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Abstract
Background

Glioblastoma (GBM) is the most aggressive and most lethal primary malignant brain tumor, the 5-year
survival rate of which is less than 5%. Novel potential molecular and mechanism of GBM need to
investigate.

Materials and methods

Microarray data of GSE15824 was downloaded from GEO. Differentially expressed genes and lncRNAs
were screened by Limma package in R studio, and pathway enrichment analysis was performed by
clusterpro�ler package in R studio and IPA. The ceRNA mechanism was analyzed and predicted by
several kinds of online public databases.

Results

There were 567 differentially expressed genes and 121 differentially expressed lncRNAs in GBM. And
differentially expressed genes were mainly enriched in Tuberculosis, Staphylococcus aureus infection,
Systemic lupus erythematosus, Basal cell carcinoma, TGF-beta signaling pathway and p53 signaling
pathway. Besides, Neuroin�ammation signaling pathway, Role of NFAT in regulation of the immune
response, and Dendritic cell maturation were signi�cantly activated in GBM. According to the analysis of
target miRNAs of SEM4D and OSER1-AS1, a possible ceRNA mechanism OSER1-AS1/hsa-miR-
520h/SEMA4D axis was predicted in GBM.

Conclusion

Bioinformatics analysis was employed to analyze GSE15824 chip, and predict the potential mechanism.
The results revealed that the ceRNA mechanism, OSER1-AS1/hsa-miR-520h/SEMA4D axis, might play a
vital role in GBM.

Background
Glioblastoma (GBM) is the most aggressive and most lethal primary malignant brain tumor in central
nervous system (1), which is characterized by genetic and epigenetic variation among tumor cells (2).
GBM has three transcriptional subtypes: proneural (PN), classical, and mesenchymal (MES), among
which, PN cells are considered as the precursor of GBM (3). At present, radiotherapy and chemotherapy
are the mainly treatments for GBM, targeting proliferating tumor cells and inducing effective toxic side
effects by damaging normal proliferating cells (4). In addition, according to the ability of surgeons to
distinguish cancerous and non-cancerous tissues, extended resection without neurological de�cits after
surgery is still a vital component to improve the prognosis of patients (5). However, due to the histological
heterogeneity, GBM can’t be completely eradicated, resulting in recurrence (5). Because of the blood-brain
barrier (BBB), the drug accessibility is extremely low (6). Moreover, the increase of genomic heterogeneity
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caused by new mutations in tumor results in the development of drug resistance, which restricts the long-
term e�cacy of treatment (7). The average survival time of GBM is only 15 months (1), and the 5-year
survival rate is less than 5% (8). Therefore, it is necessary to investigate molecule target and potential
molecular mechanism of GBM and develop novel treatment strategies.

Semaphorins are an extended and various family of secretory or membrane-related glycoproteins de�ned
by the domain of cysteine-rich semaphorin proteins, which were �rst recognized in the central nervous
system and found to act as the repulsive guidance molecules of axon (9). However, recent researches
have shown that semaphorins regulate not only the morphology of cells, but also the functions of cell
division, proliferation and differentiation (10). Semaphorin4D (SEMA4D), which is originally described as
CD100 antigen in immune cells (11), is a glycoprotein belonging to the class IV of semaphorin family, and
can exist in secreted or membrane-bound form (12). Besides, SEMA4D is also the �rst member of
semaphorin family to be found to have immunomodulatory activity (11). There are currently 3 cellular
receptors identi�ed as SEMA4D: plexin B1 (PLXNB1), plexin B2 (PLXNB2), and CD72 (13). SEMA4D
binding to PLXNB1, a high a�nity (1 nM) SEMA4D receptor, induces endothelial cell migration and
activation, and promotes tumor cell migration (14, 15). Besides, it also induces neuronal growth cone
collapse, neural precursor cell apoptosis and processes of oligodendrocytes extension collapse and
apoptosis (16–18). PLXNB2 is an intermediate a�nity receptor of SEMA4D, which mainly binds to
SEMA4C and is considered to participate in the repair of epidermal wounds (19). CD72 binds to SEMA4D
with low a�nity (KD = 300 nM), which seems to serve as a negative regulator of B cell response by
tyrosine phosphatase SHP-1 (20, 21). Studies have shown that SEMA4D is highly expressed not only in
the most solid tumor cell membranes and tumor-associated macrophages (TAMs) such as breast,
prostate, and colon, but also in tumor stroma (22). However, few researches have been conducted on the
role of SEMA4D in GBM, the effects of SEMA4D on GBM are unclear, and the molecular mechanism is
unstudied.

Based on the Human Genome Project and the emergence of high-throughput genome technology,
biomedical research in the past two decades has produced plenty of diverse biological datasets (23).
Gene expression pro�ling building on microarray is widely used in cancer research to authenticate
biomarkers that may be contributed to clinical diagnosis, prognosis or treatment response (24). In this
study, the data from GSE15824 was subjected to differential expression analysis, pathway enrichment
analysis, and the correlation analysis between mRNAs and mRNAs or mRNAs and lncRNAs. In addition,
built on the public databases, OSER1-AS1/hsa-miR-520 h/SEMA4D was predicted to be the possible
competing endogenous RNAs (ceRNA) mechanism in GBM.

Materials And Methods
Microarray analysis

The data of GSE15824 chip, which based on the platform GPL570 (Affymetrix Human Genome U133
Plus 2.0 Array) were downloaded from Gene Expression Omnibus (GEO) database, including 45 samples.
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12 primary GBM samples as the tumor group and 3 normal human astrocytes as the control group were
analyzed in this study.

Screening of differentially expressed genes and lncRNAs

The differentially expressed genes and lncRNAs were conducted by using the Limma package in R studio.
After the data were normalized, the clustering analysis was performed and the genes or lncRNAs with
differential expression were screened. The differentially expressed genes were screened under the
standard |log10 Fold Change| > 6, adjust P value < 0.0.5, and the differentially expressed lncRNAs were
screened under the standard |log10 Fold Change| > 2, adjust P value < 0.0.5.

Pathway enrichment analysis

The Gene Set Enrichment Analysis (GSEA) was performed built on the gene set of Kyoto Encyclopedia of
Genes and Genomes (KEGG) (gseKEGG) by the clusterpro�ler package of R studio. The threshold values
were set as P < 0.05 and counts > 2.

Ingenuity Pathway Analysis

The Ingenuity Pathway Analysis (IPA) software was used to analyze the distribution of differentially
expressed genes in classical pathways. Z-score > 0 indicated that the pathway was activated in GBM,
whereas Z-score < 0 suggested that the pathway was inhibited. |Z - score| > 2 is considered statistically
signi�cant. In addition, the mRNA-mRNA correlation network was also obtained by IPA.

ceRNA mechanism prediction

The ceRNA mechanism was analyzed and predicted by several kinds of online public databases. The
miRNAs targeted mRNA SEMA4D were predicted by Starbase, miRmap and miRTarbase database, and
then the online tool Venny was employed to screen out miRNAs contained in these three database. The
miRNAs targeting lncRNA OSER1-AS1 were predicted by Starbase. Finally, the miRNA that targeted
SEMA4D as well as OSER1-AS1 was also screened by Venny.

Results
The expression pro�le of differential genes and lncRNAs in GBM.

For purpose of identifying genes that may plan a vital role in GBM, the chip GSE15824 from GEO
database was analyzed by using R studio. Limma package was employed to analyze differentially genes
and lncRNAs. All the differentially expressed genes in GBM were presented in Figure 1A and
Supplementary table 1, including 369 upregulated genes and 198 downregulated genes, and the top 421-
435 differentially expressed genes were shown in Figure 1B. It was found that SEMA4D was highly
expressed in GBM. Besides, there were 121 differentially expressed lncRNAs in GBM (Figure 2A and
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Supplementary table 2), among which 46 were highly expressed and 65 were poorly expressed, and
Figure 2B showed the top 1-20 of differentially expressed lncRNAs.

Pathway enrichment based on gesKEGG was performed.

Pathway enrichment was performed by the clusterpro�ler package in R studio, and the top 8 activated
and top 8 suppressed signaling pathways were presented in Figure 3A. The results revealed that
differentially expressed genes were mainly enriched in Tuberculosis, Staphylococcus aureus infection,
Systemic lupus erythematosus, Basal cell carcinoma, TGF-beta signaling pathway and p53 signaling
pathway. In addition, not only was the correlation between enrichment signaling pathways evaluated, as
shown in Figure 3B, but also the correlation between enrichment signaling pathways and differentially
expressed genes was analyzed, as shown in Figure 3C. Furthermore, the results in Figure 3C indicated
that upregulated genes were mainly contributed in Tuberculosis, Staphylococcus aureus infection,
Systemic lupus erythematosus, Neuroactive ligand-receptor interaction, Renin secretion, Alzheimer
disease, Amyotrophic lateral sclerosis (ALS) and Vasopressin-regulated water reabsorption, while the
downregulated genes were mainly involved in TGF-beta signaling pathway and Basal cell carcinoma.

The molecular correlation network about SEMA4D.

Ingenuity Pathway Analysis (IPA) software was employed to demonstrate the signi�cant enrichment of
differentially expressed genes in canonical pathways, the results of which suggested that
Neuroin�ammation signaling pathway, Role of NFAT in regulation of the immune response, and Dendritic
cell maturation were signi�cantly activated in GBM (Figure 4A). The correlation between SEMA4D and
differentially expressed genes was also analyzed by IPA. It was found that SEMA4D might affect more
genes by acting on genes PTPRC, HLA-DQB1 and CCL2 (Figure 4B). Moreover, the co-expression network
of SEMA4D and differentially expressed lncRNAs was analyzed and visualized by the Cytoscape
software (Figure 4C). 10 upregulated lncRNAs in GBM were demonstrated to be correlated to SEMA4D.

Prediction of possible ceRNA mechanisms related to SEMA4D in GBM.

In order to investigate the possible ceRNA mechanisms related to SEMA4D in GBM, the miRNAs targeting
SEMA4D were predicted using Starbase, miRmap and miRTarbase public databases. There were 135
miRNAs targeting SEMA4D in Starbase, 1025 in miRmap and 26 in miRTarbase. However, only 4 miRNAs
(hsa-miR-381-3p, hsa-miR-335-5p, hsa-miR-520h and hsa-miR-300) were overlapped in 3 databases
analyzing by Venny (Figure 5A). Combined with the miRNAs targeting lncRNA OSER1-AS1 in Starbase
(Supplementary table 3), it was found that hsa-miR-520h not only targeted SEMA4D, but also was a
target miRNA of lncRNA OSER1-AS1. What’s more, the target sites between OSER1-AS1 and hsa-miR-
520h, or hsa-miR-520h and SEMA4D were predicted by Starbase (Figure 5B). All of the results indicated
that OSER1-AS1/hsa-miR-520h/SEMA4D axis was a possible ceRNA mechanism in GBM.

Discussion
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Glioblastoma (GBM) is the most common aggressive primary brain tumor originating from the central
nervous system (CNS) and also one of the deadliest malignancies (25). The current treatment of GBM
includes a combination of surgery, radiotherapy and chemotherapy, and the standard chemotherapy drug
in use is temozolomide (TMZ). Nevertheless, on account of the high drug resistance rate to treatment and
recurrence rate of GBM patients, the overall survival is poor, with only a median survival period of about
15 months (26). Hence, the novel therapeutic target and treatment strategy should be investigated.

In the present study, the data from GSE15824 building on GEO were employed to analyze the signi�cant
differential gene expression pro�les and differentially expressed lncRNAs by Limma package in R.
SEMA4D, a member of semaphorin family, was demonstrated to be a signi�cantly upregulated gene in
GBM. There were already some researches that reported that SEMA4D was upregulated in multiple types
of cancer, including colon, prostate, breast, head, and neck carcinomas (27). Studies by John R. Basile et
al. revealed that the size and vascular distribution of head and neck squamous cell carcinomas (HNSCC)
tumor xenografts could be signi�cantly reduced after SEMA4D knockdown (28). Besides, SEMA4D also
promoted the cytotoxic activation of microglia and suppressed functional recovery after cerebral
ischemia (29). Moreover, SEMA4D damaged the integrity of blood-brain barrier and promoted
in�ammatory response by binding to PlexinB1 after transient middle cerebral artery occlusion (30). Yun
Zhang et al. indicated that SEMA4D was highly expressed in NK cell line, NK92, and the interaction
between SEMA4D and Plexin-B1 played a crucial part in NK cell-mediated cytotoxicity against glioma
cells (31). However, the further mechanism of SEMA4D in GBM has not been reported.

The signaling pathways enrichment based on GSEA in the present study suggested that genes
upregulated in GBM were mainly contributed in Tuberculosis, Staphylococcus aureus infection, Systemic
lupus erythematosus, Neuroactive ligand-receptor interaction, Renin secretion, Alzheimer disease,
Amyotrophic lateral sclerosis (ALS) and Vasopressin-regulated water reabsorption, while the
downregulated genes were major in TGF-beta signaling pathway and Basal cell carcinoma. IPA software
was employed to demonstrate the signi�cant enrichment of differentially expressed genes in canonical
pathways, the results of which suggested that Neuroin�ammation signaling pathway, Role of NFAT in
regulation of the immune response, and Dendritic cell maturation were signi�cantly activated in GBM.
Guanlin Li et al. demonstrated that the crosstalk between SEMA4D and Met could activate Met signaling
and promote the invasion and differentiation of trophoblasts (32). Furthermore, SEMA4D could activated
the RhoA/ROCK pathway, and the modulation of SEMA4D/PulnB1 blocked tumor blood supply through
vasulogenic mimicry formation, which ultimately inhibited the growth and metastasis of non-small cell
lung cancer (NSCLC) (27). There was also one report indicating that SEMA4D promoted cell proliferation
and metastasis in bladder cancer by activating the PI3K/AKT pathway (33).

The RNA-mRNA correlation network indicated that SEMA4D was at the center position, which suggested
that SEMA4D might play an important role in GBM by regulating other genes. In addition, the mRNA-
lncRNA correlation network revealed that there were some differentially expressed lncRNAs in GBM which
were positively or negatively correlated with SEMA4D expression, and OSER1-AS1 was one of the
upregulated lncRNAs. LncRNAs (long noncoding RNAs) are a kind of ncRNAs with more than 200
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nucleotides in length, which have no coding ability for proteins (34). LncRNAs can regulate gene
expression either in cis or in trans by directly impacting the sequences of the promoters or enhancers of
target genes, or through in�uencing long-distance genes with other helper molecules (35). Besides,
lncRNAs can also impress the protein concentrations produced by target genes partly through affecting
the stability or the translational e�ciency of mRNA (36). There was a study that con�rmed that lncRNA
OSER1-AS1acted as a ceRNA to promote hepatocellular carcinoma progression by regulating miR372-
3p/Rab23 axis (37). The ceRNA (competing endogenous RNA) has been proposed and studied in recent
years. Tay et al. indicated that in the hypothesis on ceRNA, diverse molecular, such as lncRNAs, circRNAs,
and mRNAs competed to bind to a speci�c molecular target, miRNA (microRNA), thus modulating miRNA
activity (38). miRNAs were other types ncRNAs, which were highly conserved among species, regulate
gene expression through binding to the 3'-untranslated region of target mRNAs and play central roles in
the ceRNA hypothesis (39). Qixue Wang et al. has indicated in their research that lncRNAs competed with
target mRNA to bind miRNA, or served as “miRNA sponges”, which indirectly suppressed the regulation of
miRNAs on their target mRNA, thus impacting the biological behaviors of tumor cells (40). By analyzing
the prediction results of miRNAs targeting SEMA4D built on Starbase, miRmap, and miRTarbase public
database, it was found that there were 4 co-miRNAs: hsa-miR-381-3p, hsa-miR-335-5p, hsa-miR-520 h and
hsa-miR-300. Combined with the prediction results of lncRNA-target miRNAs, we proposed a possible
ceRNA mechanism, that is, OSER1-AS1/hsa-miR-520 h/SEMA4D, which might play a vital role in the
progression of GBM.

Conclusions
In summary, the data from GSE15824 was subjected to bioinformatics analysis, and the correlation
analysis between mRNAs and mRNAs or mRNAs and lncRNAs was performed built on the public
databases. OSER1-AS1/hsa-miR-520 h/SEMA4D was predicted to be the possible ceRNA mechanism in
GBM. However, the speci�c effects of SEMA4D on GBM should be further investigated in vitro and vivo.
Besides, the ceRNA mechanism of OSER1-AS1/h-miR-520 h/SEMA4D axis should be con�rmed in GBM.
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Figure 1

The differentially expressed genes between GBM and normal astrocytes. (A) All of the differentially
expressed genes. (B) Top 421-435 differentially expressed genes.
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Figure 2

The differentially expressed lncRNAs between GBM and normal astrocytes. (A) All of the differentially
expressed lncRNAs. (B) Top 1-20 differentially expressed lncRNAs.
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Figure 3

The signaling pathway enrichment was analyzed based on gseKEGG. (A) The enriched signaling
pathways were presented by dotpolt. (B) The enrichment map showed the relevance between the enriched
signaling pathways. (C) Connect plot revealed the connection between signi�cantly activated or
suppressed signaling pathways and differentially expressed genes.
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Figure 4

The canonical pathway and correlation analysis were performed. (A) Signi�cant enrichment of
differentially expressed genes in canonical pathways. Orange indicates that the pathway is activated (z-
score > 0), while blue indicates that the pathway is inhibited (z-score < 0). (B) The correlation between
differentials expressed genes. Pink represents upregulation of mRNAs, and the cyan represents
downregulation of mRNAs. (C) Co-expression network between SEMA4D and differentially expressed
lncRNAs. Pink circles represent upregulation of lncRNAs, and the blue circles represent downregulation of
lncRNAs.
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Figure 5

miRNAs targeting SEMA4D were screened and predicted possible ceRNA mechanisms. (A) miRNAs
targeting SEMA4D were screened by Venny based on Starbase, miRmap and miRTarbase databases. (B)
The target sites between lncRNA OSER1-AS1 and miR-520h as well as miR-520h and SEMA4D were
predicted.
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