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Abstract

Background
Glioblastoma (GBM) is the most invasive and common form among brain cancers in adults. GBM is
characterized for its poor survival and markedly high tumors heterogeneity with shortage of effective
therapies. Semaphorins, a family of membrane-associated and secreted proteins, were originally de�ned
as neuronal growth pyramidal proteins involved in directing repulsive axons. Semaphorins are repeatedly
involved in the evolution of neural circuits, involving not only the generation and guidance of neurons, but
also the recognition of target regions and cells and synapse formation. However, the differential
expression and clinical prognostic value of semaphorins in GBM were not yet available clarity.

Methods
In this study, various databases including ONCOMINE (1159 samples), GEPIA (TCGA and GTEx dataset),
UALCAN (samples from TCGA dataset), cBioPortal (604 samples from GDAC �rehose of TCGA dataset),
GeneMANIA(data from publicly available daatbases, e.g. GEO, BioGRID) and TIMER(samples from TCGA)
were exploited.

Results
We found that in GBM tissues the transcriptional levels of SEMA3A/3B/3E/3F/5A/6A were markedly
elevated, while those of SEMA3G/4A/4D/4F/5B were markedly reduced. GBM patients with lower levels
of SEMA3F/4F transcription had a signi�cantly better outcome. The function of semaphorins was mainly
related to the regulation of cell growth and development. Besides, we found that the expression of
semaphorin was signi�cantly correlated with the in�ltration of immune cells.

Conclusions
Semaphroins are differentially expressed in glioblastoma compared with normal brain tissue. They could
provide diverse prognostic values, participate in various molecular pathways. In addition, the semaphorin
protein family plays an important role in immune cell in�ltration. Our study may supply potential target
genes for the treatment of glioblastoma while providing new insights into the selection of prognostic
biomarkers. Besides, our results may offer new insights into immunotherapy targeting and analysis of
protein co-expression in SEMA for glioblastoma.

Introduction
Glioblastoma (GBM) is a primary brain tumor with poor survival (i.e., overall median survival time is one
year[1]). It is characterized for its markedly high tumor heterogeneity[2], and lacking effective therapies
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[3]. The standard treatment currently in use consists of maximal surgical resection of the tumor, which is
followed by precision radiotherapy with adjacent chemotherapy. With the increasing availability of high-
throughput genomic, genetic, and epigenetic data, bioinformatics analysis provides a full range of
molecular mechanisms for the formation and development of GBM. However, with such complex intra-
tumoral molecular heterogeneity, additional therapeutic targets and biomarkers of prognosis must be
identi�ed.

Semaphorins (SEMA), originally identi�ed as neuronal growth cone-fold proteins involved in directing
repulsive axons, are a family of membrane-associated and secreted proteins [4–11]. Semaphorins are
involved in the entire evolution of neural circuits, including the growth and guidance of neurons, the
identi�cation of target regions and cells, and synapse formation.

Although the adjustment of semaphorin receptors remains incompletely understood, the intricate
molecular mechanisms that diversify semaphorin responsiveness and spatiotemporal control have
attracted more attention. The rapid development of next-generation gene sequencing technologies and
the establishment of multiple oncogene databases have made it possible to analyze semaphorins at the
transcriptional and expression levels. In this study, we conducted a bioinformatics analysis of
semaphorins expression in GBM based on several large public databases. Besides, we evaluated their
potential to serve as therapeutic targets and prognostic biomarkers to provide more information for the
management of GBM.

Materials And Methods
ONCOMINE

ONCOMINE provides powerful bioinformatics service at translational level for whole genome expression
analysis [12] This study retrieved data to estimate the expression of semaphorins in GBM with a p-value
of 0.05 and a fold change of 2, with a gene ranking in the top 10% as the threshold of signi�cance. The
differences in the expression of semaphorins in GBM were analyzed using Student's t-test.

UALCAN

UALCAN provides analytical tools based on data retrieved from the Cancer Genome Atlas (TCGA) [13].
Expressional level data of semaphorins were acquired by using UALCAN's "Expression Analysis" module
and the "GBM" dataset. The P-value cut-off point was 0.05 in this study.

GEPIA

GEPIA is a bioinformatics analysis platform developed by Peking University containing RNA sequence
expression data from more than 9000 tumor samples and over 8000 normal tissue samples[14]. This
study utilized the "Single Gene Analysis" module of GEPIA to perform differential expression analysis of
mRNA in glioblastoma and normal tissues and prognostic analysis associated with semaphorins.
Besides, we conducted a multi-gene comparative analysis of semaphorins with the "GBM" dataset in
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"Multiple Gene Comparison" module of GEPIA. All these analyses were conducted with the Student's t-test
and p-values for expression analysis were cut-off value of 0.05.

cBioPortal

The cBioPortal is a website for visualizing and analyzing cancer genomics data from multi-dimensional
angles[15]. Network modules for gene alterations and co-expression were obtained from cBioPortal based
on the TCGA database. 604 glioblastoma samples (TCGA) were analyzed. A z-score threshold of ±2.0
was used to obtain mRNA expression z-scores (RNA Seq V2 RSEM). We set the z-score cutoff to ±2.0 and
get the line expressing the z-scores. 

GeneMANIA 

GeneMANIA, a web-based bioinformatical tool-kit, provides information on gene and protein co-
expression, interactions, pathways, and domain similarities of genes submitted[16].

TIMER

TIMER is an editable visualization tool for the systematic assessment of different immune cell in�ltrates
and their corresponding clinical signi�cance[17]. In this study, the "gene module" was utilized to assess
the relationship between semaphorins levels and in�ltration of immune cells. We used the 'survival
module' to assess the relationship between clinical outcomes and immune in�ltration with expression of
smepahorins.

Results
Aberrant Expression of semaphorins in Patients with GBM

We retrieved twenty semaphorins (SEMA3A, SEMA3B, SEMA3C, SEMA3D, SEMA3E, SEMA3F, SEMA3G,
SEMA4A, SEMA4B, S3MA4C, SEMA4D, SEMA4F, SEMA4G, SEMA5A, SEMA5B, SEMA6A, SEMA6B,
SEMA6C, SEMA6D, SEMA7A) in ONCOMINE. Firstly, the differences of semaphorins at transcriptional
levels in GBM vs. normal brain tissues in ONCOMINE were explored. We can see the preliminary results
from Figure 1 and Table 1. There was a signi�cant increase in the transcription levels of SEMA3A,
SEMA3B, SEMA3E, SEMA3F, SEMA5A, and SEMA6A in GBM vs. normal tissues and a signi�cant decrease
in the transcription levels of SEMA3G, SEMA4A, SEMA4D, SEMA4F, and SEMA5B in GBM and normal
brain tissues. The data is in accordance with previous studies. Lee et al. revealed a signi�cant
upregulation of SEMA3A in the glioblastoma microenvironment[18]. Liang et al. found SEMA3B (p-value
= 5.89E-5) in GBM was signi�cantly elevated with a fold change of 13.262[19] at transcriptional level.
Another similar study conducted by Lee et al. also found the level of SEMA3E and SEMA3F was
increased in GBM[18]. 

The transcriptional levels of SEMA3G in GBM were lower than these in normal brain tissues in the TCGA
dataset (Table 1). The results of Bredel et al. [20]and the TCGA dataset suggested that SEMA4A
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expression in GBM vs. that in normal brain tissues was fallen. SEMA4D[21]in GBM were remarkably lower
at transcriptional levels in the results reported by Murat et al. [21](fold change = -5.566 and p-value =
0.005). The fold change of SEMA4F was -2.690 (p-value =0.001) in the dataset of TCGA and -2.188 (p-
value = 0.003) in the dataset of Bredel et al[20]. In the dataset of TCGA and Murat et al.[21], the
transcriptional levels of SEMA5A in GBM were higher than these in normal brain tissues, while the
transcriptional levels of SEMA5B in GBM were lower than these in normal tissues in the dataset of Lee et
al.[18]. Moreover, signi�cantly increased levels of SEMA6A were found in GBM[21]. We also veri�ed the
difference in expression levels of semaphorins in GBM and normal tissues using UALCAN. SEMA3A
(p=3.90e-03), SEMA3F (p=5.90e-5), SEMA4B (p=7.66e-3), and SEMA4G (p=4.65e-2) had signi�cantly
higher transcriptional levels, while SEMA4A (p=3.78e-2) had reduced transcriptional levels as expected
(Figure 2). Then we made a comparison of the levels of relative expression of semaphorins in GBM. We
found SEMA6A had the highest relative expression of all the semaphorins we evaluated. (Figure3). To
further identify the association between semaphorins and GBM progression and clinical outcomes, we
evaluated all semaphorins that were differentially expressed in GBM versus normal tissues. (SEMA3A,
SEMA3B, SEMA3E, SEMA3F, SEMA3G, SEMA4A, SEMA4D, SEMA4F, SEMA5A, SEMA5B, SEMA6A,). We
excluded SEMA3C, SEMA3D, SEMA4B, SEMA4C, SEMA4G, SEMA6C, SEMA6B, SEMA7A, and SEMA6D
from further analysis because their expression differences in GBM and normal tissues were not
signi�cant enough.

The Prognostic Value of semaphorins in Patients with GBM

We evaluated the correlation between differentially expressed semaphorins and clinical outcomes with
GEPIA to assess the value of differentially expressed semaphorins in GBM progression. And we can see
all these disease-free survival outcomes in Figure 4. Patients with low transcriptional levels seemed to
have longer disease-free survival (SEMA4F (p = 7.4E-4)). We also evaluated the value of different
semaphorins in GBM patients about the overall survival. It was found that GBM clinical cases with low
transcriotion in SEMA3F (p = 0.0013) and SEMA4F (p = 0.0073) were signi�cantly associated with longer
overall survival (Figure 5).

SEMA Family Gene Alteration, Co-Expression, Neighbor Gene Network, and Interaction Analysis in GBM
Patients

A comprehensive molecular characterization of the different semaphorins at expressional levels was
conducted. A temporary dataset from TCGA was used to pro�le genetic alterations in differentially
expressed semaphorins. We found that SEMA3A(3%), SEMA3B(1.2%),  SEMA3D,(2.8%), SEMA3E(3%),
SEMA3F(2.1%), SEMA3G,(1.9%), SEMA4A(2.3%), SEMA4B(1.2%), SEMA4D(2.1%), SEMA4F(2.4%).
SEMA4G(2.1%), SEMA5A(2.8%), SEMA5B(2.6%), SEMA6A(1.4%), SEMA6B(2.4%), and SEMA7A(1.9%)
were altered in the queried GBM samples, respectively (Figure 6). Results from GeneMANIA also revealed
that the differential expressed semaphorins (SEMA3A, SEMA3B, SEMA3C, SEMA3D, SEMA3E, SEMA3F,
SEMA3G, SEMA4A, SEMA4B, SEMA4D, SEMA4F, SEMA4G, SEMA5A, SEMA5B, SEMA6A, SEMA6B and
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SEMA7A) were primarily related to regulation of cell morphogenesis, develpmental cell growth and
regulation of extent of cell growth (Figure 7).

Immune Cell In�ltration of semaphorins in GBM Patients

Semaphorins have been demonstrated to participate in the in�ammatory response and in�ltration of
immune cells, thereby in�uencing clinical outcomes in patients with GBM. In this way, we began to
investigate the relationship between different genes at expressional levels. And we conducted this work
with TIMER database. We found that SEMA3B was positively correlated with the in�ltration of CD4+ T
cells (Cor = 0.205, p = 2.43e-5) at expressional levels. And we found a negative association between
SEMA3E and the in�ltration of B cells (Cor = -0.12, p = 1.41e-2) and positive realationship between
SEMA3E expression and the in�ltration of macrophage (Cor = 0.132, p = 6.87e-3). There was a negative
association between SEMA3F expression and the in�ltration of B cells (Cor =-0.159, p = 1.09e-3), CD8+ T
cells (Cor = -0.108, p = 2.70e-02) and neutrophils (Cor = -0.11, p = 2.41e-02). Accordingly, there was a
positive correlation between the expression of SEMA3G and the in�ltration of B cells (Cor = 0.13, p =
7.90e-03). We found that SEMA4A expression was negatively associated with the in�ltration of CD8+ T
cells (Cor = -0.167, p = 5.85e-4) and positively correlated with in�ltration of CD4+T cells (Cor = 0.096, p=
4.96e-2), neutrophils (Cor = 0.144, p = 3.26e-03) and dendritic cells (Cor = 0.111, p= 2.30e-2). It is found
that the CD8+T cells is lower in immune in�ltration, while SEMA4D is relatively higher (Cor = -0.168, p =
5.71e-4) at expressional levels. We found that SEMA4F expression was negatively associated with the
in�ltration of B cells (Cor = -0.17, p = 4.66e-4) and positively associated with the dendritic cells (Cor =
0.11, p = 2.40e-2). We also found a positive correlation between SEMA5A expression and CD8+ T cells
(Cor =0.24, p = 8.82e-4) and CD4+ T Cells (Cor=0.157, p= 1.323-3) in�ltration. SEMA5B expression is
negatively related with the in�ltration of B cells (Cor=-0.201, p = 2.37e-2) while SEMA5B expression is
positively associated with the macrophages (Cor=-0.176, p= 4.48e-2) in in�ltration. Moreover, SEMA6A
expression was found to have a positive correlation between in�ltration of all immune cell types except
for B cells and dendritic cells. All the related �gures were plotted in the supplement.

Discussion
We �rst explored the expression of semaphorins. 11 genes were found to differentially expressed in GBM
compared to in normal tissues (upregulation of SEMA3A, SEMA3B, SEMA3E, SEMA3F, SEMA5A, and
SEMA6A; downregulation of SEMA3G, SEMA4A, SEMA4D, SEMA4F, and SEMA5B). Patients with GBM
with low expression of SEMA3F and SEMA4F were signi�cantly related to better overall survival, and
patients with low expression of SEMA4F had a signi�cant relationship to both better disease-free survival
and overall survival. These data suggest that different semaphorins at expressional levels could play an
important part in GBM. Datasets from Murat[21] and TCGA suggested that SEMA6A expression is
signi�cantly enhanced in brain tissues. Furthermore, we found that SEMA3A, SEMA4D, SEMA5A and
SEMA7A take a signi�cant part cell morphogenesis about regulation, growth of develpmental cells and
regulation of extent of cell growth from GeneMANIA.
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It is increasingly clear that semaphorins in�uence various cellular processes in the development of the
nervous system, from neuronal migration[22] and axonal trimming[23, 24] to synapse formation and
function[25]. Many effects are dependent on their ability to act as repulsive or attractive proteins that can
control the cytoskeleton[26, 27]. There is growing evidence that various semaphorins are involved in
almost all phases of the physiological and pathological immune response[28]. Semaphorins consists of
a vast family of conserved proteins that are further subdivided into different types of proteins based on
their structure and sequence similarity[1, 29]. The signal of semaphorins is primarily mediated by Plexin
and Neuropilin receptors[30]. Besides, recent studies show that the development of neurons can be
in�uenced by semaphorins through downstream targets. Although semaphorins are most well-known for
their role in the development and growth of neurons, their involvement in malignant tumors is receiving
increasing attention. While reviews of semaphorins in cancer[29, 31, 32] and semaphorins as therapeutic
targets[33] are available and detailed elsewhere, the prognostic value and biological function of the
SEMA family have not been well characterized. Previous studies lacked attention to SEMA3F and
SEMA4F, yet we have found the prognostic value of these two proteins in GBM in this study, which we did
not anticipate.

We explored the molecular characteristics of several semaphrins in GBM for some semaphorins are
signi�cantly differentially expressed in GBM. Differentially expressed semaphorins are often genetically
altered in GBM. Glioblastoma tumorigenesis and progression is a complex, multifaceted process in which
genetic alterations play an important role[34]. Diverse correlations between different semaphorins at
expressional levels suggested that some members of semaphorins take a synergistic part in the
tumorigenesis and progression of GBM.

Previous researches have paid much attention to semaphorins in the nervous system, the circulatory
system, and the immune system[35]. A growing body of evidence suggests that the in�ltration of immune
cells may impact tumor progression and recurrence. Besides, the in�ltration of immune cells could serve
as a signi�cant determining factor in response to clinical outcomes[36, 37]. CD4 + T cells recognize
cancer antigens, and activating M1 macrophages can suppress cancer growth[38]. SEMA family
expression was remarkably correlated with the in�ltration of six major types of immune cells: B cells,
CD8 + T cells, CD4 + T cells, macrophages, neutrophils, and dendritic cells, indicating that CXC chemokine
can be used as a prognostic indicator and a re�ection of status in immune system.

This study has some limitations. The analysis of molecular interactions could be performed more
intensively and elaborately. In addition, another independent cohort could be performed to verify our
results.

Conclusion
We analyzed the differences of transcriptional and expressional levels, prognostic values, and immune
cell in�ltration of all of the SEMA family members using the Oncomine database, UCLAN, GEPIA,
cBioPortal, GeneMAINA and TIMER. Among all the semaphorins available on these databases, we
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revealed that the mRNA expression levels of SEMA3A, SEMA3B, SEMA3E, SEMA3F, SEMA5A, and
SEMA6A were upregulated; while SEMA3G, SEMA4A, SEMA4D, SEMA4F, and SEMA5B were
downregulated in the GBM microenvironment. Further analysis indicated that patients with low
expression of SEMA3F and SEMA4F were related to better overall survival and patients with low
expression of SEMA4F were signi�cantly related to better disease-free survival, suggesting that the two
genes may be potential targets in the future chemotherapy.

Eleven SEMA members were signi�cantly correlated with GBM patients. These eleven SEMA proteins
especially SEMA3A, SEMA4D, SEMA5A and SEMA7A take an important part in the regulation of cell
morphogenesis, developmental growth and regulation of extent of cell growth. Besides, we found that
SEMA family expression was remarkably related to the in�ltration. More sophisticated mechanism
studies and large-data clinical trials remain to be implemented to explore the more detailed function of
the SEMA family in GBM. Every SEMA member might show its functions through different kinds of signal
pathways.

n future research, we can pay more attention to the transcription, expression and prognosis of SEMA3F
and SEMA4F and GBM. In conclusion, our study provides new insights to precisely design new
immunotherapies to help clinicians select appropriate targeted agents and prognostic biomarkers for
GBM patients to more accurately select cost-effective therapies.
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semaphorins CANCER TYPE FOLD CHANGE P-VALUE T-TEST REFERENCES PMID

SEMA3A GBM 2.553 7.81E-5 4.168 16697959

SEMA3B GBM 13.262 5.89E-5 8.947 15827123

SEMA3E GBM 12.146 0.014 4.338 16697959

SEMA3F GBM 3.106 3.79E-05 9.604 16697959

SEMA3G GBM -2.470 1.00E-03 -3.890 TCGA

SEMA4A GBM -2.364 2.00E-03 -5.072 16204036

  GBM -7.051 1.00E-03 -6.124 TCGA

SEMA4D GBM -5.566 0.005 -5.394 18565887

SEMA4F GBM -2.690 1.00E-03 -6.410 TCGA

  GBM -2.188 3.00E-03 -4.466 16204036

SEMA5A GBM 2.485 3.51E-5 7.550 18565887

SEMA5B GBM -2.917 4.55E-14 -16.775 16697959

SEMA6A GBM 2.439 0.004 3.528 TCGA

  GBM 2.134 0.002 5.315 18565887

Figures

Figure 1

mRNA levels of semaphorins in GBM. The number of datasets is shown with statistically signi�cant
mRNA over-expression (red) or down-regulated expression (blue) of semaphorins (ONCOMINE).
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Figure 2

Transcriptional of semaphorins in GBM (UALCAN). The transcriptional levels of SEMA3A, SEMA3F,
SEMA4B, and SEMA4G in GBM tissues were signi�cantly elevated, while SEMA4A was reduced with p-
value at 0.05.
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Figure 3

The relative expression of SEMA in GBM (GEPIA).
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Figure 4

The value of prognostication of semaphorins in different expressional levels in GBM. And this is the
disease-free survival curve (GEPIA).
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Figure 5

The value of prognostication of semaphorins in GBM patients in the over-all survival curve (GEPIA).

Figure 6
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Genetic alteration. The summary of alterations in differentially expressed semaphorins in GBM.

Figure 7

The correlation map of differentially expressed semaphorins in GBM.
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