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Prognostic biomarker SYK and its correlation
with immune infiltrates in glioma
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Abstract. The tumor microenvironment (TME) provides
excellent conditions for the development of glioma. The
present study sought to identify the prognostic factors of
glioma that could be used to improve the prognosis of patients
with this disease. In the present study, Cell-type Identification
by Estimating Relative Subsets of RNA Transcripts
(CIBERSORT) and Estimation of Stromal and Immune cells
in Malignant Tumor tissues using Expression data calcula-
tions were employed to estimate the ratio of tumor-infiltrating
immune cells and the quantity of immune and stromal compo-
nents in 698 glioma cases from the Cancer Genome Atlas
database. In addition, certain differentially expressed genes
were studied by Gene Ontology and Kyoto Encyclopedia of
Genes and Genomes analyses and single genes associated
with prognosis were identified by protein-protein interaction
(PPI) network and Cox combined analysis. The immune
and stromal scores of the TME were significantly associated
with glioma patient survival. By using the PPI network and
Cox regression analyses, spleen tyrosine kinase (SYK) was
eventually identified as the best prognostic factor for patients
with glioma. In addition, Gene Set Enrichment Analysis and
CIBERSORT analyses were employed. The former indicated
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that the high-expression SYK group genes were mainly
enriched in immune-related activities. The latter revealed
that SYK expression was positively associated with T cell
cluster of differentiation 4 memory resting and monocytes.
The aforementioned experimental analyses provided the
theoretical basis for the biological prediction of SYK. The
data indicated that SYK contributed to immune predictors in
patients with glioma by facilitating the shift of the TME from
immune dominance to metabolic activity. Finally, reverse
transcription-quantitative PCR and western blotting were used
to verify the single gene expression in glioma cells. This may
provide prognostic value for the treatment of glioma.

Introduction

Among all intracranial tumors, the incidence of glioma is
relatively high, accounting for ~80% of the cases with this
disease (1). In addition, glioma is a challenging disease to
be treated by surgery (total removal) and the prognosis is
relatively poor with common recurrence of the tumor. Due
to differences in age, gender and other reasons, the incidence
of glioma also differs (2). In spite of the use of multimodal
therapy, such as surgical excision, complete resection is consid-
ered to be impossible since a large amount of brain tissue is
involved. In addition, due to the strong resistance of glioma to
chemotherapy, its aggressiveness and the unique pathophysi-
ological characteristics of the central nervous system (3), the
recurrence rate of this disease approaches 100%. Therefore,
screening influential prognostic factors is considered to be an
effective solution to the aforementioned problems.

In addition, accumulating evidence has revealed the impor-
tance of the tumor microenvironment (TME) in the trend of
tumor growth (4,5). The synergistic interaction between cancer
and their supporting cells leads to the immortal status of
cancer cells resulting in uncontrolled proliferation, resistance
to apoptosis and evasion of immune surveillance, all of which
comprise the malignant phenotypes of cancer. Therefore, the
treatment response and clinical outcome of patients with cancer
are significantly affected by the TME (6,7). The structural
components of the TME mainly consist of host stromal cells
and recruited immune cells. By studying the interaction of the
TME with its various components it is possible to combine the
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traits of tumor cells with the TME mechanism, leading to the
identification of novel biomarkers and potential drug targets
for biotherapy (7). The TME mesenchyma is a genetically
stable therapeutic target, unlike tumor cells that constantly
mutate. The infiltrating immune cells are mainly composed
of macrophages and monocytes and are deemed to exhibit
tumor-promoting and immunosuppressive functions (8). The
tumor-infiltrating immune cells (TICs) are markedly related to
glioma cells. A previous study has indicated that the TICs of
TME are a prospective indicator of a curative effect (9).

Based on bioinformatics analysis, an optimal biomarker for
biological prediction was developed as a prognostic indicator.
This biomarker was termed spleen tyrosine kinase (SYK),
a non-receptor type of protein tyrosine kinases in the Src
family (10). SYK has been widely reported in various hemato-
poietic malignancies and certain primary epithelial tumors as a
pro-survival factor; it has been detected in several cell types, such
as melanocytes, human nasal fibroblasts and liver cells (11-13).
However, a limited number of reports have investigated the role
of SYK in glioma (14). In the present study, it was hypothesized
that SYK was also involved in the pathogenesis of glioma and
that SYK intervention may be pivotal in delaying the deterio-
ration of glioma and improve the prognosis of these patients.
Therefore, an in-depth study was conducted on the differential
genes between the immune and the matrix components in
glioma specimens in order to explore the potential impact of
this biomarker in the TME of glioma.

Materials and methods

Data preparation. The transcriptome RNA-sequencing data
were available in the Genomic Data Commons (GDC) portal
of The Cancer Genome Atlas (TCGA) GDC official website
(https://portal.gdc.cancer.gov/). The data corresponding to
698 patients with glioma and their mRNA expression levels
were obtained.

Acquisition of immune and stromal scores and Estimation
of STromal and Immune cells in MAlignant Tumor tissues
using Expression data (ESTIMATE) score. The ratio of the
immune-stromal component of each sample in the TME was
computed by the R language (version 3.6.2; r-project.org/)
using ESTIMATE (15). The ratio was expressed in three
different forms, including the immune score, the stromal score
and the ESTIMATE score, which were positively associated
with the proportion of immune and stromal cells and the sum
of the two, respectively; this indicated that as the score for
each component increased, their corresponding component
accounted for a more significant proportion of the TME.

Survival analysis. Survival analysis was performed using the
R language (version 4.0.1; https:/www.r-project.org/) survival
and survminer packages. The ggsurvplot function was used
to plot the survival curve. A total of 510 out of 698 tumor
samples had detailed survival records ranging from 0-12
years that could be selected to conduct survival analysis. The
Kaplan-Meier method was used to depict the survival spline
and the logarithmic rank was utilized to assess the statistical
significance. P<0.05 was considered to indicate a statistically
significant difference.

Discrepancy analysis of scores with clinicopathological
stages. The clinical data received from the glioma samples were
obtained from the TCGA database. The data were analyzed by
R. In addition, Wilcoxon rank sum or Kruskal-Wallis's rank
sum tests were regarded as the important tests according to the
count of the clinical stages for comparison.

Heatmaps. The heatmaps of the differentially expressed genes
(DEGs) were generated using the R language with package
pheatmap. In this way, the results could be divided into
high-expression and low-expression groups.

Analysis of DEGs in the immune and stromal scores between
high-score and low-score groups. The immune and stromal
scores were compared with the median scores and 698 tumor
samples were marked with high or low scores. The R language
with the Limma package (16) (http://www.bioconductor.
org/packages/release/bioc/html/limma.html) was applied
to analyze gene expression differentiation; the DEGs were
obtained by comparing the high-score with the low-score
samples. The log2 values obtained from the high-score
compared with the low-score groups of DEGs were converted
into decimals and fold change (FC). A result >1 and a false
discovery rate (FDR) <0.05 were considered meaningful.

Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) enrichment analyses. The Database for
Annotation, Visualization and Integrated Discovery database
(http://david.ncifcrf.gov) merges biological data and analysis
tools that can be used for genetic difference analysis as well
as pathway enrichment. A total of 1,438 DEGs were outlined
with GO and KEGG (genome.jp/) enrichment analyses
using cluster profile, enrichplot and ggplot2 package in the R
language. Only the results with P-value and g-value of <0.05
were considered to be markedly enriched.

Protein-protein interaction (PPI) network and Cox regression
analyses. The Search Tool for the Retrieval of Interacting
Genes/Proteins (STRING) database (http://string-db.org/) was
employed to establish the PPI network and subsequently the
Cytoscape version 3.7.2 was used to reestablish the network.
The network was constructed by using nodes with the confi-
dence of interaction >0.95. In addition, the intersection of
the previous 30 genes in the PPI network was selected as an
example and the univariate Cox regression study was analyzed
using the survival package in R language.

Gene set enrichment analysis (GSEA). GSEA is a reliable
and practical gene analysis method (17), which confirms the
correlation between the target gene required and the signal
transduction pathway by ranking the target gene's high- and
low-expression status. GSEA analysis included the total
transcriptome of the entire tumor samples and only the gene
sets with NOM P<0.05 and FDR q<0.06 were regarded as
exceptional.

Cell culture. The present study used U87 as tumor cells and
HEB as normal cells; HEB and U87 cells (ATCC HTB-14)
were purchased from the American Type Culture Collection.
The U87 cell line has been analyzed and verified by STR
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(Haixing Biosciences Co., Ltd). The cells were cultured at
37°C in 5% CO, in a mixture of DMEM (Gibco; Thermo
Fisher Scientific, Inc.) with 10% FBS (Gibco; Thermo
Fisher Scientific, Inc.) and cultured in an incubator WH-400
(Wiggens GmbH).

Reverse transcription-quantitative (RT)-qPCR. A total of
1x10° cells used for RT-gPCR, TRIzol® reagent (Invitrogen;
Thermo Fisher Scientific, Inc.) was used for total RNA
extraction, RNA reversed transcription using Takara
PrimeScript RT reagent kit (Takara Biotechnology Co., Ltd.)
and analyzed by RT-qPCR using Takara TB Green Premix
Ex Taq II (Takara Biotechnology Co., Ltd.) in Bio-Rad iQ5
system (Bio-Rad Laboratories, Inc.). The following thermo-
cycling conditions were used for qPCR: Initial denaturation
at 95°C for 1 min, 40 cycles at 95°C for 5 sec, 60°C for
30 sec and 72°C for 20 sec. All samples used B-actin as an
internal reference and the results were quantified for rela-
tive expression by the 2-44%4 method (18). RNA extraction,
cDNA synthesis and qPCR were performed according to the
manufacturer's protocols; these experiments replicated three
times. The primers were as follows: SYK forward, 5'-CTG
TCGGTGGCTGCCTTTGAC-3' and reverse, 5-TGTGGA
GGGTGAGTCCTGGG-3'"; p-actin forward, 5'-TGGCAC
CCAGCACAATGAA-3' and reverse, 5-CTAAGTCAGAGT
CCGCCTAGAAGCA-3..

Western blotting. HEB and U87 were collected, the total
cellular protein was extracted by adding RIPA lysis buffer
(Beijing Solarbio Science & Technology Co., Ltd.) and the
protein concentration was determined by the BCA method
(Beijing Solarbio Science & Technology Co., Ltd.). The
total protein (50 pg/per lane) from each sample was sepa-
rated using 10% SDS-gel. The proteins were separated by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and then transferred onto a PVDF (Roche
Diagnostics GmbH). After being blocked with 5% (w/v)
skimmed milk for 2 h at room temperature, followed by
incubation with the primary anti-SYK antibodies (1:1,000;
cat. no. A2123; ABclonal Biotech Co., Ltd.) and anti-B-actin
antibodies (1:4,000; cat. no. AY0573; Shanghai Abways
Biotechnology Co., Ltd.) overnight at 4°C. Following
incubation with goat anti-rabbit IgG/HRP (1:1,000;
cat. no. ab131368; Abcam) and goat anti-mouse IgG/HRP
conjugated secondary antibodies (1:1,000; cat. no. SE131;
Beijing Solarbio Science & Technology Co., Ltd.) for 2 h at
room temperature, targeted bands were developed using the
BeyoECL Plus kit (MilliporeSigma) and the grayscale values
of each band were analyzed by Image J software (version 2.0,
National Institutes of Health) and assessed semiquantita-
tively.

Statistical analysis. Experiments were statistically evalu-
ated using GraphPad Prism 8.0 (GraphPad Software, Inc.)
and the results are presented as mean + standard devia-
tion (SD). Unpaired Student's t-test was used to evaluate
differences between groups. Pearson's correlation coef-
ficient was utilized to analyze the correlation. P<0.05
was considered to indicate a statistically significant
difference.

Results

Association of survival with the score of patients with glioma.
To ascertain the association between immune and stromal
estimate ratio and the survival rate, survival analysis was
performed for the immune score, stromal score, as well as
for the ESTIMATE score, using the Kaplan-Meier survival
analysis. The counts of the immune or stromal components
of the TME were expressed as estimates in the immune score
or stromal score. In comparison with the median, patients
with glioma were segmented into high and low groups. The
results indicated that the scores of the immune and stromal
cell contents were markedly associated with the survival of
patients with glioma (Fig. 1A-C). In brief, the data revealed
that the immune, stromal and estimate components of the
TME were more appropriate indicators of the prognosis in
patients with glioma (P<0.01).

Association of the score with the clinicopathological stage
of patients with glioma. The clinical information of patients
with glioma in the TCGA database was obtained to ascertain
the association between immune and stromal components
and the clinicopathological traits. The results found that
the immune scores of patients >65 years were significantly
higher than those of patients <65 years (Fig. 2A) and the
immune scores of patients with G3 grade were significantly
higher than those of G2 grade (Fig. 2C). It was noteworthy
that there was little association with sex. However, stromal
scores were positively associated with tumor age and grade
(Fig. 2D and F), sex had less influence on stromal scores
(Fig. 2E). All the results further indicated that the quantity
of immune and stromal components was relevant to glioma
evolution, such as age and grade. However, there was little
association with sex.

The DEGs shared by the immune and stromal scores are prin-
cipally enriched in immune-related genes. Comparative analyses
of high- and low-score samples were performed to ensure the
substantial variation in the gene profiles of the immune and
stromal components of the TME. Compared with the median,
1,655 DEGs were selected in the high- and low-score samples of
the immune score. A total of 1,026 upregulated and 629 down-
regulated genes were identified in all gene sets (Fig. 3A, C and D).
By analogy, 1,813 DEGs were acquired in the stromal score, with
1,204 upregulated and 609 downregulated genes (Fig. 3B and D).
The intersecting point analysis of the Venn plot indicated that 950
upregulated genes overlapped in the aggregate in the immune
score and stromal score analysis, whereas 488 downregulated
genes overlapped in the same type of analysis. These genes (a
total of 1,438 genes) may influence the status of the TME. During
KEGG enrichment analysis, neuroactive ligand-receptor interac-
tion, cytokine-cytokine receptor interaction and tuberculosis
enrichment were shown (Fig. 3E). From GO enrichment analysis,
it was concluded that the DEGs identified were mainly consistent
with the GO terms regarding immunity. For example, the terms
neutrophil activation, neutrophil-mediated immunity and leuko-
cyte migration were highlighted (Fig. 3F). Therefore, the entire
function in DEGs was seemingly connected with immune-related
activities, which confirmed that the existence of immune factors
had an influence on the TME of patients with glioma.
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Figure 1. Association between score and survival in patients with glioma. (A) Kaplan-Meier survival spline of immune score with P<0.01. (B) Kaplan-Meier
survival spline of stromal score with P<0.01. (C) Kaplan-Meier survival spline of ESTIMATE score with P<0.01. ESTIMATE, Estimation of STromal and

Immune cells in MAlignant Tumor tissues using Expression data.
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Intersection analysis of the PPI network and univariate Cox
regression analysis. To investigate whether protein interac-

tions /U
FIG.3.tif

sers/e.kouneni/Downloads/ETM-19384-290776/

were present among the 1,438 DEGs, the PPI network was
established using Cytoscape software (3.7.2) according to the
STRING database. Fig. 4A displays the interaction between
genes (confidence interval 0.95); the bar chart indicates the
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Figure 4. PPI network and univariate Cox analysis. (A) Interaction network built by Cytoscape. (B) The previous 30 genes sorted by the count of nodes. (C) Venn
plot indicating the corporate factors intersecting the previous 30 nodes in PPI and the most prominently factors in the univariate Cox regression analysis.
(D) Univariate Cox regression analysis was performed with the common DEGs. PPI, protein-protein interaction; DEGs, differentially expressed genes.

previous 30 genes permutated by the count of nodes (Fig. 4B). A
total of 30 genes were intersected and screened in the PPI and
the genes with a P-value of <0.05 were selected by the univariate
Cox regression analysis (Fig. 4C). To determine the risk value
among the 30 factors, a univariate Cox regression analysis was
performed on patients with glioma. Fig. 4D indicated that only a
limited number of genes exhibited low-risk values.

Association between survival analysis and SYK expression in
patients with glioma. The risk genes ITGAM; CCLS; CCR1,
LYN; SYK; VAV, IL10; CXCLI11; CCR2; LCK and CCL20)
were selected through intersection analysis of the PPI network
and univariate Cox regression analysis. SYK ranked in the
top five of genes identified in the intersection analysis of the
PPI network. SYK demonstrated significance in the univariate
Cox regression analysis. The genes were queried one by one
using gene card (https://www.genecards.org). The analysis
indicated that SYK demonstrated a significant association

with the occurrence and development of tumors (19). SYK has
been extensively studied in the occurrence and development of
breast, pancreatic and colon cancers, as well as in the develop-
ment of other types of tumor. However, the studies that have
examined its role in glioma are not in-depth analyses (20-22).
SYK was finally selected. The data obtained from the TCGA
database indicated that SYK expression was significantly
increased in the tumor group compared with that noted in the
normal tissue group (P<0.001; Fig. 5A). Survival analysis of
SYK indicated that the survival rate of patients with glioma
and low SYK expression was apparently higher compared
with that noted in patients with glioma and high SYK
expression. Moreover, the entire survival of tumor patients
was apparently reduced (Fig. 5B). Multivariate Cox survival
analysis confirmed that a high SYK expression level was an
autocephalous predictor of undesirable prognosis in patients
with glioma (P<0.001). The results indicated that SYK was a
high-risk gene in glioma (Fig. 5C). In summary, these results



EXPERIMENTAL AND THERAPEUTIC MEDICINE 26: 499, 2023

25 P<0.001

20

—_
(&)
|

SYK expression
)
]

Normal

B

7
SYK == High == Low

1.00
2075
Q
©
Q
o
3 050
3
=
:
>
@ 0251 pog001

0.00

012345678 91011121314151617 1819 20
Time (years)

§High 3322201217541 31222012 7 5 3 2 1 11 1 1 0 0 0
) Low{33324814087 50 3530 21121211 9 6 4 3 1 0 0 0 0 O

012345678 910111213141516171819 20
Time (years)

Hazard ratio

1.06

age (N=505) 1.08%1.9)

0.93

(N=505) (0.65-1.3)

grade (N=505) 16%42)

174

(N=505) (1.37-2.3)

<0.001 ***

0.698

——=—A <0001+

<0.001 ***

# Events: 125; Global p-value (Log-rank): 2.2302e-22

AIC: 1147.14; Concordance index: 0.79

1 15 2 25 3354455

Figure 5. The differential expression profile of glioma samples and the association with survival and univariate Cox with patients with glioma. (A) Differential
expression of SYK in the normal and tumor samples. (B) Survival analysis of patients with glioma in which the SYK expression was different. The patients
were divided into high-expression or low-expression based on the comparison with the median expression level with P<0.001 by log-rank test. (C) Multivariate

Cox regression analysis for SYK. SYK, spleen tyrosine kinase.

indicated that SYK exhibited a significantly higher expres-
sion in glioma samples compared with that noted in standard
samples; its expression was an autocephalous predictor of
undesirable prognosis in patients with glioma.

SYK may be an indicator of TME regulation. Since SYK levels
were inversely associated with the survival of patients with glioma,
their data were divided into high-expression and low-expression
groups and subsequently severally contrasted to the median level
of SYK expression in GSEA. As shown in Fig. 6A, almost no
gene set enrichment was noted in the low-expression group of
SYK. The SYK high-expression group was principally enriched
in immune-related activities. For example, the B cell receptor
signaling pathway, the hematopoietic cell lineage and the
autoimmune thyroid disease were the main enriched pathways
(Fig. 6B). The aforementioned results revealed that SYK could
be a potential indicator of the TME status.

Correlation between SYK expression and the ratio of TICs.
To further verify the association between the expression
of SYK and the immune microenvironment, the ratio of

tumor-infiltrating immune subsets was analyzed by utilizing
the CIBERSORT algorithm. A spectrum of 22 immune cells
was established in glioma samples (Fig. 7A and B). The
immune cell difference analysis results indicated that six
different immune cells were associated with the expression of
SYK (Fig. 7C). The immune cell correlation analysis results
indicated that nine different immune cells were associated
with the expression of SYK (Fig. 7D). The difference and
correlation analyses indicated that four different immune
cells were associated with SYK expression. Among them,
two types of immune cells positively correlated with SYK
expression, which comprised cluster of differentiation (CD) 4
memory resting T cells and monocytes and two different types
of immune cells were inversely associated with SYK expres-
sion, including T follicular helper cells and macrophages MO
(Fig. 7E). These results demonstrated the contribution of SYK
in modulating the immune response and playing a crucial role
in the development of the TME.

The expression of SYK is associated with glioma. According
to the results of the present study, the expression of SYK was
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closely associated with glioma. The expression of SYK in
tumor cells and normal cells was verified by using western
blot and RT-qPCR and the results showed that the expression
level of SYK in tumor cells was significantly higher compared
with that in normal cells (Fig. 8A and B). These results further
proved that the high expression of SYK was closely associated
with the development of glioma in terms of protein expression
and gene expression.

Discussion

In the present study, the data derived from the TCGA data-
base were used to determine the TME genes associated with

survival in patients with glioma. By using Cox regression
analysis, SYK was finally identified from the list of DEGs to
be closely associated with the survival of patients with glioma.
SYK was shown to participate in immunization processes.
Eventually, SYK was confirmed to be a preponderant target
of the TME status for patients with glioma by a series of
bioinformatics analyses.

During tumor occurrence and development, the TME
is always in effect. Therefore, the exploration of the latent
remedial targets of TME refactoring and the further induction
of the TME-related changes from a tumor-friendly to a
tumor-suppressive phenotype is required for conducting valu-
able research. Previous studies have shown that the occurrence
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Figure 7. TIC profile and association analysis of tumor samples. (A) The barplot indicated the ratio of 22 TICs of glioma samples. The x-coordinate is the
sample name and the y-coordinate is the number of immune cells. Each color represents one type of immune cell. (B) The heatmap of the relevant with 22
TICs types. The numbers in each square is the association between the two types of cells. The shadow of each small box on is the association value between
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of tumors is markedly associated with the immune microen-
vironment (23,24). In the transcriptional analysis of glioma,
the analysis of the data downloaded from the TCGA database
indicated that the immune component of the TME exhibited a
particular effect on the postoperative predictive outcomes of the
patients. In particular, the evolution in glioma (such as intrusion
and transfer) was associated with the quantity of immune and
stromal components in the TME. The aforementioned analysis
indicated the importance of investigating the mutual effect of
tumor and immune cells, which can provide new directions for
developing more promising treatment options.

Following systematic analysis, the most significant gene, SYK,
was identified to be responsible for the survival of patients with
glioma. SYK is a pivotal member in the immune cell signaling
pathways as it modulates proliferation, differentiation and cell
survival by activating a series of signal transduction pathways,
such as an element of immune receptor signal transduction (25,26).
In addition, SYK is a crucial part of the B lymphocyte signaling
receptor (27) and it can regulate a variety of biological functions
of B lymphocytes; it is also closely connected with the activa-
tion and maturation of B cells (12). The lack of SYK expression,
which is involved in the TME, leads to impaired development
and maturation of immune cells and, in severe cases, to severe
combined immunodeficiency disease. Therefore, in the presence
of mutations, abnormal proliferation of cells occurs, which leads
to the loss of immunity and eventually to tumor development (28).
Several studies have investigated the function of SYK inhibitors.
Entospletinib, an inhibitor of SYK, has shown promising results
in clinical trials performed for the treatment of B cell malignan-
cies (29,30). In addition, several oral SYK inhibitors have already
been evaluated in clinical trials, including fostamatinib (R788),
entospletinib (GS-9973) and TAK-659 (31-33). It has been shown
that SYK inhibition can block the propagation and migration of
glioma cells in vitro (14). Furthermore, SYK may be involved
in the regulation of macrophage polarization in TME (34).
Therefore, a deeper analysis of the relationship in SYK expression
and the TME was performed. Certain immune-related signaling
pathways were identified by GSEA analysis. For example, FC
gamma R-mediated phagocytosis, the B cell receptor signaling
pathway and the hematopoietic cell lineage pathway were mark-
edly enriched in the SYK high-expression group. The violin plot
indicated that the number of T cell CD4 memory resting, mono-
cytes and M2 macrophages in the SYK high-expression group

was higher compared with that of the SYK low-expression group,
which revealed that the expression of SYK was closely associ-
ated with the number of immune cells in the TME. Macrophages
are roughly segmented into M1 and M2 genres according to
their functions. The M1 macrophages participate in the inflam-
matory response, pathogen clearance and antitumor immunity.
Nevertheless, the M2 macrophages are different from M1 and
they influence the anti-inflammatory response, the wound healing
process and the pro-tumorigenic properties (35,36). As depicted
in the violin diagram, the number of M1 macrophages was lower
and that of M2 was higher in the high-expression group of SYK,
further supporting the possibility that SYK may take part in the
tumor-promoting properties of glioma.

The current study suggested that SYK may affect the
proliferation and migration of glioma cells by affecting the
B cell receptor signaling pathways and the hematopoietic cell
lineage. In summary, SYK is a potential cancer-promoting
gene and it is expected to be a new target for the treatment
of glioma; it may also provide new ideas for the therapy of
glioma. Therefore, the accuracy of the combined analysis
requires further investigation to define SYK expression,
tumor-infiltrating B cell subtypes and mutagen-driven patterns
prior to the treatment of patients with glioma with SYK inhibi-
tors. However, the present study lacks glioblastoma tumor
tissues and the immunological role and specific mechanisms
of SYK in glioma have not been explored in depth. The role of
SYK and its mechanism in glioma will continue to be explored
through cell experiments and animal experiments in the future.
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