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Abstract

Medulloblastoma (MB) is one of the most frequent malignant brain tumors in children. The metastasis of MB outside the nerv@
system is associated with a poor prognosis. Our study aimed to explore the genes correlated with metastasis in MB. Using
the data downloaded from the gene expression omnibus database, the differentially expressed genes were identified between
the metastatic and nonmetastatic samples in MB, which were undergone functional enrichment. Prognosis related genes were
identified using univariate Cox regression analysis. The gene set enrichment analysis was conducted to find MB metastasis
related pathways. A total of 196 differentially expressed genes were identified between metastatic and nonmetastatic samples in
MB patients, and these genes were significantly enriched in 483 gene ontology terms and 29 Kyoto encyclopedia of genes and
genomes pathways. In addition, univariate Cox regression analysis screened the top 10 genes (CEMIP, GLCE, ART3, GABRAS5,
COLEC12, LIN28B, ZNF521, IL17RB, Fas apoptotic inhibitory molecule 2 (FAIM2), RCBTB2) that were significantly associated
with survival of MB, among which FAIM2 was prominently expressed in cerebral cortex, cerebellum and hippocampus. The
expression of FAIM2 was decreased in metastatic MB samples, and FAIMZ2 harbored missense mutations, amplifications and
deep deletions in metastatic samples of MB. Moreover, a total of 25 pathways were significantly activated and 41 pathways were
significantly inhibited in FAIM2 high expression group compared to FAIMZ2 low expression group in MB patients. FAIMZ2 was tightly
correlated with metastasis in MB patients, and the low expression of FAIM2 was associated with poor prognosis.

Abbreviations: CNV = copy number variation, DEGs = differentially expressed genes, FAIM2 = Fas apoptotic inhibitory
molecule 2, GO = gene ontology, GSEA = gene set enrichment analysis, KEGG = Kyoto encyclopedia of genes and genomes,

Keywords: FAIM2, medulloblastoma, metastasis, prognosis

MB = medulloblastoma, NBL = neuroblastoma, OS = overall survival.

1. Introduction

Medulloblastoma (MB), one of the most common malignant
brain tumors in children, accounts of ~63% of embryonal
tumors in childhood intracranial.»?! The common diagnostic
locations for pediatric MB are the cerebellum and brainstem,
and standard treatment of MB including surgery, cytotoxic
chemotherapy and cranio-spinal irradiation.!"! Unfortunately,
these treatments can cause serious sequelae for the survivors,
such as, hearing loss, vasculopathy, neurocognitive impairment,
endocrine dysfunction and secondary cancers.*” The metasta-
sis of MB outside the nervous system is associated with a poor
prognosis in MB patients, and the most common site of metas-
tasis was bones (pelvis, femur, vertebrae), visceral organs and
lymph glan.®?! It has been indicated that aberrant expression
of certain genes has an important impact on the metastasis of
MB. For example, the lower expression of ITRR1 and its coreg-
ulated genes (ATP1A2, MTTL7A, RGL1) are associated with
processes in MB, and the lower expression of ANTXRI1 and
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RGL1 are significantly correlated with worse overall survival
(OS)." However, until now fewer clinical studies have identi-
fied novel genes directly against metastasis of MB. Accordingly,
further investigation of metastasis related genes is helpful to
better understand the molecular mechanisms of the occur-
rence of MB metastasis and provide more options for clinical
treatment.

Fas apoptotic inhibitory molecule 2 (FAIM2) is a number of
the transmembrane BAX inhibitor motif-containing family, and
it is an antiapoptotic protein.'12 FATM2 is primary expressed
in nervous system related tissues, such as, brain (cortex, hip-
pocampus, cerebellum) and spinal cord. The main biological
function of FAIM?2 is to inhibit Fas-induced cell apoptosis by
direct interaction with Fas receptor and interaction with Bcl-xL
to modulate calcium release at the endoplasmic reticulum. 213!
Recently, several reports indicated that the expression of FAIM2
presents important role in metastasis and prognosis of cancer.
In osteosarcoma samples, the closer to tumor blood vessels,
the higher expression of FAIM2 is.'Y The higher expression
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Figure 1. Metastasis related genes in MB. (A) DEGs between metastatic and nonmetastatic groups.

B) The top 10 significantly enriched GO terms. (C) The

top twenty significantly enriched KEGG pathways. DEGs = differentially expressed genes, GO = gene ontology, KEGG = Kyoto encyclopedia of genes and

genomes, MB = medulloblastoma.

of FAIM2 is associated with poor prognosis in non-small
cell lung cancer.!""! In addition, the expression of FAIM2 has
been reported in relation to differentiation of neuroblastoma
(NBL).["*I The lower expression of FAIM2 reduces cell adhesion
and promotes sphere growth and migration, thus increasing the
metastatic capacity of NBL cells."" However, few reports have
revealed the role of FAIM2 in metastasis and prognosis of MB.

In present study, we obtained a key MB metastasis associated
gene FAIM2 by bioinformatic tools. Our research is expected to
provide reference for the targeted therapy of MB metastasis in
the future.

2. Materials and Methods

2.1. Data retrieval

The data was downloaded from the GSE124814, GSE202043,
GSE10327, and GSE34355 datasets in the gene expression
omnibus  (https:/www.ncbi.nlm.nih.gov/geo/) database. In
GSE124814 dataset, there were a total of 1015 samples involv-
ing primary tumor, metastatic tumor and normal tissues, of
which, a total of 652 samples had complete clinical informa-
tion. GSE202043 and GSE10372 datasets are taken as valida-
tion sets, among which GSE202043 contains a total of 205 (129
samples had complete clinical information) samples, GSE10327
includes a total of 58 samples. GSE34355 is a methylation data-
set including a total of 19 samples.

2.2. Differential gene analysis

The differential gene analysis between the metastatic and non-
metastatic groups was performed using limma package of R
language (version 4.2.0).'77 The differentially expressed genes
(DEGs) were screened using the llogFCl > 0.5 and P < .0S5.

2.3. Functional enrichment analysis

The DEGs were then subjected to (Gene ontology [GO], including
biological process, molecular function, and cellular component) and
Kyoto encyclopedia of genes and genomes (KEGG) enrichment anal-
ysis by the cluster Profiler function package in R language (version
4.2.0).'81' The adjusted P < .05 was considered significantly enriched.

2.4. Survival analysis

The OS of different groups was estimated with R language sur-
vival package and survminer package, based on the Kaplan—
Meier method. The log-rank test was used to examine the
significant difference between groups.

2.5. Gene set enrichment analysis (GSEA)

KEGG pathways were then explored using GSEA based on the
cluster Profiler function package in R language (version 4.2.0).
The INESI > 1 and P < .05 was considered significantly enriched.

2.6. Gene mutations and copy number variation (CNV)

The mutations and CNV of genes in MB metastatic samples
were analyzed using cBio Portal, which is an open access web
analysis data resource for integrative exploration of genomics
data across multiple cancers, including gene mutations, CNV
and mRNA expression landscape of genes.!”]

2.7. Statistical analysis

All statistical analyses were performed using R software (Version
4.2.0; https://www.r-project.org/). The difference among various
groups was determined by Wilcoxon-test. The OS was calculated
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Figure 2. FAIM2 was closely associated with the prognosis of MB. (A) The univariate Cox regression analysis results of DEGs. (B) Expression of FAIM2 in
different tissues. The Kaplan—-Meier curves of FAIM2 high and low expression groups in GSE124814. (C) And GSE202043. (D) Datasets. DEGs = differentially
expressed genes. FAIM2 = Fas apoptotic inhibitory molecule 2, MB = medulloblastoma.

using Kaplan—-Meier method, and the survival between the 2
groups was performed with log-rank tests. All statistical tests
were 2-sided, and P < .05 was considered significant.

3. Results

3.1. Metastasis related genes in MB

To explore the metastasis related genes in MB, we firstly
analyzed the DEGs between metastatic and nonmetastatic

groups in 88 MB from GSE124814 dataset. A total of 196
DEGs were identified in metastatic MB patients compared
with nonmetastatic patients, including 128 downregulated
genes and 68 upregulated genes (Fig. 1A). In addition, the
GO enrichment analysis showed that these 196 genes were
significantly enriched in body morphogenesis, focal adhesion,
WNT-activated receptor activity and so on, and the top 10 GO
terms were showed in Figure 1B. Moreover, these 196 genes
were also significantly enriched in KEGG pathways, such as
hippo signaling pathways, and the top 20 KEGG pathways
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Figure 3. Repression of FAIMZ2 expression was associated with the metastasis of MB. (A) Expression levels of FAIM2 in MB and normal samples. (B) Expression
levels of FAIM2 in metastatic and nonmetastatic samples. (C) Expression of FAIMZ2 in MB samples and normal brain samples. (D) Expression of FAIM2 between
tumors and normal samples in the different tumor types. FAIMZ2 = Fas apoptotic inhibitory molecule 2, MB = medulloblastoma.

were showed in Figure 1C. All enrichment results of GO and
KEGG analysis were presented in (Table S1, Supplemental
Digital Content, http:/links.lww.com/MD/I841) and (Table
S2, Supplemental Digital Content, http://links.lww.com/MD/
1842), respectively.

3.2. FAIM2 was closely associated with the prognosis of
MB

Metastasis of MB is an important prognostic factor for
patients.”) Therefore, we analyzed the potential association
between 196 DEGs and prognosis of MB patients using uni-
variate Cox regression, and screened top 10 genes (CEMIP,
GLCE, ART3, GABRAS, COLEC12, LIN28B, ZNF521,
IL17RB, FAIM2, RCBTB2) that were significantly associated
with survival of MB (Fig. 2A). Among which FAIM2 was prom-
inently expressed in cerebral cortex, cerebellum and hippocam-
pus (Fig. 2B), which is consistent with the common metastatic
location of MB in the brain.”! Moreover, the MB patients with
higher FAIM2 expression had better OS both in GSE124814
and GSE202043 datasets (Fig. 2C and D). These results sug-
gested that higher expression of FAIM2 was associated with
better prognosis in MB patients. Therefore, FAIM2 was selected
as the target gene for subsequent study.

3.3. Repression of FAIM2 expression was associated with
the metastasis of MB

In addition, we found that the expression of FAIM2 was
significantly lower in MB compared to the normal brain in
GSE124814 dataset (Fig. 3A). To validate this result, we ana-
lyzed the expression of FAIM2 in MB and normal groups,
metastatic and nonmetastatic groups in the validation set

(GSE202043 and GSE10327), and found that the expression
of FAIM2 in MB samples was also lower than that in nor-
mal brain samples (Fig. 3A) and lower in metastatic group
than nonmetastatic group (Fig. 3B). Similarly, the expression
of FAIM2 was significantly lower in MB samples compared
to normal brain samples in HPA (https://www.proteinatlas.
org/) database (Fig. 3C). Moreover, FAIM2 expression was
significantly lower in tumor samples than that in normal brain
samples in glioblastoma and low-grade gliomas (Fig. 3D).
Collectively, our results indicated that the expression of FAIM2
was decreased in MB patients.

3.4. Mutation of FAIM2 might contribute to its aberrant
expression in metastatic MB

To explore why FAIM2 was aberrantly expressed in metastasis
of MB, we analyzed its methylation and mutation status in MB.
The methylation level of FAIM2 was not significantly different
in metastatic and nonmetastatic samples (Fig. 4A). In addi-
tion, we analyzed the mutation status of FAIM2 in metastatic
samples and found that FAIM2 harbored missense mutations,
amplifications and deep deletions in 30 tumor datasets (Fig. 4B),
and mainly focused on missense mutations (Fig. 4C). The results
above demonstrated that FAIM2 might be aberrantly expressed
in metastatic MB owing to its mutation.

3.5. Potential pathway of FAIM2 affecting MB metastasis

GSEA enrichment analysis found that a total of 25 pathways
were significantly activated and 41 pathways were signifi-
cantly inhibited in FAIM2 high expression group compared
with FAIM2 low expression group in MB patients. Among
which calcium signaling pathway, cell cycle, DNA replication,
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Figure 4. Methylation and mutation of FAIMZ2 in MB. (A) Methylation of FAIMZ2 in metastatic and nonmetastatic samples. (B) Mutation of FAIM2 in 30 tumor

datasets. (C) Mutation information of FAIM2. FAIMZ2 = Fas apoptotic inhibitory

molecule 2, MB = medulloblastoma.
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Figure 5. Potential pathway of FAIM2 affecting MB metastasis. (A) Signaling pathway associated with cancer cell proliferation, angiogenesis and migration. (B)

Top 10 pathways of KEGG with significantly activated and inhibited. FAIM2 =

genomes, MB = medulloblastoma.

Fas apoptotic inhibitory molecule 2, KEGG = Kyoto encyclopedia of genes and

ECM-receptor interaction, hedgehog signaling pathway, HIF-1
signaling pathway, MAPK signaling pathway and pS53 signaling
pathway (Fig. 5A) were associated with cancer cell proliferation,
angiogenesis and migration. The top 10 activated and inhibited
pathways were showed in Figure 5B. All detailed results of path-
ways were showed in (Table S3, Supplemental Digital Content,
http://links.lww.com/MD/1843).

4. Discussion

Tumor metastasis is crucial factor involved in the prognosis of
MB patients.?”! In our study, we collected and organized data
in gene expression omnibus database to evaluate the genes
related to metastasis in MB. We found that FAIM2 was tightly
correlated with metastasis in MB patients, and the lower
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FAIM?2 expression was associated with poor prognosis of MB
patients.

Firstly, we identified that 196 DEGs between metastatic
and nonmetastatic samples in MB patients, and these genes
were significantly enriched in 483 GO terms and 29 KEGG
pathways. In addition, univariate Cox regression analysis
screened the top 10 genes (CEMIP, GLCE, ART3, GABRAS,
COLEC12, LIN28B, ZNF521, IL.17RB, FAIM2, RCBTB2)
that were significantly associated with survival of MB, among
which FAIM2 was prominently expressed in cerebral cortex,
cerebellum and hippocampus, which is consistent with the
common metastatic location of MB in the brain.”’ FAIM2 is
an antiapoptotic protein, and the main biological function
is to inhibit Fas-induced cell death.!'” In osteosarcoma sam-
ples, the closer to tumor blood vessels, the higher expression
of FAIM2 is.I'" The higher expression of FAIM2 was asso-
ciated with poor prognosis in Non-small cell lung cancer.!'!
However, in NBL, the low level of FAIM2 has been reported
to alter adhesion properties and increase metastatic potential
of NBL cells, and the low level of FAIM2 was correlated with
worse OS.['®l Hence, it is reasonable to observe the lower
expression of FAIM2 was concerned with a poor prognosis
in MB patients. These evidences suggest that FAIM2 plays
distinct roles in different tumors due to the complexity of
the tumor. Moreover, Liu et al?!l demonstrated that FAIM2
is a hub gene in MB, but the detailed role of FAIM2 in MB
has not been investigated. Whereas, in our present work, we
found that the expression of FAIM2 was decreased in MB
patients, and the expression of FAIM2 in other brain tumors
(glioblastoma and low-grade gliomas) were consistent with
MB. These results indicated that the expression of FAIM2
was decreased in MB patients. We also found that FAIM2 har-
bored missense mutations, amplifications and deep deletions
in 30 MB datasets. Therefore, FAIM2 might be aberrantly
expressed in metastatic MB through mutation. We have firstly
reported the impact of FAIM2 expression in metastasis of
MB, and provide reference information for the treatment of
MB metastasis in the future.

In addition, GSEA enrichment analysis found that a total
of 25 pathways were significantly activated and 41 pathways
were significantly inhibited in FAIM2 high expression group
compared to FAIM2 low expression group in MB patients.
Among which some signaling pathway were associated with
cancer cell proliferation, angiogenesis and migration, such
as cell cycle and calcium signaling pathway. FAIM2 was
involved in calcium signaling regulation in the endoplas-
mic reticulum. FAIM2 reduces cytosolic Ca?* by decreased
calcium content in the endoplasmic reticulum,?? and the
overexpression of FAIM2 could reduce calcium release from
the endoplasmic reticulum and mitochondrial cytochrome
c release after FasL stimulation.?’! In addition, Ca** signal-
ing plays a pivotal role in regulating cell cycle progression
in tumor pathologies by controlling Ca* concentration in
endoplasmic reticulum and mitochondria.?**1 Moreover,
previous studies have demonstrated that FAIM2 plays an
important role in proliferation and metastasis of cancer cells.
The low expression of FAIM2 could reduce cell adhesion and
increase sphere growth and migration in NBL, and increased
the metastatic capacity,!'® and the overexpression of FAIM2
can improve the proliferation migration and invasion of lung
cancer cell.?l These evidences suggested that FAIM2 might
affect cancer cell proliferation, angiogenesis and migration
by regulating calcium signaling pathway. Interestingly, we
found that cell cycle was significantly activated and calcium
signaling pathway was significantly inhibited in the FAIM2
high expression group compared to the low expression
group. Therefore, we hypothesized that FAIM2 might affect
MB metastasis through regulated calcium signaling pathway,
which warrants further exploration in the future studies.

Medicine

5. Conclusions

In present study, we have firstly reported the role of FAIM2 in
MB patients. The results indicated that FAIM2 was tightly cor-
related with metastasis in MB patients, and the lower expression
FAIM2 was associated with poor prognosis. Our results provide
more reference information for targeted therapy of MB patients
with metastasis in the future.
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