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Abstract
Aim: A glioblastoma (GBM) prognostic model was developed with GBM -related alternative splicing (AS)
data and prognostic markers were identified.
Methods: AS data and clinical data of GBM patients were retrieved from The Cancer Genome Atlas
(TCGA) SpliceSeq database and TCGA database, respectively. The data from these two databases were
intersected to screen the prognosis-associated AS events, which was subsequently examined in
Univariate Cox regression models. To avoid model overfitting, LASSO regression analysis was conducted.
On the basis of these AS events, we established a prognostic model of GBM with the use of multivariate
Cox regression analysis. On the strength of this model, the patients were assigned into high-risk and lowrisk groups with a median risk score as the threshold. Kaplan-Meier survival, receiver operating
characteristic (ROC), and calibration curves were applied to evaluate the performance of this model.
Finally, combined with the risk model and clinicopathological characteristics, Cox regression analysis
was utilized to identify the independent prognostic markers of GBM, and a nomogram was constructed.
Results: The AS and clinical data of 169 GBM patients from the TCGA SpliceSeq and TCGA databases
were collected. Univariate Cox regression analysis identified 1000 prognosis-related AS events in GBM,
and then Lasso regression analysis identified 16 AS events. A GBM prognostic risk model was
constructed based on AS events of 7 genes (FAM86B1, ZNF302, C19orf57, RPL39L, CBLL1, RWDD1,

IGF2BP2). Through this model, we found lower overall survival (OS) rates of the high-risk population
versus the low-risk population (p < 0.05). ROC and calibration curve analyses demonstrated the good
ability of this model to predict the OS of GBM patients. Cox regression analysis suggested risk score as
an independent prognostic factor for GBM. We also found that IGF2BP2 is associated with patient
prognosis and have a strong relationship with immunotherapy response.
Conclusion: The prognostic model based on AS events can significantly distinguish the survival rate of
high-risk and low-risk GBM patients and IGF2BP2 were identified as a novel prognostic biomarker and
immunotherapeutic target.

Introduction
Glioblastoma (GBM) is the most frequent and aggressive malignancy in adults [1], accounting for 45% of
primary malignant brain tumors. Although great advancement has been made in the diagnosis and
multidisciplinary treatment of GBM, GBM is easy to relapse with difficulty in surgical resection, and the
patients have a poor prognosis with a median survival of 12 to 15 months [2, 3]. High mortality of GBM
forces us to identify preferable biomarkers for early diagnosis and prognostic prediction of GBM patients.
Alternative splicing (AS) refers to the processing of precursor mRNA to mature mRNA. There are seven
types of AS: alternate acceptor site (AA), alternate donor site (AD), alternate promoter (AP),
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alternate terminator (AT), exon jump (ES), exon mutual exclusion (ME), and intron retention (RI)(Fig.S1)[4].
Different splicing methods allow the production of multiple different mature mRNAs from the same gene,
finally generating different proteins [5]. AS is of great significance to the differentiation and development
of individuals and the specific regulation of cellular processes such as apoptosis and proliferation [6].
Studies have elucidated that AS often occurs in tumors and strongly correlates with the initiation and
progression of tumors. AS exerts effects on the protein gene families which are frequently mutated in
tumors to alter the protein-protein interactions in tumor-associated signaling pathways, suggesting that
AS may be a vital driver of tumorigenesis [7, 8].
However, the potential role of AS in the development of GBM is rarely reported. Therefore, we integrated
the data of all AS types of GBM from The Cancer Genome Atlas (TCGA) SpliceSeq database and the
clinical data from the TCGA database and probed into the role of AS in the prognosis of GBM by utilizing
a prognostic risk model.

Materials And Methods
1.1 Data collection
The AS data contained the name of the gene undergoing AS, the ID of the GBM patients in the TCGA
SpliceSeq database, the splicing code (the code of AS in TCGA SpliceSeq database), the type of splicing,
the location where the splicing occurred, and the Percent Spliced In (PSI) value. The GBM clinical data
included patient ID, survival time, survival status, age, and gender. In clinic, 40 GBM patients were
recruited from The First Affiliated Hospital of Zhengzhou University were tested by Quantitative Real-Time
PCR and Western blot to validate its usability. All patients gave written informed consent and ethical
permission was obtained from The First Affiliated Hospital of Zhengzhou University.
1.2 Screening of prognosis-related AS events
The percentages of AS events in GBM patients were supplemented using the Knn function in the R
language impute program package and then integrated with the patient's survival time and survival
status. Univariate Cox regression analysis was implemented for selecting prognosis-associated AS
events in GBM.
1.3 Construction of a prognostic model
To prevent overfitting and improve the accuracy of the model, Lasso regression analysis was adopted for
development of a prognostic model by screening prognosis-related AS events. The LASSO model
parameters were determined through the 10-fold crossvalidation and selected to yield the minimum mean
crossvalidated error. Subsequently, the obtained AS events were incorporated in the multivariate Cox
regression analysis for establishment of a prognostic risk model. Calculation formula: risk score = β1X1 +
β2X2 + · · · + βnXn, where β represents the regression coefficient of each AS in the model constructed by
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multivariate Cox regression analysis, and X represents the PSI value for AS events. The risk score of each
sample was calculated accordingto the above formula.
1.4 Examination of the prognostic model
To test the accuracy of this prognostic model of GBM patients, the survival and receiver operating
characteristic (ROC) curves were drawn based on the risk level. In addition, according to the patient risk
value, the heat maps of the survival status of GBM patients and survival-related AS events were plotted.
In addition, all patients were divided into two groups as lower and higher levels of risk score. Univariate
and multivariate Cox regression analyses were carried out for an in-depth exploration of whether the
prognostic model can serve as an independent prognostic factor.
1.5 Establishment and verification of prognostic nomograms
Based on the independent prognostic factors obtained above, a nomogram was constructed for
predicting the 1-, 2-, and 3-year OS of GBM patients. A calibration curve was plotted to evaluate the
consistency between the results predicted by the nomogram and the observation results so as to assess
its distinguishing ability. The closer the calibration curve is to 45°, the better the predictive ability of the
nomogram.
1.6 Correlation analysis of tumor microenvironment (TME) and immunity
The "ESTIMATE" method was utilized to compare the differences in TME between the high- and low-risk
individuals. Meanwhile, a single sample gene set enrichment analysis (ssGSEA) was performed to
compare the differences in immune-related cells and functions between the two groups. We also
performed comparison of immune checkpoint-related genes between the two groups.
1.7 Correlation analysis of differentially expressed genes (DEGs) with prognosis and immunity
Among the related genes in the risk model, DEGs were screened with the FDR < 0.05 and |log2FC| ≥ 1 as
the threshold, followed by correlation analyses of the DEGs with the prognosis and immunity. In addition,
DEGs expression was tested by Real-Time Quantitative PCR (qPCR) and WB (TargetGenes).
1.8 Quantitative Real-Time PCR
Total RNA was extracted from the target tissue samples and thoroughly ground in a mortar under liquid
nitrogen. To lyse the cells, 1 ml of Trizol reagent (Life Technology, Grand Island, NY, United States) was
added and the sample was incubated for 15 min at room temperature on a shaker. To assess the mRNA
expression level, the RevertAid First Strand cDNA Synthesis Kit (Thermo Scientific, Lithuania) was used to
synthesis the first-strand cDNA. Quantitative PCR was performed using Roche LightCycler® 480 RealTime PCR System with SYBR® Green qPCR mix 2.0 kit. The primers used in this study were obtained
from TsingKe biological technology (Nanjing, China), including IGF2BP2(forward 5'AGCTAAGCGGGCATCAGTTTG-3', reverse 5'-CCGCAGCGGGAAATCAATCT-3'), β-actin ( Forward: 5'Page 4/26

CATGTACGTTGCTATCCAGGC-3', Reverse: 5'-CTCCTTAATGTCACGCACGAT-3' ). The relative mRNA levels
were calculated by the 2-ΔΔCt method.
1.9 Western blot
Western blot was performed to determine the protein expression level. Samples were isolated and lysed in
RIPA buffer with protease inhibitors. Proteins (40 μg) were separated using SDS-PAGE with 10%
acrylamide gels. Western blot analysis was performed using antibodies against mouse monoclonal
antibody-anti-human IGF2BP2 from Cell Signaling Technology, and mouse monoclonal antibody-antihuman β-actin (sc-47778, Santa Cruz Biotechnology), follow ed by incubation with horseradish
peroxidase (HRP)-coupled mouse secondary antibody (1:10,000, NA93, GE Healthcare,). To confirm equal
protein loading, the blots were re-probed with a β-actin antibody, and analysis of the data was performed
using NIH ImageJ software.

Results
2.1 AS parental genes in GBM
The PSI values of AS events in GBM were obtained from the TCGA SpliceSeq database, corresponding to
the clinical data of 169 GBM patients in the TCGA database. The clinical data of 169 GBM patients in the
TCGA database were downloaded. A total of 1,000 AS events relevant to the prognosis of esophageal
cancer were obtained by univariate Cox regression analysis and the results indicated that one gene might
have several types of AS events (Fig.1a-b), and 16 AS events were obtained after screening by LASSO
regression analysis (Fig.1c-d). Subsequently, these 16 AS events were subjected to multivariate Cox
regression analysis, and finally, 7 parental genes with AS and their coefficient were obtained (Table.1).
2.2 Efficacy evaluation of the prognostic models
According to the formula mentioned in the method, the 169 GBM patients were assigned into high- and
low-risk groups with the median risk score as a cut-off value. Kaplan-Meier (KM) survival analysis was
conducted, and the results of which exhibited an appreciable better OS in the low-risk patients than in the
high-risk patients (Fig. 2a). The discrimination ability of the model was assessed by ROC analysis and its
AUC value. Discriminating ability of the model was good, as shown by the Fig. 2b (AUC at 1 year: 0.783,
AUC at 2 year: 0.891, AUC at 3 year: 0.910 ). With 1000 times of bootstrap resampling, the calibration
plot also showed good performance between the predictive model and actual probabilities (Fig. 2c). ROC
curves showed that model was better than other clinical features(Fig. 2d). As shown in the multivariate
Cox model of the risk score, corresponding AS gene expression heatmap, and the survival plots of
patients with GBM(Fig. 3), the survival time of patients was shortened with the augment of the risk score,
and the counts of deaths was markedly increased correspondingly. The aforementioned results
suggested that the prognostic model has a good ability to distinguish high-risk population from low-risk
one.
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2.3 Independent prognostic factors of GBM
Independent prognostic factors of GBM are shown in Fig. 4. Firstly, age, riskscore were found to be
associated with the prognosis of GBM through the univariate Cox regression analysis(Fig. 4a). We further
performed the multivariate Cox regression hazard analysis to determine the relationship between the
riskscore and OS. Of interest, we found that age, riskscore were independently associated with GBM’
OS(Fig. 4b). These results indicate that riskscore model is an independent prognostic risk indicator. On
the account of the above independent prognostic factors, a nomogram was developed for predicting the
1-, 2- and 3-year survival rates of GBM patients (Fig. 5).
2.4 TME and immune-related differences between the high- and low-risk groups
The results of ESTIMATE showed remarkably higher ESTIMATE, immune, and stromal scores in the highrisk group versus the low-risk group (Fig. 6a-d). Additionally, the results of ssGSEA displayed differences
concerning immune cells between the two populations. Among the immune-related functions,
APC_co_stimulation, Macrophages, Neutrophils, and other functions also exhibited distinct differences
(Fig. 7a-d). Furthermore, the immune checkpoint-related genes expressed at significantly higher levels in
the high-risk population than in the low-risk population (Fig. 8-9). The immune checkpoint share a strong
association with the immune escape of tumors, which may provide an explanation for the poor prognosis
of the high-risk patients and new insight for the treatment of GBM.
2.5 Correlations of IGF2BP2 with immune checkpoint-related genes and immune-related functions
This study identified IGF2BP2 to be a differentially expressed gene that its expression in normal tissues
was different from that in tumor tissues. Meanwhile, KM analysis of this gene showed worse outcomes
of patients with high IGF2BP2 expression (Fig. 10a-b). qRT-PCR and western blot analysis were performed
to detect IGF2BP2 expression. The results showed that IGF2BP2 expression in GBM was significantly
higher than in adjacent tissues(Fig. 10c-d). According to the median value of IGF2BP2 expression, GBM
patients were classified into high- and low-expression groups. Significant differences were observed in
immune checkpoint-related genes between the two groups (Fig. 11a) and differences were also detected
regarding the immune-related functions (Fig. 11b-c).
2.6 Correlations of IGF2BP2 with TMB and MSI
We first investigated the relationship of IGF2BP2 in GBM with TMB and MSI and found a significant
positive correlation. In an attempt to further explore the relationship between IGF2BP2 and tumors, we
performed correlation analyses of IGF2BP2 with TMB and MSI in pancancer. In terms of TMB, IGF2BP2
shared significant associations with LGG, BRCA, GBM, etc., but the association varied in different tumors.
A similar conclusion was also obtained concerning MSI (Fig. 12a-b).
2.7 The regulatory network between splicing factors (SFs) and AS
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The study focus was next shifted onto the regulatory network of SFs and AS events in GBM patients. First
of all, 404 SFs were retrieved from the SpliceAid2 database. The results of Spearman’s correlation
analysis (Fig. 13) revealed 79 SFs (blue). 67 survival-related AS events showed significant correlations,
including 37 adverse AS events (red) and 30 favorable AS events (green). In addition, most favorable AS
events shared a positive correlation with the expression of SFs (red line) while unfavorable AS events
exerted a negative correlation with the expression of SFs (green line).

Discussion
AS is engaged in the post-transcriptional modulation of 94% of human genes[9]. Through AS, a single
gene can produce multiple mRNA isoforms with diverse modulatory and functional properties[10]. Cancer
cells usually drive cancer progression through AS, thereby promoting cancer cell proliferation,
invasiveness, metastasis, apoptosis, and drug resistance [11–13]. AS also participates in many
carcinogenic processes involving apoptosis, hypoxia, metabolism, angiogenesis, and immune escape [14,
15]

. Therefore, the dysregulation of AS can affect a variety of biological processes, thereby driving diverse
pathophysiological processes related to diseases and leading to the loss-of-function of anti-oncogenes
and the activation of oncogenes. Accumulating pieces of evidence unravel that the aberrant AS is one of
the molecular markers of tumorigenesis [16].
In this study, AS data of 169 GBM patients were downloaded from the TCGA SpliceSeq database, and the
corresponding clinical data were from the TCGA database. By means of univariate Cox regression,
LASSO regression, and multivariate analyses, a prognostic model based on the AS events of 7 genes was
finally constructed. In this model, the OS considerably differed between high-risk and low-risk
populations. It was, therefore, suggested that this model could effectively differentiate the OS of patients
in the two groups. In addition, the ROC and calibration curves of this prognostic model indicate good
sensitivity and specificity of this model in predicting the survival of GBM patients. Finally, the risk score
was demonstrated to be an independent predictor of GBM prognosis.
TME comprises tumor cells, stromal cells, and cytokines and inflammatory mediators secreted by stromal
cells, which provide support for the initiation, progression, invasion, and metastasis of tumors [17, 18].
These stromal cells primarily include fibroblasts, immune, inflammatory, and mesenchymal cells, etc.
Increasing shreds of evidence show the abnormal infiltration of lymphocytes, monocytes, neutrophils,
and other immune and inflammatory cells in the tumor microenvironment [19, 20]. In the present study,
Eosinophils and M2 macrophages exerted differences between the two groups, showing a negative
correlation. Additionally, expression patterns of immune checkpoint-related genes were upregulated in the
high-risk population. As the risk value increases, the main immune function of the body is gradually
damaged, leading to cancer progression and metastasis. The differences in the levels of immune-related
infiltration may indicate the potential immune mechanism of the risk score. Detection of infiltrating
immune cells in the patients could be utilized to distinguish the high- and low-risk patients or as an
immune target, indicating the great prospect of its clinical application.
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We also analyzed the DEGs between the two groups of patients and identified that IGF2BP2 was a DEG
and patients with high and low IGF2BP2 expression exhibited different OS. An existing study has
illustrated correlations of abnormal IGF2BP2 expression with a variety of human diseases, such as
insulin resistance, diabetes, and cancer [21]. IGF2BP2 has been demonstrated to be highly expressed in a
variety of cancer tissues, such as pancreatic cancer and colon cancer [22, 23]. The pan-cancer analyses of
IGF2BP2 involving TMB and MSI revealed the diversity of their correlations in different tumors.

Conclusions
By analyzing the AS events in GBM and screening the AS events that affect patient survival, a prognostic
model was constructed. This model can better reflect the prognosis of patients and show a guiding
significance for the clinical prognostic prediction of GBM patients. Meanwhile, IGF2BP2 were identified as
a novel prognostic biomarker and immunotherapeutic target.
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Tables
Table1 The information of 7 OS-related DEAS events by multivariate Cox analysis.
id

coef

HR

HR.95L

HR.95H

pvalue

RWDD1|77328|ES

-4.21733

0.014738

0.00073

0.297461

0.005945

ZNF302|48995|AD

-2.90305

0.054856

0.006879

0.437471

0.006137

FAM86B1|82719|AD

-2.25218

0.10517

0.016825

0.657395

0.016016

CBLL1|81372|ES

3.305546

27.26342

1.578017

471.0306

0.022981

C19orf57|47943|ES

1.911537

6.763479

1.234931

37.04228

0.027583

IGF2BP2|68031|ES

1.730149

5.641497

1.091656

29.15432

0.03896

RPL39L|68071|AP

1.08508

2.959677

1.018131

8.603694

0.046265

Figures
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Figure 1
a. Numbers of AS events and AS-associated genes in GBM patients b. UpSet plot of gene interactions
between the seven types of prognosis-related AS events. A single gene may have multiple types of
splicing events c-d. The LASSO regression analysis identified 16 prognostic AS events
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Figure 2
a. K-M survival curve to test the predictive effect of the model. b.Discriminating ability of the model was
assessed by ROC analysis and its AUC value c.The calibration curves for the model. d.ROC curves of
different types of features.
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Figure 3
a.The distribution of expression heatmap of prognostic signatures b.patients risk score distribution c.
Survival status and time distribution of patients
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Figure 4
a-b.Univariate and multivariate Cox regression analyses.
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Figure 5
A nomogram was developed for predicting the 1-, 2- and 3-year survival rates of GBM patients.
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Figure 6
a-d. Comparison of the immune score, stromal score,tumor purity and ESTIMATE score in the low- and
high-risk groups, respectively
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Figure 7
Comparison of the ssGSEA scores between different risk groups. The scores of immune cells (a) and
immune-related functions (d) are displayed in boxplots. b-c：Association between macrophages,
eosinophil and risk scores
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Figure 8
Expression heat map of the immune checkpoint-related genes

Page 21/26

Figure 9
Heatmap analysis of the immune cells, immune-related functions and risk score
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Figure 10
a. The expression of IGF2BP2 between normal samples and tumor samples b. KM analysis of IGF2BP2 c.
Western blot analysis showed a clear overexpression in protein expression levels of IGF2BP2 in GBM. d.
Results of qRT-PCR analysis
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Figure 11
a. The expression of immune checkpoint-related genes between high and low IGF2BP2 expression
groups. b-c. The scores of immune cells and immune-related functions are displayed in boxplots
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Figure 12
a. Relationship between IGF2BP2 and TMB b. Relationship between IGF2BP2 and MSI
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Figure 13
The regulatory network between splicing factors (SFs) and AS
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