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Abstract
Purpose

Medulloblastoma is a malignant childhood tumor with four molecular subtypes: WNT, SHH, G3, and G4.
The prognosis of these four molecular subtypes is different. WNT has the best prognosis, followed by
SHH, and G3 and G4 subtypes have the worst prognosis. This study aimed to identify various molecular
subtypes of medulloblastoma can independently predict the prognosis of patients and provide speci�c
treatment way for them.

Methods

Based on the data in the GSE37418 dataset, the WGCNA method was used to �nd the genes most related
to these molecular subtypes, and then the top ten hub genes in each subtype were found through the
cytohubba plug-in of cytoscape. GO pathway enrichment of four interested modules was used, and then
GSE85217 was used for clinical trials in single-factor Cox regression analysis .

Results

The information was subjected to single-factor Cox regression analysis, and twelve hub genes with the
most signi�cant prognostic effects on medulloblastoma were found, and then these genes were
subjected to multi-factor Cox regression analysis on each molecular subtype, and �nally GNG3 was
determined .The combination of CALCB and GCGR can predict the development of SHH well (p=0.0011,
AUC=0.734), SOCS3 and HOXC10 can better predict the development of G4 (p=0.044, AUC=0.618), and
the combination of ADCY8 and LHX3 can predict G3 Development (p=0.034, AUC=0.675).

Conclusion

This report showed a possible evidence that OS-related features of various molecular subtypes of
medulloblastoma can independently predict the prognosis of patients with each subtype of
medulloblastoma, and provide new therapeutic targets for them.

Background
Medulloblastoma (WHO grade IV) is a highly malignant brain tumor arising in the posterior foss in
children accounts for approximately 20% of all childhood brain tumors.(1), (2)It is an embryonic lesion
and is thought to be caused by the progenitor cell population that exists during early brain development.
Medulloblastoma is currently undergoing the most safe resection, chemotherapy, and skull radiation.
Despite this radical multimodal therapy, about 30% of patients eventually die of the disease, and
survivors can cope with long-term side effects of treatment, which will have a signi�cant impact on their
quality of life. Genomics has now greatly improved our understanding of medulloblastoma. Obviously,
medulloblastoma contains at least four different molecular subtypes: WNT, SHH, group 3 and group 4.
(3),(4)
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These four subgroups have unique transcription pro�les, copy number aberrations, somatic mutations,
and clinical outcomes. Among them, WNT and SHH medulloblastoma can be clearly identi�ed and
separated in most transcriptome and methylation analysis studies, with little overlap with other molecular
subtypes. (4)Different subtypes have different prognosis. The WNT subgroup has a good prognosis (5-
year survival rate of pediatric patients> 95%), rarely metastases at the time of diagnosis (5%-10% of
cases), and rarely recurs(5). WNT medulloblastoma is believed to originate from progenitor cells with the
rhomboid lip in the developing lower brain stem.

(6,7) The SHH subgroup has a balanced sex ratio and bimodal age incidence, and is most common in
infants and adults. About 30% of medulloblastomas are classi�ed as SHH tumors.(8,9)The third group of
medulloblastoma is mainly male and almost only occurs in infants.(9)Tumors in the Group3 subgroup
account for approximately 25% of the overall medulloblastoma cases, and have a high metastasis rate
(40%-45%) and the worst survival outcome (less than 60% at 5 years) at the time of diagnosis.
(9)Medulloblastoma in group 4 accounts for 35%-40% of all medulloblastoma diagnoses. It usually
occurs in children and adolescents, more often in men (3:1 sex ratio). This subgroup also has frequent
metastases (35%-40% of diagnoses), the survival outcome is moderate and its recurrence often occurs
late. (9-11)

In order to explore dynamic changes and unbiasedly understand the system-level characteristics of the
four types of medulloblastoma at the molecular level, we use a network method called Weighted Gene
Correlation Network Analysis (WGCNA) for analysis. It can group functionally related genes into modules
(12). These modules are constructed by calculating the correlation network analysis of a large number of
high-dimensional datasets based on the correlation between genes (because they have similar expression
pro�les) and can be related to the phenotype(12). WGCNA's R software package has been successfully
applied to various biological data analysis, such as cancer data (13),(14), and brain imaging data analysis,
and it can also be used to describe the correlation structure between gene expression pro�les, image data,
genetic marker data, proteomics data and other high-dimensional data(12).

The R package is available for free from Bioconductor. Although WGCNA analysis, we performed the
WGCNA method by calculating the correlation between module features based on the GSE37418 public
microarray dataset (including 73 samples).(15) This method identi�ed co-expression modules that were
highly related to SHH, G3, WNT, and G4, and these modules were signi�cantly related to the molecular
subtypes of normal medulloblastoma. In addition, using the clinical data of GSE85217(16)(excluding
some samples with obscure clinical data, 551 samples remain), we conducted a cox multivariate
regression analysis and found that some gene combinations can predict the risk of each type well, and
these have never been reported. This reveals that the various types of medulloblastoma may have deeper
mechanisms.

Materials And Methods
Data Sources
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First, the microarray dataset GSE37418 of RNA expression pro�le provided by Robinson G et al. (2012)
was downloaded from NCBI Gene Expression Omnibus (GEO). (15)The dataset contains a total of 76
microarray spectra of pediatric medulloblastoma samples. The molecular subtypes of medulloblastoma
are as follows: WNT, SHH, G4, G3. After removing the three samples of unknown origin, we also included
73 medulloblastoma samples and classi�ed them according to the molecular subtype of the disease. In
the GSE37418 dataset, the remaining samples include WNT (n = 8), SHH (n = 10), G4 (n = 39) and G3 (n =
16). In order to further verify our data, we use the GSE85217 data set for further survival analysis of the
hub genes we selected. The GSE85217 dataset includes 763 medulloblastoma samples. The expression
data of GSE85217 could be found in GEO, but its clinical data comes from relevantliterature(16)
(https://ars.els-cdn.com/content/image/1-s2.0-S1535610817302015-mmc2.xlsx).After excluding
samples with unclear survival time, survival status, and gender in the GSE85217 dataset, there are 551
samples left. Including G4 (n=245), G3 (n=107), SHH (n=150), WNT (n=49). Other detailed experimental
methods and instructions can be found in this original reference.

Establishment of weighted correlation network analysis

The WGCNA software package in R 4.02 was used to study the co-expression relationship based on gene
expression.(12) Subsequent analysis of genes that usually represent noise with low expression or
unchanged through variance �ltering. To construct a weighted gene network,it is necessary to select the
co-expression soft threshold ability β to increase the similarity to calculate the adjacency degree. The β
value can be selected using the "pickSoftThreshold" function, which can then be used for network
topology analysis and help selection based on the approximate scale-free topology Appropriate soft
threshold. Then convert the adjacency matrix to a topological overlap matrix (TOM). TOM can measure
the network connectivity of a gene, which is de�ned as the sum of the adjacencies of the gene and all
other genes, and then generates a network. In addition, in order to classify genes with similar expression
patterns into gene modules, an average linkage hierarchical clustering is performed according to the
TOM-based difference measure. Then, analyze the correlation between the gene expression of the module
and the external clinical characteristics, and perform an in-model analysis to determine whether the gene
expression is consistent with the clinical correlation.

Functional enrichment

In order to better understand the actual role of the genes in the WGCNA module, which are highly related
to the molecular subtype of medulloblastoma, the "clusterPro�ler" R package were performed the GO
enrichment analysis and visualization. (17)

Protein-protein Interaction network creation and hub gene identi�cation

For the genes of the key modules, pink, brown, green, and darkred modules, the protein-protein interaction
analysis network generated by using the string database contains at least one protein subset, and each
member forms a physical interaction. Then use cytoscape software was used for further drawing and
analysis.(18)The mmc algorithm of the cytoHubba plug-in further identi�es densely connected network
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components.(19) Each module calculates the most critical 10 hub genes, and then performs further
analysis.

Construction of the subtype of medulloblastoma related Prognostic Signature

We �rst obtained the prognosis of each molecular subtype of medulloblastoma through unvariate Cox
regression analysis, and then performed multiple Cox regression analysis and an optimized risk scoring
model with a step function. The risk score is calculated as follows:

Among them, Coef is the coe�cient, and x are the expression value of each selected gene. This formula is
used to calculate the risk score of each medulloblastoma patient in each molecular subtype. Then, we
performed Cox regression analysis to prove whether this feature is an independent prognostic factor for
the molecular subtype of medulloblastoma.

Statistical Analysis

R software (version 4.0.2) was used for statistical analysis. The “survival” R package is used for cox
regression analysis. Cox regression analysis (including univariate and multivariate) is used to screen the
genes included in the risk scoring model. Medulloblastoma patients were divided into high-risk groups
and low-risk groups according to the median risk score, and the OS of the patients was analyzed by
Kaplan-Meier method and log-rank test. Use the "survival ROC" R package to perform ROC curve analysis.
P<0.05 was considered statistically signi�cant(20).

Results
Preprocessing of medulloblastoma dataset and construction of weighted gene co-expression network

The combined data set (GSE37418) contains a total of 73 samples [WNT (n = 8), SHH (n = 10), G4 (n =
39) and G3 (n = 16)] with clear molecular classi�cation of medulloblastoma in this study(15). Then the
same preprocessing is performed on the original data of each microarray data set for background
correction and normalization. Firstly, the probes matching multiple genes are deleted from these datasets,
and secondly, the average expression value of the genes measured by the multiple probes is calculated
as the �nal expression value. Finally, we identi�ed a total of 16,241 genes expressed. In addition, the
construction of WGCNA also requires the best soft threshold capability(12), and the co-expression
similarity is improved to calculate the adjacency. Therefore, we have conducted network topology
analysis on various soft threshold power, so that WGCNA has relatively balanced scale independence and
mean connectivity. As showed in Figure 1A and C, power 6 is the lowest power that selects the scale-free
topology �tting index to reach 0.87 to generate a hierarchical clustering tree. Next, through dynamic tree
cutting and merging dynamics, 28 different gene modules were generated in the hierarchical clustering
tree from 73 samples, and each module was labeled differently (Figure 1C). Each tree branch constitutes
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a module, and each leaf in the branch is a gene. The size of the modules varies from 56 (orange module)
to 1783 (turquoise module) genes. In order to further quantify the co-expression similarity of the entire
module, we calculated the characteristic gene adjacency of the entire moduleand the correlation of 19
modules (Figure 1D) based on the heat map. Each module also shows independent veri�cation, and the
gradually saturated blue and red indicate high co-expression interconnectivity (Figure 1D).

Identi�cation of meta-modules related to four molecular subtypes of medulloblastoma

As we know, ME is the most important component of the module and can be considered as a
representative of the gene expression pro�le of the module. The 28 MEs of 28 different modules are
respectively related to the four molecular subtypes of medulloblastoma. Next, we assessed the
relationship between each module and the molecular subtype of medulloblastoma by correlating the
characteristic gene of each module. . We found that, as expected, the pink module is highly correlated
with the SHH molecular subtype, brown is highly correlated with G4, darkred is highly correlated with G3,
and the green module is highly correlated with WNT(absolute r>0.81,p<0.0001). In addition, Figure 2C
also shows four interesting modules based on ME expression pro�les and 73 samples of
medulloblastoma molecular subtype characteristics. These four modules are considered to be very
meaningful modules and are highly related to their molecular subtypes

Differences in gene expression of molecular subtypes and GO enrichment

It is well known that there are differences in survival between different molecular subtypes of
medulloblastoma. And this difference is probably due to the expression of different genes. In order to
illustrate the difference in gene expression in the four modules, heat maps of the gene expression in
medulloblastoma of pink, brown, green, and darkred modules were drawn. It can be seen that WNT, SHH,
G4, and G3 molecular subtypes highly express the genes of green, pink, brown, and darkred modules,
respectively. (Figure 3A). Besides to explore the enrichment of genes in these modules, R package
clusterpro�ler to analyze and visualize the GO enrichment of these genes. We found that the genes of the
WNT module are mainly related to axonogensis and regulation of neuron projection development,
regulation of cell morphogenesis, and as expected, are also related to regulation of Wnt signaling
pathway. (Figure3B) The different gene of SHH is mainly related to the modulation of chemical synaptic
transmission, regulation of trans-synaptic signaling, forebrain development. (Figure3C)In addition, the
differential genes of G4 are mainly concentrated in the synapse organization, regulation of membrane
potential, modulation of chemical synaptic transmission, regulation of trans-synaptic signaling.
(Figure3D)What also surprised us is that G3-speci�c genes are mainly concentrated in Spinal cord
development, and the top-ranked GO enrichment of the other three molecular subtypes are all related to
the development of synapses and brain and nerves, which further reveals that the lethal mechanism of
G3 may be different from the other three molecular subtypes .( Figure3E)

Screening of hub gene



Page 7/19

From the four modules of interest above, we further used cytoscape to analyze, drawing the protein
interaction network (Figure 4) and the ten core genes in each module were taken out for further analysis.

Single factor COX regression analysis of hub gene and dataset veri�cation

The corresponding clinical data in the literature cited by GSE85217 were used to perform survival
analysis of these hub genes. In order to test the accuracy of the clinical data of GSE85217, we �rst
performed the analysis of the cox regression of its molecular subtype and survival time (Figure5A), and
found that it is consistent with most reports in the literature, that is, WNT has a better prognosis, while
SHH , G3, G4 have worse prognosis. In addition, we also conducted a gender survival curve analysis, but
the analysis showed that gender factors have no effect on the survival of medulloblastoma.

Multivariate COX regression analysis of molecular subtypes of medulloblastoma

The mortality rates of different molecular subtypes of medulloblastoma vary greatly (Figure 6B).
Therefore, after screening out 12 hub genes with single-factor cox regression analysis (Figure 6A), we
used these genes to perform multivariate cox regression survival curve analysis on 107 G3 samples, 245
G4 samples, and 150 SHH. (There are only 49 WNT samples, so these samples are not used to analyze
WNT separately). Therefore, we are surprised to �nd that some genes can well predict the role of these
three molecular subtypes. For example, among the G4 subtypes, the combination of SOCS3 and HOXC10
can better predict the progress of the G3 subtype. (p=0.034, AUC=0.616) (Figure6 A, D). In addition, in the
G3 subtype, the combination of ADCY8 and LHX3 can better predict the progress of the G3
subtype(p=0.034, AUC=0.675) (Figure5B,E). Besides, in the SHH subtype, the combination of GNG3,
CALCB, and GCGR can better predict the progress of the SHH subtype. (p=0.0011, AUC=0.734) (Figure5C,
F). The prediction of the SHH model is the most accurate, indicating that these three genes may play an
important role in the occurrence and development of SHH molecular subtypes.

Discussion
Medulloblastoma (MB) is the most common pediatric malignant brain tumor, accounting for nearly 20%
of all childhood central nervous system (CNS) malignancies(21). The 5-year survival rate of standard-risk
children is more than 85% and the 5-year survival rate of high-risk children is about 70%.(22) As we all
know, the four recognized molecular subtypes of medulloblastoma are WNT, SHH, G3, and G4.Current
research shows that WNT accounts for about 10% of MB, SHH about 30% , Group3 about 20% , Group4
about 40%(21). This is similar to the proportion of the 551 four molecular subtypes of GSE85217 that
exclude medulloblastomas with unclear clinical phenotypes. The 551 samples contained 49 WNT
subtypes (8.9%), 107 G3 subtypes (19.4%), 245 G4 subtypes (44.4%), and 150 SHH subtypes (27.2%).
This also shows that even after removing some samples with unclear clinical phenotypes, the dataset is
still clearly representative. The distribution in GSE37418 is also relatively close. In addition, a large-scale
study showed that gender factors have no signi�cant effect on the survival rate of medulloblastoma(23).
In addition, a large-scale study showed that although the incidence of medulloblastoma differs between
men and women, about 2-3:1, gender factors have no signi�cant effect on the survival rate of
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medulloblastoma.(23) Our research shows (Figure 5C) that gender has no effect. In addition, using these
samples, we found that even in these four subtypes, although males still account for a larger proportion
than reported, there is no gender difference in survival rates (see attached picture)

The development of different molecular subtypes of medulloblastoma is different, so �nding prognostic
markers that determine each molecular subtype of medulloblastoma is indeed very important for
predicting the occurrence and development of each molecular subtype of medulloblastoma. Previous
studies have shown that the status of TP53 may be one of the important markers of medulloblsatm.
(24,25) However, whether there are other markers that affect the occurrence and development of
medulloblastoma and can better predict the molecular subtype of medulloblastoma alone is not yet
known.

By using the WGCNA analysis method and reducing the complexity of the expression pro�le, 28
medulloblastoma-related modules were identi�ed from 73 medulloblastoma samples of GSE37418.
Among them, four modules were found to be highly correlated with four molecular subtypes. We have
also conducted extensive research on the conservation of the four modules in different data sets. We
con�rm that based on WGCNA meta-modules, pink, brown, darkred, and green are indeed highly
correlated with SHH, G4, G3, and WNT. The genes of these modules are the unique differential genes of
these molecular subtypes. Therefore, the analysis of these differential genes can better reveal the
essential differences between the development and deterioration of the four subtypes GO enrichment
analysis shows that G3 basic genes are mainly concentrated in spinal cord development, while the �rst
GO enrichment among SHH, WNT, and G4 subtypes are all related to the development of synapses, brain
and nerves, which further reveals G3 The lethal mechanism may be different from the other three
molecular subtypes (Figure 3). Perhaps this is related to the metastasis rate of medulloblastoma G3
subtype as high as 40%-45% at the time of diagnosis. (9,26)

And then we used univariate Cox regression analysis to calculate the hub genes calculated from the
cytoscape algorithm and found that the overall effect on medulloblastoma was as signi�cant twelve
genes. Then use these twelve genes to perform COX multivariate regression analysis among the four
subtypes of medulloblastoma. The higher the risk score, the worse the prognosis and the higher the
degree of malignancy. Among them, we found that although GNG3, CALCB, and GCGR may not be
signi�cant as a single factor, the combination of the three genes can predict the occurrence and
development of this subtype of SHH very well. In addition, these three genes belong to the hub genes of
the pink module of SHH, which further shows that the mechanism of action between the three genes has
a deeper impact on the occurrence and development of SHH. However, no one has reported the effect of
the combination of these three genes on SHH. For these three genes, Guanine nucleotide-binding proteins
(G proteins) are involved as a modulator or transducer in various transmembrane signaling systems. The
beta and gamma chains are required for the GTPase activity, for replacement of GDP by GTP, and for G
protein-effector interaction. Guanine nucleotide binding proteins are heterotrimeric signal-transducing
molecules consisting of alpha, beta, and gamma subunits. The gamma subunit determines the speci�city
of which signaling pathways will be affected by this particular complex. The protein encoded by this gene
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GNG3 represents the gamma subunit of both inhibitory and stimulatory complexes. (27,28)CGRP induces
vasodilation. It dilates a variety of vessels including the coronary, cerebral and systemic vasculature. Its
abundance in the CNS also points toward a neurotransmitter or neuromodulator role.(29) (28)And the
protein encoded by GCGR is a glucagon receptor that is important in controlling blood glucose levels.(28)
(30)In addition, we also found that the combination of SOCS3 and HOXC10 can predict G4, but the
prediction e�ciency may not be signi�cant (AUC=0.616). The combination of ADCY8 and LHX3 can
predict G3, but the prediction e�ciency may still be low (AUC=0.676), but the two single factors may have
a greater impact on G3.

Conclusions
In conclusion, we have constructed OS-related features of various molecular subtypes of
medulloblastoma, which can independently predict the prognosis of patients with each subtype of
medulloblastoma, especially those with SHH molecular subtypes, and provide new therapeutic targets for
them. We have a deep understanding of the biological mechanism and clinical signi�cance of the hub
gene in each molecular subtype of medulloblastoma, but further experiments will be still needed to verify
our �ndings in the future.
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Figure 1

Construction of WGCNA network (A) The acquisition of soft threshold power. The left panel is a graph
about the unscaled �t index and soft threshold function. And the right panel reveals average connectivity
and soft threshold power. After choosing Power 6, the �tting exponential curve gradually becomes �at
when it reaches a high value (>0.87). (B) Cluster tree diagrams and module distribution of modules
produced by WGCNA. Genes are clustered by means of difference measurement (1-TOM). The branches
correspond to modules of highly interconnected groups of genes. Colors in the horizontal bar represent
the modules. 28 modules with 16241 transcripts were detected with WGCNA. (C,D) Identi�cation of meta-
module and module-module relationship. The modular network dendrogram is constructed by clustering
the intrinsic gene distances of the modules. In the end, 28 different gene modules were identi�ed. In the
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heat map of the module-module relationship, from gradually saturated blue to red, the co-expression
interconnectivity increases sequentially.

Figure 2

The characteristics of the module in medulloblastoma and the gene expression of the module of interest
(A) Each cell contains a corresponding correlation. High correlation is marked as red, and low correlation
is marked as green. (B) The histograms a-d sequentially described the eigengene expression of each
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module from subtypes G3,G4,SHH,WNT (C) Relationship between gene signi�cance and intramodular
connectivity about 4 module.

Figure 3

GO pathway enrichment of four interested modules (A) Hierarchical cluster analysis of six interested
modules, based on the module-trait's correlation and p value (absolute r> 0.8, P <10^–18), four modules
(darkred,brown,green,pin) showed relatively high expression ( red) and lower expression (purple) in the
medulloblastma population. (B)-(D) GO pathway enrichment of green, pink, brown and darkred modules
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Figure 4

Obtain the hub gene (A) Interaction of gene co-expression patterns in the pink, green, brown, darkred
module. The module was visualized using Cytoscape_3.6.0 software. The node colors coded from yellow
to red (low to high).
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Figure 5

(A) 12 genes were obtained by univariate Cox regression analysis (B)-(C) Calculating the molecular
subtype(B) or gender(C) and survival time of medulloblastoma by Cox regression analysis with the
clinical data of the GSE85217 dataset
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Figure 6

A-C The hub genes selected by 12 univariate COX regression analyses were used to perform multivariate
COX regression analysis on the clinical data and expression data belonging to G3, G4 and SHH molecular
subtypes in the GSE85217 data set. Multivariate COX regression analysis can show that the common
expression of some genes can well predict the risk of the development of G3, G4, SHH, and further reveal
that these genes have a high signi�cance in the occurrence and development of these subtypes. Among
them, blue represents low risk, and red represents high risk. B-D The ROC curve of the above multivariate
cox regression model.


