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progression
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Abstract

Background Several tetraspanin (TSPAN) proteins have been implicated in tumorigenesis and disease progression.
However, the precise function of tetraspanin 6 (TSPAN6) in glioma remains unclear.

Methods Integrated raw data from the Tumor Genome Atlas (TCGA) and Gene Expression Profiling (GEO) databases
were processed using R4.2.1. Bioinformatic methods were used to analyze the gene expression levels of TSPANG

in both glioma and normal brain tissues, correlating them with clinical characteristics. Additionally, the predictive
value of TSPANG in relation to the immune checkpoint blockade (ICB) therapy response was assessed. In vitro experi-
ments were conducted to investigate the effects of TSPAN6 knockdown on glioma cell proliferation, migration, cell
cycle regulation, and macrophage recruitment.

Results TSPANG expression was significantly upregulated in glioma tissues compared to normal tissues. Elevated
TSPANG expression is strongly correlated with unfavorable clinical characteristics in gliomas. Bioinformatic analyses
revealed a significant correlation between elevated TSPANG expression and reduced overall survival. Additionally,
TSPAN6 was co-expressed with several immune checkpoint genes and revealed a prognostic value in the context
of ICB therapy. Functional enrichment analysis revealed the involvement of TSPANG in cell-cycle regulation. Further-
more, TSPANG expression positively correlated with macrophage and neutrophil infiltration. In vitro experiments
confirmed that the downregulation of TSPAN6 inhibited U251 cell proliferation, disrupted the cell cycle, diminished
migratory capabilities, and reduced the recruitment of macrophages.

Conclusion Our findings emphasize its potential as both a diagnostic and therapeutic target as well as a predictor
of immune therapy response in gliomas.
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Introduction

Gliomas are a type of tumor derived from glial cells and
neural precursor cells, and they are the most frequently
occurring primary malignant tumors of the brain or spi-
nal cord. It primarily has astrocytic, oligodendroglial, and
ependymal cell origins. Despite the use of various treat-
ment regimens in clinical practice, the high fatality rate
of patients remains primarily due to the specificity of
tumor site location [1]. Over several decades, significant
progress has been made in understanding the molecular
basis of tumors thanks to the continuous development of
genomics, epigenetics, and transcriptomic analyses. This
has provided new insights into the improvement of tumor
classification and molecular-targeted therapies. In 2016,
the World Health Organization incorporated certain
molecular pathological features into the diagnostic sys-
tem for gliomas [2], and in 2021, the importance of these
features was further emphasized. For example, specific
molecular pathological features, such as IDH mutations,
1p/19q co-deletions, and MGMT gene promoter meth-
ylation, have been more accurately used in the grading
and classification of gliomas [3]. Therefore, exploration
of new therapeutic targets and prognostic biomarkers to
guide clinical treatment is of great significance.

The tetraspanin (TSPAN) protein family consists of
intracellular loops, transmembrane domains, and extra-
cellular loops [4, 5]. These proteins primarily reside on
the cell membrane and are characterized by four hydro-
phobic structural domains. The TSPAN protein family
plays crucial physiological roles in cell development, acti-
vation, growth, and movement regulation. The expres-
sion of TSPAN1 has been identified as an unfavorable
prognostic factor in patients with stage II and III gastric
cancer [6]. Moreover, TSPAN1 promotes migration and
invasion of pancreatic cancer cell lines via phospholipase
Cy (PLCy) [7]. Furthermore, TSPANS inhibits the prolif-
eration and migration of breast cancer cell lines by sup-
pressing their nuclear translocation [8]. TSPANG inhibits
tumor development in both lung and breast cancers [9,
10]. In addition, the TSPAN protein family is involved in
the modulation of the immune system and inflammation.
Notably, TSPAN26 is involved in immune regulation
and tumor suppression as a surface antigen in mature B
cells [11]. However, the precise role of TSPANG in glioma
development has not been investigated thoroughly.

The tumor microenvironment (TME) plays a promot-
ing role in the development of most tumors. Tumor-asso-
ciated macrophages (TAMs), including glioma-specific
microglia, are the predominant immune cells in the gli-
oma TME. These two types of macrophages have been
found to be positively correlated with glioma grade,
frequently leading to unfavorable prognosis in patients
with glioma [12]. Further research has revealed that
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neutrophils in gliomas promote tumor growth and infil-
tration and are associated with acquired resistance to
anti-angiogenic therapy [13, 14]. Additionally, immune
cells in the TME express multiple immune checkpoint
molecules that, when activated, inhibit the function of
immune cells and contribute to tumor development.
Therefore, blocking of these inhibitory immune check-
points is an effective therapeutic strategy. Presently,
specific inhibitory immune checkpoint inhibitors, includ-
ing anti-cytotoxic T-lymphocyte-associated protein 4
(anti-CTLA4) [15] and anti-programmed cell death 1
(anti-PD-1) [16], have been utilized in clinical settings
for various cancers and have demonstrated promising
efficacy. However, immune checkpoint blockade has not
yielded the expected results in treating glioma owing to
the unexplained underlying mechanisms [17]. Therefore,
the identification of molecules that can predict the effi-
cacy of immune checkpoint blockade is crucial for choos-
ing immunotherapy strategies for gliomas.

In this study, we identified aberrant expression of
TSPANG in gliomas using data from The Cancer Genome
Atlas (TCGA) and Gene Expression Overview (GEO)
databases. Bioinformatic analyses revealed that high
TSPANG6 expression was associated with unfavorable
clinical characteristics and patient outcomes. Notably,
the expression of TSPANG is positively correlated with
the expression of certain immune checkpoint molecules
and can serve as an indicator of the effectiveness of
immune checkpoint blockade. Mechanistically, TSPAN6
participates in cell cycle regulation and is closely linked
to immune cell infiltration in tumors. In vitro experi-
ments showed that the suppression of TSPAN6 hindered
U251 cell proliferation, interrupted the cell cycle, dimin-
ished invasive and migratory capacities, and lowered
macrophage recruitment. Overall, our study demon-
strated the significance of TSPANG in glioma progression
and suggested its potential as a diagnostic and prognostic
biomarker for gliomas.

Materials and methods

Patient sample data acquiring

Patient sample data were acquired by retrieving messen-
ger RNA (mRNA) expression data and corresponding
clinical information from TCGA database (https://cance
rgenome.nih.gov). This dataset included 169 glioblastoma
multiforme (GBM) samples, 532 lower-grade glioma
(LGG) samples, and 5 neighboring brain tissue samples.
Data regarding gene expression in normal brain tissue
were obtained from the GTEx database (https://www.
gtexportal.org). Furthermore, the gene expression pro-
file GSE4290 was downloaded from the GEO database
(https://www.ncbi.nlm.nih.gov/geo/) and contained 23
samples from neighboring brain tissues and 153 samples
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of gliomas. Protein expression data for 99 GBM samples
and 10 normal brain tissue samples were acquired from
the UALCAN database (http://ualcan.path.uab.edu/).
These databases contain data on the mRNA and protein
expression of prevalent tumors.

Patient survival analysis

Kaplan—Meier (KM) analysis of glioma patients in TCGA
dataset was conducted using the R software packages
Survival (versions/3.3.1) and Survminer to investigate
the impact of TSPANG6 expression on overall survival
time (OS), disease-specific survival (DSS), and progres-
sion-free survival (PFS). To determine whether TSPAN6
expression can distinguish tumor tissue from normal
tissue samples, the package proc (https://crean.rproject.
org/web/Packages/proc/) to generate receiver operating
characteristic (ROC) curves was used.

Genetic mutation analysis

The mutation status of TSPAN6 was determined using
cBioPortal for Cancer Genomics [18, 19]. To further
explore the mutation types of TSPANG6 in gliomas, the
COSMIC database was used [20].

Functional enrichment analysis

A threshold of 350 for TSPAN6 mRNA expression was
used to divide the 699 patients with glioma into two
groups: high expression (#=350) and low expression
(n=349). The LIMMA software package in R (version
4.2.1) was employed to identify differentially expressed
genes (DEGs) between the high- and low-expression
groups of TSPAN6. DEGs were identified using the cri-
teria of adjusted p-value<0.05 and |log fold change|
(|logEC|) > 1. Subsequently, KEGG and GO enrichment
analyses were performed using the screened DEGs to
investigate the potential involvement of TSPANG6 in gli-
omas. Gene set enrichment analysis (GSEA), a method
for determining differences in the expression of a prede-
fined group of genes across multiple samples, was con-
ducted using the R package ClusterProfiler to examine
functional and pathway differences between the high and
low-expression groups of TSPANG6 in gliomas [21]. The
significant enrichment criteria were set at an adjusted
p-value<0.05, a false discovery rate (FDR)<0.25, and
INES| > 1.

Hub gene screening

To identify hub genes, we constructed a protein—protein
interaction (PPI) network using the STRING database
(http://string-db.org) with an interaction score greater
than 0.4. Subsequently, the network data were imported
into the Cytoscape program (version 3.9.1) and the nodes
were ranked based on their degrees using the cytoHubba
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plugin. Finally, GO and KEGG analyses were performed
to investigate the functions and pathways associated with
the identified hub genes.

Examination of immune infiltration

To assess the level of immune cell infiltration in the gli-
oma microenvironment, single-sample gene set enrich-
ment analysis (ssGSEA) was performed on the TSPAN6
high-expression and low-expression groups using the R
package GSVA (Version 4.2.1). A set of 24 immune cell
gene markers, identified in a previous study [22], was
used. Spearman’s correlation test was used to evaluate
the association between TSPAN6 and the aforemen-
tioned 24 immune cell types.

Predicting the value of TSPAN6 in immune checkpoint
blockade therapy response

Tumor Immune Dysfunction and Exclusion (TIDE), a
computational system, was utilized to analyze the poten-
tial for tumor immune evasion and to predict the effec-
tiveness of immune checkpoint blockade therapy based
on the gene expression profiles of tumor samples. To
assess TSPANG6’s response to immune checkpoint block-
ade (ICB), this approach was employed [23, 24]. Addi-
tionally, the IMvigor210 cohort treated with anti-PDL1
therapy was downloaded to further validate the previous
response of TSPANG6 to immune checkpoint blockade
[25].

Cell culture, vector construction and lentivirus packaging
293T embryonic kidney, THP-1 mononuclear leukemia,
and U251 glioma cell lines were obtained from Procell
Life Science & Technology Co., Ltd.,, Wuhan, China.
THP-1 cells were cultured in RPMI-1640, whereas
U251 and 293T cells were cultured in DMEM. All cell
lines were supplemented with 10% fetal bovine serum
(Gibco). The cells were then incubated at 37 °C with 5%
CO,. The shTSPANG6 sequence was inserted into the
hU6-MCS-Ubiquitin-EGFP-IRES-puromycin lentivi-
rus vector (provided by Shanghai Genechem Co., Ltd.),
which contained puromycin resistance and green fluo-
rescent protein (GFP). HEK293T cells were transfected
with the plasmid along with PMD2G and psPAX2 vec-
tors using a three-plasmid system. After 48 h of cul-
ture, the viral supernatants were collected. U251 cells
were infected with the viral supernatant for 12 h and
then cultured in a medium supplemented with puro-
mycin for 1 week to select stably transfected cell lines.
The sequences of the three shRNA constructs were
as follows: shTSPANG-1,5"-gctactggtaccgtcattatt-3”;
shTSPANG6-2,5" -cctaagagttgctgtaaactt-3;
ShTSPANG6-3,5 -gcttccaactgattggaatct-3”.
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Quantitative real-time fluorescent quantification PCR
(gqRT-PCR) assay

RNA extraction from stably transfected cell lines and cell
lines from the control group was performed using a Min-
iBEST reagent kit (TaKaRa, Shiga, Japan). qRT-PCR anal-
ysis was conducted using TB Green Premix Ex TaqgTM
IT (Takara, Shiga, Japan), and the calculation was based
on the 2-CT method. Complementary deoxyribonucleic
acid (cDNA) was synthesized using the PrimerScript RT
Reagent Kit (TaKaRa, Shiga, Japan). The forward and
reverse primer sequences for TSPAN6 were 5'-TCGGAG
ACTGCAGACTAAACC-3” and 5 -ACGCCAGTGATC
CAGAAAAT-3’, respectively. The forward and reverse
primer sequences for B-actin were 5-GACAGCTCT
CCCAGGAAT-3" and 5'-CTCCTTAATGTCACGCAC
GAT-3/, respectively.

Western blot (WB) assay

WB assay was performed to validate the changes in
TSPANG6 protein levels. U251 cells were lysed using
radioimmunoprecipitation assay (RIPA) lysis buffer to
extract total protein, and the protein concentration was
quantified using a BCA reagent kit (Solarbio, China).
Subsequently, 10 pg of protein was separated using PAGE
(Mishushengwu, China) and transferred onto a poly-
vinylidene fluoride (PVDF) membrane. After blocking
with 5% skimmed milk for 1 h, the membrane was incu-
bated overnight at 4 °C with specific antibodies against
TSPANG6 and B-actin (Proteintech). On the following day,
the membrane was washed with TBST (25 mM Tris—
HCI, 150 mM NacCl, 0.05% Tween 20, and a pH of 7.4)
for 30 min, incubated with secondary antibodies (Pro-
teintech, China) at room temperature for 1 h, washed
again with TBST for 30 min, and finally observed using
an enhanced chemiluminescence (ECL) reagent kit.

Cell proliferation analysis

U251 cells were seeded in a 96-well plate at a density of
4x 10 cells per well 24 h before use. 10 mg of CCK-8 rea-
gent were added at 24, 48, 72, and 96 h. The cells were
incubated for an additional hour at 37 °C and 5% CO,.
The absorbance was measured using an enzyme-linked
immunosorbent assay reader at a wavelength of 450 nm.

Cell scratch assay

U251 cells were seeded at a density of 3x10° cells per
well in a 6-well plate. Once the cells had reached over
90% confluence, three PBS washes were performed, fol-
lowed by vertical scraping of the cells using a 20 uL ster-
ile pipette tip. Subsequently, the cells were cultured in
DMEM without serum for a full day. The wound-heal-
ing state was monitored, and photographs were taken
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at 0 and 24 h. Image] software was used to process the
images.

Transwell assay

U251 cells were starved in a serum-free environment for
24 h, harvested, and centrifuged. The cells were resus-
pended in DMEM without serum, and the cell density
was adjusted to 1x 10* cells/mL. Next, 200 pL of the cell
suspension was added to Transwell chambers filled with
a matrix gel. The lower chamber was filled with 600 pL of
culture medium containing 10% FBS. The chambers were
incubated at 37 °C with 5% CO, for 48 h. Subsequently,
the chambers were removed and the upper surface of the
membranes was gently swabbed using a cotton swab to
remove the cells. The cells on the bottom surface were
fixed in 95% ethanol for five minutes and stained with a
0.4% crystal violet solution for 20 min. After rinsing with
PBS and allowing it to dry, cells were counted and exam-
ined under a microscope.

Colony formation assay

U251 cells were digested, centrifuged, and the cell density
was adjusted to 1x 10% cells/mL. Subsequently, 200 pL of
the cell suspension was seeded into each well of a 6-well
plate. The cells were incubated at 37 °C in a 5% CO, envi-
ronment for 2 weeks and then rinsed twice with PBS. The
cells were then fixed with 5 mL methanol for 15 min and
stained with 0.4% crystal violet for 20 min. After rinsing
with PBS and allowing it to dry, images were captured
and the cells were counted.

Flow cytometry

Flow cytometry was used to detect the cell cycle and
apoptosis. For cell cycle detection, cells in the logarith-
mic growth phase were collected and washed thrice with
PBS. Subsequently, pre-cooled 75% ethanol at —20 °C
was added to the cells, which were then incubated over-
night at 4 °C. The following day, cells were washed twice
with PBS and treated with a solution containing 0.01%
RNase and 0.5% propidium iodide (PI) at 4 °C for 20 min.
After passing through a 300-mesh nylon mesh, cells were
analyzed using a flow cytometer.

For apoptosis detection, cells in the logarithmic growth
phase were collected and washed once with PBS, fol-
lowed by washing with the incubation buffer. The cells
were then resuspended in 100 pL of incubation buffer,
and 5 pL of fluorescently labeled Annexin V was added.
The cells were then incubated at room temperature, pro-
tected from light, for 15 min. Subsequently, the cells were
washed once with incubation buffer, resuspended, and
mixed with 10 puL of 7AAD was added for mixing. Apop-
totic cells were detected using flow cytometry.
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Statistical analysis

For the bioinformatic study, R version 4.2.1 was used. The
transcription levels of the TSPANG6 gene were compared
between cancer samples and normal control samples
using Student’s ¢-test. The relationship between TSPANG6
expression and clinical characteristics was examined
using the Kruskal-Wallis and Wilcoxon rank-sum tests.
Diagnostic accuracy was assessed through ROC curve
analysis, using the area under the curve (AUC) as a met-
ric. Survival analysis was conducted using the Kaplan—
Meier method, and the log-rank test was employed.
Potential prognostic variables were screened using uni-
variate and multivariate COX analyses. Spearman’s cor-
relation test was conducted to investigate the relationship
between TSPANG6 expression and immune cell infiltra-
tion. In all analyses, p-values greater than 0.05 were
denoted as ns, p-values less than 0.05 were denoted as *,
p-values less than 0.01 were denoted as **, and p-values
less than 0.001 were denoted as ***.

Results

TSPANG exhibited high expression in gliomas

and was correlated with adverse clinical and pathological
characteristics

Using data from TCGA database, we investigated the
expression levels of TSPANG6 in tumor and normal tis-
sues across various cancer types. As shown in Fig. 1a,
TSPANG6 expression was significantly higher in tumor
tissues of gastric cancer, endometrial cancer, lung adeno-
carcinoma, and esophageal cancer. Through comparative
analysis, we observed that glioma tissues had markedly
higher levels of TSPANG6 expression than normal tissues
(Fig. 1B), consistent with the validation provided by the
GSE4290 dataset (Fig. 1C). Furthermore, the UALCAN
database demonstrated significantly elevated levels of
TSPANG6 protein in pleomorphic glioblastoma tissues
than in normal tissues (Fig. 1D). We analyzed TSPAN6
gene mutations using the cBioPortal database and found
that “amplification” was predominant in TCGA pan-can-
cer dataset. Among the 514 LGG patients, TSPANG6 gene
mutations were detected in 1.56% of the cases, including
both “amplification” and “mutations” (Supplementary
Figure 1).

To explore the correlation between TSPANG6 expres-
sion and clinical and gene expression features in glioma
patients, we analyzed data from TCGA dataset com-
prising 696 glioma patients (Table 1). Based on the
median TSPANG6 expression, patients were divided into
two groups: high expression (2=348) and low expres-
sion (n=348). The analysis revealed a significant asso-
ciation between high TSPANG6 expression and adverse
clinical and pathological characteristics, such as WHO
grade, IDH status, histological grade, age, and 1p/19q
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co-deletion (Fig. 1E-I and Table 1). Therefore, the
increased expression of TSPANG in glioma tissues cor-
relates with negative clinical and pathological features of
gliomas.

The overexpression of TSPAN6 was associated

with a negative prognosis in patients with glioma

We conducted univariate and multivariate Cox regres-
sion analyses to investigate the potential association
between overall survival in glioma patients and TSPAN6
expression, along with other clinical characteristics. High
TSPANG6 expression was significantly correlated with
patient overall survival (HR=2.714, 95% CI=2.103-
3.502, p<0.001), as revealed by the results of the uni-
variate COX analysis (Table 2). Kaplan—Meier survival
analysis was used to compare the prognosis of glioma
patients with high or low TSPANG6 levels. The study
demonstrated that glioma patients with higher TSPAN6
expression had shorter progression-free intervals, over-
all survival times, and disease-specific survival times
(Fig. 2A—C). Additionally, ROC analysis was performed
to evaluate the diagnostic value of TSPANG6 expression
in differentiating glioma from normal tissues. The results
showed that TSPANG6 exhibited a reasonably high diag-
nostic accuracy, with an estimated AUC value of 0.987
(95% CI 0.983-0.992) (Fig. 2D). In the subgroup analy-
sis considering WHO grade, 1p/19q non-codeletion sta-
tus, astrocytoma pathological type, and primary therapy
outcome, glioma patients with high TSPAN6 expression
had a poor prognosis (Fig. 2E-H). To assess the impact of
TSPANG expression on overall survival at 1, 3, and 5 years
for prognostic purposes, we calculated AUC values.

The findings demonstrated that the AUC values at all
three time periods exceeded 0.5 and were approximately
0.700 (Fig. 2I). We constructed a composite nomogram
that incorporated TSPANG6 expression data and clini-
cal factors to predict patient survival at 1, 3, and 5 years
(Fig. 2J). Furthermore, the calibration graph exhibited
strong agreement between the observed and projected
values (Fig. 2K), reaffirming that TSPANG6 expression has
a positive prognostic impact on glioma.

Cell cycle-associated genes and pathways were enriched

in gliomas with high expression of TSPAN6

We investigated the biological functions and pathways
related to TSPANG in gliomas using data from TCGA
database. To gain insight into the biological role of
TSPANG6 in gliomas, we compared the differentially
expressed genes (DEGs) between the high- and low-
expression groups. We identified 1555 DEGs, with 676
upregulated and 879 downregulated genes. The signifi-
cance threshold for differential expression was set at
|log2(FC)| > 1 and p.adj < 0.05. The distribution of DEGs
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Fig. 1 Upregulation of TSPAN6 expression in glioma and its association with adverse clinical pathological features of glioma patients. A Expression

levels of TSPANG in different types of human malignancies from the TIME
tissue of glioma patients. C Expression of TSPANG in tumors and normal t
levels of TSPANG in GBM and normal tissues from the UALCAN database.

R database. B Expression levels of TSPAN6 in normal tissue and tumor
issues from the GEO database GSE4290 dataset. D Protein expression
E-I Correlation of TSPAN6 high expression with glioma clinical pathological

features [WHO grade (E), IDH status (F), 1p/19q co-deletion (G), pathological subtype (H), and age (1)]

was visualized through heatmaps and volcano plots
(Fig. 3A, B). GO and KEGG analyses of the 676 upreg-
ulated DEGs revealed significant enrichment in cell
cycle signaling pathways, chromosome segregation, and
mitosis (Fig. 3C, D). GSEA analysis using the MSigDB
Collection identified enriched signal pathways related
to TSPANG, such as the cell cycle, DNA replication, and
condensation of early mitotic chromosomes (Fig. 3E,

F). These data support the possibility that TSPANG is
involved in cell cycle signaling in gliomas.

Identification of the Hub gene in glioma tissues and its
significance for prognosis in individuals with gliomas

First, DEGs from the STRING database were used to
build a PPI network. Next, the hub genes were ranked
according to their degrees using the cytoHubba plugin
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Table 1 Clinical characteristics of patients in TCGA dataset with
high or low TSPAN6 expression levels

Characteristic Low High p
expression of expression of
TSPANG6 TSPANG6

n 349 350

WHO grade, n (%) <0.001
G2 146 (22.9%) 78 (12.2%)

G3 138 (21.7%) 107 (16.8%)
G4 30 (4.7%) 138 (21.7%)

IDH status, n (%) <0.001
WT 68 (9.9%) 178 (25.8%)

Mut 278 (40.3%) 165 (23.9%)

1p/19q co-deletion, n (%) <0.001
Codel 126 (18.2%) 46 (6.6%)

Non-codel 223 (32.2%) 297 (42.9%)

Primary therapy outcome, n (%) 0.089

PD 8(12.5%) 4 (11.6%)
SD (194%) (125%)
PR 5(7.5%) 0 (6.5%)

CR (20% ( .1%)

Gender, n (%) 0.086
Female 159 (22.8%) 139 (20%)

Male 189 (27.2%) 209 (30%)

Age, n (%) 0.012
<60 291 (41.6%) 265(37.9%)
>60 58 (8.3%) 85 (12.2%)

Histological type, n (%) <0.001
Astrocytoma 97 (13.9%) 99 (14.2%)
Glioblastoma 30 (4.3%) 138 (19.7%)
Oligoastrocytoma 145 (20.7%) 55 (7 9%)
Oligodendroglioma 77 (11%) 8 (8.3%)

Age, median (IQR) 415 (33,54) (36 60) <0.001

PD progressive disease, SD stable disease, PR partial response, CR complete

response, IQR interquartile range
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to obtain node scores (Fig. 4A). Significant enrichment
in cell cycle signaling pathways, sister chromatid separa-
tion during mitosis, and phase transition in the mitotic
cell cycle was observed in the GO and KEGG analyses
(Fig. 4B). TSPAN6 may be related to the cell cycle, as
predicted by the biological roles and pathways of DEGs
in gliomas. We then examined the relationship between
TSPANG6 and the genes that control the cell cycle. The
findings demonstrated a favorable correlation (r>0.3,
p<0.001) between TSPANG6 expression and genes gov-
erning the cell cycle, such as PCNA, CCNA2, CHEKI,
MCM2, CCNB2, CCNB1, CDC20, MCMs6, CDC25C,
PLK1, CDCe, BUB1B, PTTG1, ESPL1, CDC45, MCM4,
CDC25A, and CCNEI1, but a weak correlation (r>0.2,
p<0.001) with PKMYT1 and E2F1 (Supplementary
Figure 2).

The predictive significance of these 10 hub genes was
determined using Kaplan—Meier survival analysis in
patients with gliomas. The findings demonstrated that
in the high-expression group of glioma patients, higher
expression of these 10 genes was linked to worse overall
survival (Fig. 4C-L). Collectively, these findings strongly
indicated that TSPANG6 expression is linked to the cell
cycle and may contribute to glioma progression through
cell cycle regulation.

TSPANG6 promotes the cell cycle, proliferation,

and migration of glioma cells

To investigate the role of TSPANG6 in glioma, stable
TSPANG6-suppressed cell lines were established in U251
cells by lentiviral infection (Fig. 5A). The knockdown
efficiency was confirmed by qPCR (Fig. 5B) and western
blotting (Fig. 5C). Among the three TSPANG6-targeting
shRNA expressing U251 cell lines, only shTSPANG6-3
exhibited significant knockdown efficiency. The growth of
U251 cells was considerably reduced by TSPAN6 knock-
down, as demonstrated by CCK-8 assay (Fig. 5D). Simi-
larly, the colony-forming and proliferative capacities of
cells with TSPANG6 suppression were notably decreased

Table 2 Univariate and multivariate Cox regression analyses of clinical characteristics in glioma patients in TCGA dataset were

associated with overall survival (OS) correlation

Characteristics Total (N) Univariate analysis Multivariate analysis

Hazard ratio (95% Cl) P value Hazard ratio (95% Cl) P value
WHO grade (G4 vs. G2 and G3) 636 9.538 (7.243-12.560) <0.001 2.566 (1.693-3.888) <0.001
IDH status (Mut vs. WT) 688 8.609 (6.602-11.226) <0.001 4.104 (2.781-6.057) <0.001
1p/19q co-deletion (non-codel vs. codel) 691 4435 (2.889-6.808) <0.001 1.386 (0.808-2.379) 0.236
Age (>60 vs. <60) 698 4.696 (3.620-6.093) <0.001 1.519 (1.109-2. 079) 0.009
Histological type (oligoastrocytoma and astrocy- 698 2.167 (1.678-2.798) <0.001 0.749 (0.475-1.180) 0213
toma vs. oligodendroglioma and glioblastoma)
TSPANG (high vs. low) 698 2.710 (2.105-3.488) <0.001 1.191 (0.861-1.647) 0.29

The bold values indicate statistical differences
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in the colony formation assay (Fig. 5E). Flow cytometry
results showed no significant difference in the apopto-
sis rates between the TSPANG6-suppressed and control
groups (Fig. 5F). However, TSPAN6 knockdown induced
obvious cell cycle arrest in the G2/M phase (Fig. 5G),
consistent with previous TCGA data analysis of the role
of TSPANG in cell cycle regulation. Finally, the scratch
and transwell assays demonstrated decreased migration
ability of TSPAN6 knockdown U251 cells (Fig. 5H-K).
To further elucidate the role of TSPANG in glioma cells,
we utilized the widely recognized U87 glioma cell line
to overexpress TSPAN6. We successfully overexpressed
TSPANG6-flag in U87 cells by using a lentiviral system
(Supplementary Figure 3A). Our results indicated that

TSPANG6 overexpression significantly promoted the pro-
liferation of U87 tumor cells (Supplementary Figure 3B)
and enhanced their migratory capabilities (Supplemen-
tary Figure 3C—F). Overall, these in vitro experiments
suggest that TSPANG6 expression in glioma cells acceler-
ates tumor cell cycle progression, promotes cell prolifera-
tion, and enhances migration.

TSPANG expression promoted infiltration

of immunosuppressive immune cells and polarization

of M2 macrophages in gliomas

To investigate the association between TSPANG6 expres-
sion and the tumor microenvironment (TME), we
assessed the tumor purity of gliomas in groups with high
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and low TSPANG6 expression using the estimation pro-
cess. The data (Fig. 6A—C) showed that the TSPANG6 high-
expression group had higher stromal and immune scores,
implying lower tumor purity in gliomas. Next, we com-
pared the profiles of immune infiltration in gliomas with
different TSPANG6 expression levels using ssGSEA. The
findings showed a significant increase in the proportion
of aDC, eosinophils, neutrophils, macrophages, helper T
cells, and Th2 cells in glioma patients with high TSPAN6
expression. Conversely, patients with high TSPAN6

expression had significantly lower levels of infiltration of
CD8 T cells, DC cells, pDC cells, NK CD56bright cells,
and Treg cells than patients with low TSPANG6 expression
(Fig. 6D). Furthermore, we investigated the relationship
between TSPANG expression levels and immune infiltra-
tion in gliomas. The results revealed a positive correlation
between TSPANG6 expression and macrophage (Fig. 6E),
Th2 (Fig. 6F), aDC (Fig. 6G), eosinophil (Fig. 6H), and
neutrophil infiltration (Fig. 6I). In contrast, a negative
correlation was observed between the expression levels
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Fig. 6 A Immune score, B stromal score, and C estimate score between TSPANG6 high and low-expression groups in glioma. D Differential
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of TSPAN6 and CD8 T cells (Fig. 6]), pDC (Fig. 6K), and
NK CD56bright cells (Fig. 6L).

Subsequently, the impact of TSPANG6 expression and
M2 macrophages on the prognosis of patients with

glioma was assessed using TIMER. The findings revealed
that patients with high TSPAN6 expression and high
levels of M2 macrophages had the poorest progno-
sis (Fig. 7A). To investigate the chemotactic capacity of
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the glioma cell line towards macrophages, phorbol ester
(PMA)-induced THP-1 cells were introduced into the
transwell chamber, and the glioma cell line was placed
in the lower chamber. Macrophages on the lower surface
of the chamber were counted 48 h after the co-culture.
The results showed that TSPAN6 knockdown signifi-
cantly reduced macrophage recruitment by U251 cells
(Fig. 7B). Finally, PMA-induced macrophages derived
from THP-1 cells were co-cultured with U251 cells for
24 h. Flow cytometry was used to measure the expression
of the M2-polarized marker CD163. The results indicated
that TSPAN6 knockdown significantly inhibited CD163
expression (Fig. 7C), suggesting that high expression of
TSPANG in gliomas can drive the differentiation of mac-
rophages into immunosuppressive M2-like macrophages,
potentially promoting glioma progression.

TSPANG is co-expressed with immune checkpoint
molecules and may predict the efficacy of ICB in gliomas
We compared the expression levels of eight immune
checkpoint genes (PDCD1, SIGLEC15, CD274,
HAVCR2, PDCD1LG2, LAG3, CTLA4, and TIGIT)
between the TSPANG6 high and the TSPAN6 low-
expression groups. We found significant overexpression
of all eight genes in the TSPANG6 high-expression group
(p<0.001) (Fig. 8A). Next, the relationship between
TSPANG6 and the eight immune checkpoint genes in
gliomas was assessed using Spearman’s correlation

analysis. The findings showed a positive correlation
between TSPANG6 expression and CD274 (p<0.001,
R=0.426; Fig. 8B), PDCD1LG2 (p<0.001, R=0.562;
Fig. 8C), HAVCR2 (p<0.001, R=0.417; Fig. 8D), and
PDCD1 (p<0.001, R=0.313; Fig. 8E). However, the
correlation between TSPAN6 and CTLA4 (p<0.001,
R=0.241; Fig. 8F), SIGLEC15 (p<0.001, R=0.210;
Fig. 8G), TIGIT (p<0.001, R=0.147; Fig. 8H), and
LAG3 (p<0.001, R=0.129; Fig. 8I) was relatively
weaker.

In addition, we observed the intensity of the immune
checkpoint blocking response in the low- and high-
expression groups of TSPANG6. The findings revealed
that the TSPAN6 high-expression group had higher
TIDE scores than the TSPAN6 low-expression group
in glioma patients (LGG+GBM) (p<0.001, Fig. 8]), as
well as in LGG (p<0.001, Fig. 8K) and GBM (p <0.05,
Fig. 8L). In the IMvigor210 bladder cancer cohort, the
ICB responsive group exhibited higher TSPANG6 expres-
sion than the ICB non-responsive group (p<0.001,
Fig. 8M). Subsequently, we observed the response rate
to PD-L1 treatment and found that it was 23.2% in
the TSPANG6 low-expression group and 35.1% in the
TSPANG6 high-expression group (p<0.001, Fig. 8N).
Additionally, the TSPAN6 high-expression group
showed a higher survival rate than the TSPAN6 low-
expression group (p=0.0029, Fig. 80). These findings
suggest that TSPANG6 has prognostic value for response
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to ICB treatment, and high expression of TSPAN6 may
be more favorable for ICB therapy.

Discussion

Glioma, with its high incidence and recurrence rate, is
among the most prevalent primary malignant tumors of
the brain and spinal cord. Despite undergoing surgical
treatment, patients often have a poor prognosis due to
the tumor’s specific location. Therefore, there is an urgent
need to identify biomarkers that can assist in diagnosis,
prognosis, and treatment decisions. The TSPAN family
currently includes 33 subtypes identified in both humans
and mice [4]. The specific roles and functions of these
subtypes are not well understood because of their large
numbers, and some subtypes are still in the speculative
stage. For instance, in cholangiocarcinoma, the growth
and migration of cholangiocarcinoma cells are regulated
by the interaction between TSPAN1 and integrin a6f1,
accomplished through upregulation of the PI3K/AKT/
GSK-3pB/Snail/PTEN feedback loop [26]. Similarly, in
colorectal cancer, high expression of TSPAN12 is signifi-
cantly correlated with TNM stage, tumor size, and lymph
node metastasis. Knockdown of TSPAN12 significantly
reduces the growth, migration, and invasion abilities of
colorectal cancer cells and promotes apoptosis [27]. Fur-
thermore, TSPANG6 expression can inhibit tumor tissue
growth and metastasis in mutant pancreatic cancer xeno-
grafts, which is influenced by RAS activation [9]. How-
ever, there are currently no reports on the involvement of
TSPANG in gliomas.

This study aimed to investigate the biological roles and
potential regulatory mechanisms of TSPANG6 in gliomas
through comprehensive bioinformatics analysis using
multiple publicly available datasets. The findings of this
study showed an upregulation of TSPAN6 expression
across multiple tumor types, including gliomas. The over-
expression of TSPAN6 was correlated with decreased
survival rates and unfavorable clinicopathological char-
acteristics. ROC curve analysis suggested that TSPAN6
might be a promising biomarker for glioma diagnosis.
There was a strong correlation between TSPANG6 expres-
sion and glioma prognosis, indicating an independent
effect of TSPANG6 on glioma prognosis. Accordingly, we
investigated the mechanism underlying reduced survival
rates in patients with glioma associated with TSPANG.
GSEA provided additional confirmation of this result.
GO and KEGG analyses indicated that DEGs related to
TSPANG6 were primarily associated with tumor cell divi-
sion and cell cycle regulation. Additionally, we identi-
fied 10 significant DEGs (CCNA2, CCNB1, CDC20,
BUB1, CCNB2, TOP2A, CDCA8, NDC80, RRM2,
and DLGAP5). Interestingly, the results of the GO and
KEGG analyses also demonstrated a connection between
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cell cycle signaling and the obtained outcomes. Prior
research has demonstrated that cancer and normal cells
express unique cell cycle protein genes [27]. Our results
suggest a positive correlation between the expression of
TSPANG6 and cell cycle regulatory genes. Additionally,
cell cycle experiments have demonstrated that TSPAN6
knockdown induces G2/M phase cell cycle arrest in gli-
oma cells. Furthermore, colony formation and CCK-8
assays confirmed the inhibitory effect of TSPAN6 sup-
pression on glioma cell proliferation. In conclusion, our
findings suggest that TSPANG6 plays a regulatory role in
the cell cycle and promotes glioma growth.

The incidence of malignant tumors is closely associated
with the TME, which comprises immune cells, stromal
cells, extracellular matrix, and inflammatory mediators.
Dysregulation of the immune response within the TME is
a leading factor in glioblastoma development. This study
examined the relationship between TSPANG6 expression
and extent of immune infiltration in glioblastoma. These
findings indicated a positive correlation between high
TSPANG expression and the extent of macrophage infil-
tration. Growing evidence suggests that macrophages
in glioblastoma promote tumor growth and invasion by
modulating immune surveillance and suppressing anti-
tumor immune responses, thereby playing a detrimental
role in cancer progression [28]. TSPAN6 could chemot-
actically attract macrophages to migrate towards tumor
cells and differentiate into immunosuppressive M2
macrophages. These findings suggest that TSPAN6 may
contribute to glioblastoma development by influencing
macrophages in the TME.

Recently, ICB has been proven to extend the survival
of many patients with cancer and provide new ideas and
options for personalized treatment [29]. Tumor cells
employ multiple mechanisms to evade the immune sys-
tem, with one of them being the continuous amplifica-
tion of immune suppression signals. Most tumor cells
upregulate the immune checkpoint ligand PD-L1, which
inhibits the function of lymphocytes by binding to PD-1
receptors on tumor-infiltrating lymphocytes (TILs), ena-
bling tumor immune escape [30, 31]. In addition to the
conventional immune checkpoints PD-1/PD-L1, CTLA4,
and LAGS3, studies have shown that blocking additional
immune regulatory genes, such as LGALS1 [32] and
IGFBP2 [33], also improves the suppressive TME of glio-
blastoma. Recent advancements in the application of
ICB in glioblastoma, although benefiting only a subset of
patients, point towards using biomarkers to guide immu-
notherapy and develop personalized treatments [34].
Our research findings indicate a correlation between the
expression of TSPANG6 and a subset of immune check-
points in patients with glioblastoma. The high TSPAN6
expression group exhibited higher gene expression levels
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for specific immunological checkpoints compared to the
low TSPANG expression group. Additionally, TIDE scor-
ing was used to assess the relationship between TSPANG6
expression and the strength of the ICB response. The
findings revealed that the group with higher TSPAN6
expression had higher TIDE scores. These results suggest
that in glioblastoma, TSPANG6 expression is associated
with a subset of immune checkpoints, and glioblastoma
patients with high TSPANG6 expression may benefit from
ICB treatment. Therefore, we propose that TSPAN6
could potentially be a predictive biomarker for the inten-
sity of the ICB response in glioblastoma patients.

Despite our comprehensive analysis of TSPANG6, our
study has several notable limitations. Firstly, our conclu-
sions are predominantly derived from public database
data, underscoring the need for additional in vitro and
in vivo experiments to validate our findings and eluci-
date the exact mechanisms underlying TSPANG6’s role.
Secondly, although our study shows a strong correlation
between TSPANG6 expression and immune infiltration, it
remains unconfirmed whether TSPANG6 can promote the
infiltration of tumor-associated macrophages in glioma
samples. Further research is also required to clarify its
impact on cytokine expression within the glioma tumor
microenvironment.

Conclusion

In conclusion, our research demonstrates a significant
upregulation of TSPANG6 expression in gliomas, which
is strongly associated with the pathological and clini-
cal characteristics, as well as the unfavorable prognosis
of gliomas. According to ROC analysis, TSPANG6 can be
used as a prognostic biomarker for glioma patients and
as a diagnostic biomarker to differentiate glioma tissue
from normal tissue. By regulating the process of immune
infiltration, TSPAN6 may contribute to the development
of glioma and may serve as a predictive biomarker for the
degree of ICB response in glioma patients.
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