All 48049 10582 1523 1171

Abbreviations: AA, acceptor site; AD, alternate donor site; AP, alternate
promoter; AS, alternative splicing; AT, alternate terminator; ES, exon skip; OS,
overall survival; RI, retained intron; ME, mutually exclusive exon.
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Figure 1. UpSet plot of AS events in OV. (A) The number of ES, AP, AT, AD, AA, ME, and RI in OV patients. (B) The number of 7 types of AS
events related to prognosis in OV patients. (C) Volcano plot of AS events related to prognosis (red dots), no significant AS events (blue dots).
Abbreviations: AS, alternative splicing; OV, ovarian cancer; ES, exon skip; AP, alternate promoter; AT, alternate terminator; AD, alternate donor site; AA, acceptor
site; ME, mutually exclusive exon; RI, retained intron.
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Figure 2. Bubble plots of 7 types of prognostic-related AS events. (A-F) The top 20 AS events with the highest prognostic correlation among
AA, AD, AP, AT, ES, and RI. (G) Eight AS events related to prognosis in ME.
Abbreviations: AA, acceptor site; AD, alternate donor site; AP, alternate promoter; AT, alternate terminator; ES, exon skip; RI, retained intron; ME, mutually
exclusive exon.
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Table 2. Information of AS Events Used for Construction of Prediction Model

Type Id Coef HR HR.95L HR.95H P-value

AA TSEN54|43456|AA −34.65 8.99× 10−16 1.13× 10−21 7.18× 10−10 5.84× 10−7

SCPEP1|42602|AA −3.62 0.0267 0.0027 0.264 .001956801
ZDHHC6|13114|AA −5.97 0.00255 7.68× 10−5 0.085 .000841742
DEF8|38185|AA −10.8 2.03× 10−5 2.87× 10−8 0.0144 .001250737
INPP5K|38319|AA −3.14 0.0434 0.0053 0.356 .003488113
FCGR3A|8675|AA −2.56 0.077 0.0117 0.508 .007743499
ABLIM3|74020|AA −3.78 0.0228 0.000443 1.176 .060112605
SIDT2|18890|AA −5.28 0.00509 2.66× 10−5 0.976 .048940402
NCAPH2|62842|AA 3.97 53.2 0.781 3623.09 .065000917
PRKCSH|47709|AA −5.11 0.00603 0.0005 0.0727 5.73× 10−5

DPP3|17040|AA −2.65 0.0704 0.00493 1 .050308256
CHD6|59425|AA −15.15 2.63× 10−7 2.21× 10−11 0.00312 .001551075
ACIN1|26704|AA 5.55 256.9 7.67 8600.61 .001951511
MUTYH|2671|AA 3.27 26.37 4.22 165 .000468794
EEF1B2|57137|AA −1.20 0.3 0.0878 1.028 .05541612
CCDC93|55091|AA −9.00 0.000124 1.49× 10−6 0.0103 6.57× 10−5

AD ATRIP|64664|AD −4.59 0.0101 0.000761 0.135 .000513397
INTS7|9723|AD −5.61 0.00367 0.000444 0.0303 1.89909× 10−7

PLRG1|70898|AD 8.39 4418.17 0.396 49306417.57 .077546266
PNMAL1|50560|AD −3.21 0.0402 0.00916 0.177 2.10683× 10−5

NME6|64595|AD −1.46 0.232 0.0747 0.723 .011705224
PSRC1|4007|AD −1.91 0.148 0.0535 0.41 .000239824
HYOU1|19090|AD −1.33 0.264 0.053 1.315 .104073558
PABPC4|1896|AD −2.49 0.083 0.0133 0.516 .007622437
PLD3|114259|AD 2.99 20.04 2.764 145.253 .003018019
PBX4|48661|AD −1.77 0.171 0.0502 0.58 .004611542
IL17RC|63261|AD 2.62 13.73 3.985 47.305 3.31833× 10−5

C19orf25|46506|AD −1.79 0.167 0.0187 1.496 .109673555
MTO1|76754|AD −1.47 0.231 0.0385 1.382 .108260102
FAM73B|87818|AD −1.43 0.24 0.101 0.572 .001271861

AP C19orf66|47447|AP −5.23 0.00538 0.000679 0.0427 7.57797× 10−7

FLT3LG|50941|AP −1.88 0.153 0.0402 0.581 .005829405
PIGV|1299|AP 1.4 4.05 1.531 10.714 .004827454
CYTIP|55643|AP −9.12 0.000109 4.196× 10−7 0.0286 .001316224
HS2ST1|3689|AP −12.84 2.67× 10−6 3.50× 10−8 0.00203 .000150034
SMC6|52731|AP −4.57 0.0103 0.0000793 1.345 .065649937
ZNF630|88950|AP 2.33 10.269 1.7566 60.042 .009734321
LEF1|70287|AP −3.78 0.0227 0.000891 0.58 .022026696
RFTN1|63647|AP −12.57 3.46× 10−6 1.86× 10−8 0.00643 .001059918
FTO|36427|AP −10.01 0.0000448 3.31× 10−8 0.0606 .006493959
HK2|54143|AP −4.64 0.00968 0.000182 0.515 .022188718
RSRC1|67420|AP −4.33 0.0131 0.0013 0.132 .000236378
CAPN1|16802|AP 1.44 4.224 0.586 30.43 .152643133

AT LIMCH1|69114|AT −13.48 1.40× 10−6 1.26× 10−9 0.00155 .000164089
DDX19B|37347|AT 11.38 86718.22 40.94 183684420.7 .003614395
KCNIP1|74491|AT −5.08 0.00619 0.00032 0.12 .000776074
ZNF98|48807|AT 0.83 2.301 1.171 4.52 .015618209
ZFP64|59811|AT 3.66 39.027 2.749 554.046 .006788653
CEP68|53777|AT 5.08 161.31 3.132 8308.248 .011483088
SMIM7|48185|AT 2.01 7.437 1.466 37.727 .015444174
ZNF530|52303|AT 1.03 2.813 1.183 6.691 .019294347
CFP|88933|AT −0.7 0.498 0.331 0.751 .000858486
SOX15|39009|AT 0.96 2.619 1.204 5.699 .015219809
ERRFI1|531|AT −14.52 4.93× 10−7 4.58× 10−11 0.00529 .002164215

ES C17orf80|43223|ES −4.06 0.0172 0.00396 0.0746 5.77922× 10−5

MYB|77867|ES −33.85 1.98× 10−15 6.11× 10−21 6.44× 10−10 1.70709× 10−5

AGO2|85285|ES −9.58 0.0000688 4.98× 10−7 0.0095 .000137973
CCT7|53965|ES −2.44 0.087 0.0257 0.295 8.73533× 10−5

(continued)
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than that in the low-risk groups. It showed that the 7 prediction
models could effectively predict the prognosis of low-risk and
high-risk OV patients. According to the results of ROC curves
of every single type of AS event in 1, 3, and 5 years, it turned
out that these 7 prognostic models had great predictive effi-
ciency (Figure 4A-C).

To construct the final predictive model, 12 AS events
related to OS were finally selected using LASSO regression
(Figure 5A and B). The risk score curve of the final prediction
model, the distribution of survival status of high-risk and
low-risk groups, and the heat map of the PSI value of AS
events were showed (Figure 5D–F). We used the Kaplan–
Meier survival analysis to detect the prediction results of
the model, the final prediction model could effectively distin-
guish the prognosis results of OV patients between low-risk
and high-risk groups (Figure 5C). According to the results
of the ROC curves, the final prediction model showed

strong prediction efficiency, with the maximum AUC in 1,
3, and 5 years being 0.785, 0.681, and 0.781, respectively
(Figure 5G-I).

Construction of AS-Clinicopathologic Nomogram
We evaluated the risk score (all), age, and grade using uni-
variate and multivariate Cox regression analysis to determine
the prognostic value of OV. The results of univariate Cox
regression analysis (P<0.001) and multiple Cox regression
analysis (P<0.001) (Figure 6A and B) indicated that the
risk score (all) was an independent risk factor for predicting
the prognosis of OV patients. The nomogram was con-
structed on the basis of risk score (all), age, and grade
using multivariate Cox regression analysis to predict survival
and prognosis of OV patients at 1, 3, and 5 years directly
(Figure 6C). The results of the calibration curve (Figure 6D-F)

Table 2. (continued)

Type Id Coef HR HR.95L HR.95H P-value

TMEM55A|84423|ES −4.31 0.0134 0.00157 0.115 8.26806× 10−5

SLC37A3|81990|ES −10.85 0.0000194 2.38× 10−8 0.0159 .00152398
MAPKAP1|87581|ES −17.10 3.74× 10−8 4.30× 10−12 0.000326 .000220058
FAM57A|38254|ES −3.52 0.0295 0.00436 0.199 .000302154
OFD1|88522|ES 2.87 17.723 4.56 68.884 3.31806× 10−5

NR2C2|63538|ES 2.08 7.991 2.684 23.791 .000188967
BTAF1|12524|ES 1.53 4.605 0.934 22.701 .060635638

ME ATE1|91855|ME 1.53 4.631 1.617 13.263 .004307715
FGFR1|83420|ME −12.21 5.00× 10−6 1.43× 10−10 0.175 .022215226
CLN3|35718|ME 2.88 17.752 1.853 170.060 .01259676
ZFAND6|32173|ME −7.16 0.000776 0.0000114 0.0528 .00087917
THNSL2|54469|ME −1.63 0.195 0.0339 1.125 .067480213
DRAM2|4133|ME 7.01 1109.5 0.559 2204018.37 .070352141
MTHFSD|102413|ME −1.70 0.182 0.0247 1.34 .094387682

RI SERF1B|72406|RI −9.98 0.0000464 8.21× 10−9 0.263 .023613219
OGG1|63164|RI −1.23 0.293 0.0855 1.003 .050639314
WBP2NL|62484|RI −0.92 0.398 0.139 1.136 .085125839
ROMO1|59223|RI −3.19 0.0413 0.00251 0.682 .025884513
SMIM7|48188|RI −5.72 0.00327 0.000026 0.411 .020311408
RPL10|90572|RI −0.69 0.499 0.208 1.199 .120351008
STX16|59988|RI −6.02 0.00243 0.00000555 1.065 .052404028
TMSB4X|88496|RI 8.28 3936.173 13.841 1119408.398 .004086336
TTC14|67729|RI 1.53 4.627 0.948 22.599 .058314362

All C17orf80|43223|ES −3.17 0.0419 0.00629 0.28 .001055862
TSEN54|43456|AA −29.68 1.29× 10−13 1.43× 10−20 0.00000116 .000280645
MYB|77867|ES −23.87 4.31× 10−11 4.76× 10−17 0.000039 .000648182
C19orf66|47447|AP −2.78 0.0619 0.00462 0.829 .035556265
ATRIP|64664|AD −5.39 0.00456 0.000357 0.0582 .0000336
AGO2|85285|ES −11.32 0.0000122 0.00000007 0.00211 .000017
FLT3LG|50941|AP −2.09 0.123 0.0323 0.469 .0021431
PIGV|1299|AP 1.28 3.582 1.415 9.067 .007097646
CCT7|53965|ES −2.64 0.071 0.0187 0.27 .000104182
CYTIP|55643|AP −10.89 0.0000186 1.07× 10−7 0.00321 .0000343
RSRC1|67425|ES -4.36 0.0128 0.00133 0.124 .000163931
ZDHHC6|13114|AA -5.72 0.00326 0.000121 0.0878 .000654625

Abbreviations: AA, acceptor site; AD, alternate donor site; AP, alternate promoter; AS, alternative splicing; AT, alternate terminator; ES, exon skip; HR, hazard
ratio; RI, retained intron; ME, mutually exclusive exon.
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Figure 3. Analysis of a predictive model of OV patients. (A-G) Set the median risk score. OV patients below the median risk score belong to the
low-risk group, and OV patients above the median risk score belong to the high-risk group. The upper part of each set shows the risk score curve
of 7 types of AS events, the middle part shows the survival status of OV patients, and the bottom part shows the calorie map of 7 types of AS
events.
Abbreviations: OV, ovarian cancer; AS, alternative splicing.
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showed that 1, 3, and 5 years prediction results of the con-
structed nomogram were in good agreement with the actual
observation. It indicated that the nomogram was of great sig-
nificance for the survival and prognosis prediction of OV
patients.

The Regulation Network of SFs and Prognostic-Related
AS Events
SF is a protein factor involved in the splicing process of RNA
precursors. Abnormal expression of SFs can lead to the

Figure 4. The ROC prediction model curve and Kaplan–Meier prediction model for OV patients. (A-C) The prediction models were constructed
by 7 types of AS events for 1, 3, and 5 years ROC curves. (D-J) Seven types of AS event prediction models Kaplan–Meier curve.
Abbreviations: OV, ovarian cancer; AS, alternative splicing; ROC, receiver operating characteristic.
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Figure 5. Establishment and assessment of the final prediction model. (A) The LASSO regression coefficient of AS events correlated with OS.
(B) Select the best parameter in the model, and mark the vertical dashed line at the best value. (C) Kaplan–Meier curve of the final prediction
model. (D) The final prediction model risk score curve. (E) Survival status of OV patients. (F) Final prediction model AS event heating value map.
(G-I) One, 3, and 5 years ROC curve of the final prediction model.
Abbreviations: LASSO, least absolute shrinkage and selection operator; AS, alternate splicing; OS, overall survival; OV, ovarian cancer; ROC, receiver operating
characteristic.
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change of AS of genes and the formation of specific cancer-
promoting splicing isomers, thus leading to the occurrence of
cancer. We collected 71 SFs from the SpliceAid2 database
(http://www.introni.it/splicing.html) to explore the relation

between the survival interaction of genes and SFs. A total of
24 prognostic-related SFs of OV patients were obtained using
univariate Cox analysis (Figure 7A). To narrow the scope, 10
candidate SFs were obtained using Kaplan–Meier survival

Figure 6. A clinicopathological nomogram can predict the survival rate of OV patients. (A) Univariate Cox regression analysis of risk score (all),
age, and grade. (B) Multivariate Cox regression analysis of risk score (all), age, and grade. (C) Incorporate the age, grade, and risk score of OV
patients to establish a prognostic nomogram, predict the 1, 3, and 5 years survival rates of OV patients. (D-F) Calibration plot of the
AS-clinicopathologic nomogram.
Abbreviations: OV, ovarian cancer; AS, alternate splicing.
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analysis (Supplemental Figure 1). To explore the degree of cor-
relation between OS-related AS events and SFs, a spearman
correlation analysis was carried out and 8 SFs were obtained
which were most significantly related to AS events, including
major facilitator superfamily domain containing 11
(MFSD11), synaptotagmin binding cytoplasmic RNA interact-
ing protein (SYNCRIP), DEAH-box helicase 35 (DHX35),
CWC15, integrator complex subunit 1 (INTS1), LUC7 Like 2
(LUC7L2), cell cycle and apoptosis regulator 1 (CCAR1),
and heterogeneous nuclear ribonucleoprotein A2/B1
(HNRNPA2B1). The regulatory network consisted of 58 AS
events that were highly relevant to OS, of which 30 AS
events were favorable (red dots), and 28 AS events were unfa-
vorable (green dots) (Figure 7B). Finally, these SFs were veri-
fied the protein level using The Human Protein Atlas databases
(Supplemental Figure 2).

Discussion
OV is a gynecological malignant tumor with a high incidence
and high mortality rate,2 and the 5-year survival did not
exceed 45%.15 OV can develop from ovarian superficial epithe-
lium or serous tubal intraepithelial carcinoma (STIC), and it is
usually diagnosed at an advanced stage,16 accompanied by
symptoms such as extensive abdominal metastasis, abdominal
masses, massive abdominal effusion, weight loss, and anemia.
However, the mechanism of its occurrence and metastasis is
not very clear, the early diagnosis of OV and the discovery of
biomarkers for predicting survival are very important.17 With
the development of various gene sequencing technologies,
many potential prognostic and survival markers of OV have
been discovered, such as microRNA,18 circRNA,19 long non-
coding RNA (lncRNA),20,21 however, these studies were
limited to the transcription level, and there were few studies
on the posttranscriptional mechanism of the occurrence and
development of OV. In recent years, significant progress has
been made in the research on the role of AS events in the occur-
rence and development of malignant tumors, but a systematic
analysis of AS events in OV is still lacking, which means that
AS events have great potential in the research of OV.

AS is the RNA exons produced by the transcription of genes
or messenger RNA (mRNA) precursors that are reconnected by
RNA shearing in a variety of ways, which can translate mRNA
into different protein isoforms, thereby increasing protein diver-
sity.22 More and more evidence has shown that abnormal AS
plays a key role in the various processes of tumorigenesis.23

For example, the regulatory kinase cyclin-dependent kinase
12 (CDK12）has an evolutionary conservation effect, but
CDK12 regulates selective mRNA splicing and activates
DNA damage response activators ATM and DNAJB6 in OV,
affecting cell invasion and promoting tumorigenesis.24

Proto-oncogene (RON) is overexpressed in OV and has a spe-
cifically expressed AS subtype.25 These indicate that AS is of
great significance in the study of abnormal gene regulation to
promote the occurrence and development of OV.

In this study, we detected 48,049 AS events from 10,528
genes, suggesting that AS is a common procedure in OV, ES
was the main component of AS events, and 1523 AS events
were detected in 1171 genes related to OS. LASSO regression
was used to select the AS events with the highest correlation
with OS to construct the prediction model, in addition, to con-
struct prediction models for single AS events, we integrated 7
AS events to construct a final prediction model. The prediction
efficiency of the prediction model was significant (AUC=
0.785). PSI values were used to directly quantify the shear
change ratios of 7 AS events. In addition, combining AS
events with corresponding clinical parameters, risk score, age,
and grade were integrated to construct a nomogram, and con-
structed a clinical prediction nomogram to directly evaluate
the survival prognosis of an individual in 1, 3, and 5 years.
The calibration curve showed that the predicted results of the
model were consistent with the actual observations. This
means that the use of clinical nomograms will be a benefit to
clinical work.

The precise regulation of AS is achieved by the combination
of SFs and splicing elements of specific genes, thereby affecting
the selection of exons and splicing sites,26 abnormal expression
of SFs is likely to lead to differential expression of selective
shear processes,27 we performed Spearman correlation analysis
on the obtained SFs, and finally obtained 8 SFs that were most
significantly related to survival, including CCAR1, LUC7L2,
SYNCRIP, HNRNPA2B1, DHX35, CWC15, INTS1, and
MFSD11, and constructed the AS–SFs analysis network
based on these 8 SFs. CCAR1 is one of the components of
the Wnt/β-catenin signal transduction pathway, increased
expression of CCAR1 is related to the occurrence of gastric
cancer.28 CCAR1 can also bind to constitutive androstane
receptor (CAR) to enhance CAR-inducing activity, thereby
mediating the growth, migration, and invasion of liver
cancer29 and prostate cancer.30 LUC7L2 is located on chromo-
some 7 and is mainly involved in myelodysplastic syndrome
(MDS), LUC7L231,32 can be used as a target site for MDS
screening and treatment,33 and it is a highly conserved RNA
binding protein whose amino-terminal binds to mRNA,34

which regulates the microenvironment.35 SYNCRIP is a differ-
ential gene between normal leukemia and myeloid leukemia, its
deletion can increase the degree of apoptosis and differentia-
tion, and delay the occurrence of leukemia.36 HNRNPA2B1
is involved in coding neurodegeneration-related RNA binding
protein,37 and its ubiquitination is involved in the differential
expression of lncRNA in liver cancer cells, after being inhib-
ited, it can reduce the invasion and metastasis of liver
cancer.38 The study found that the occurrence of DHX35
variant ductal carcinoma of the pancreas is closely related.39

Similarly, abnormal mutations in CWC1540 and INTS141

cause changes in the splicing process, leading to abnormal post-
transcriptional regulation and tumor occurrence. Currently,
MFSD11 mutations have not been found to be related to
tumorigenesis.

AS is a highly controlled process that relies on cis-regulatory
elements and trans-regulatory factors.42 Vivo experiments have
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Figure 7. Correlation network regulated by SFs and OS-related AS events in OV. (A) Forest graph of AS events related to OS. Obtain 71 SFs
from the database, and use univariate Cox regression analysis to obtain 24 OS-related SFs. (B) Regulation network of SFs and OS-related AS
events. Green dots indicate OS-related SFs, red dots indicate favorable AS events, and green dots indicate unfavorable AS events. The red lines
indicate a positive correlation and the green lines indicate a negative correlation.
Abbreviations: SF, splicing factor; OS, overall survival; AS, alternate splicing; OV, ovarian cancer.
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confirmed that the regulation of specific AS site targets can
effectively inhibit the occurrence of tumors.43 In OV, AS
plays an important role in reversing platinum resistance.44

Therefore, we believe that using AS sites as potential targets
for the treatment of OV can effectively improve the survival
rate of OV patients.

Although our research shows the role of abnormal variants
of AS events in OV, it still has certain limitations. First of all,
our research data came from a public database with a small
sample size. Second, this is a bioinformatics study that has
not been verified by external functional tests. Due to the limita-
tions of public data, the clinical data we obtained are incom-
plete, which makes us deviate from the actual results when
constructing clinical prediction models. In short, we conducted
a systematic analysis of OV on the basis of AS events, con-
structed a prognostic survival model for OV patients, and
used the nomogram to predict the prognosis of individual
patients. We also established an AS–SFs network to reveal
SFs play a key role in the shear network. This is of great signifi-
cance for the prognosis of OV and drug target treatment.
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