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Bioinformatics investigation of the
prognostic value and mechanistic
role of CD9 in glioma

Jing Jiang®?, Bo Jiang'** & Wen-bin Li***

In recent years, CD9 has been extensively studied as a potential biomarker for cancer. However, the
biological role of CD9 in gliomas remains unclear. This study investigates the function of CD9 in gliomas
and its molecular mechanisms. Utilizing pan-cancer analysis with TCGA, CGGA, and GEO databases,
differential expression of CD9 was observed in 11 tumor types within the TCGA cohort, and it was
associated with patient survival rates. Analysis of the CGGA glioma database revealed that patients
with high CD9 expression had lower survival rates. The area under the ROC curve (AUC) for GSE16011
was greater than 0.7, indicating a high discriminative ability. Through gene set enrichment analysis
(GSEA), immune-related analysis, and CD9 mutation detection, CD9 was found to have the strongest
correlation with neutrophil involvement (cor=0.30, P < 0.05), and the high CD9 expression group
exhibited higher rejection responses and TIDE scores, suggesting a lower likelihood of successful
immunotherapy. The high CD9 expression group was more sensitive to 81 drugs, indicating potential
therapeutic effects for gliomas. Furthermore, overexpression of CD9 in gliomas may be associated
with gene mutations. Down-regulation or up-regulation of CD9 expression in the glioblastoma cell line
LN229 showed that CD9 could positively regulate the migratory ability of LN229 cells. Further, several
marker genes, such as VEGFR-2, TGF-B1, CASP1 and PI3K, were down regulated in CD9 knockdown
cell lines and up regulated in CD9 overexpression cell lines, compared with control cell line. This study
preliminarily explores the role of CD9 in gliomas and its prognostic value, providing new insights for
personalized treatment strategies in glioma therapy.
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Abbreviations

GBM Glioblastoma multiforme

GBMLGG  Glioblastoma multiforme and lower-grade glioma
PAAD Pancreatic adenocarcinoma

UVM Uveal melanoma

oV Ovarian cancer

KIRC Renal cell carcinoma

SARC Sarcoma

COAD Colorectal adenocarcinoma

LUSC Lung squamous cell carcinoma

PRAD Prostate adenocarcinoma

HNSCC Head and neck squamous cell carcinoma
AUC Area under curve

DCs Human dendritic cells

EVs Extracellular vesicles

GSC Glioma stem cells

Gliomas are the most common primary tumors of the central nervous system (CNS), originating from
neuroglial cells, as a prevalent form of CNS tumor, and are notably aggressive and malignant!. Approximately
80-85% of adult malignant brain tumors are gliomas, which are characterized by diffuse infiltration into the
brain parenchyma. The fifth edition of the World Health Organization (WHO) classification of CNS tumors
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categorizes these tumors into grades 1-4, with about 49% of malignant brain tumors being glioblastomas and
30% being diffuse infiltrative low-grade gliomas®. Lower grade gliomas (LGGs) encompass grades 1 and 2, while
high-grade gliomas (HGGs) include grades 3 and 4. Currently, the classification of gliomas has entered the
era of molecular profiling. Based on molecular genetic characteristics, gliomas can be classified into different
molecular subtypes. The most commonly identified subtypes include IDH-mutant gliomas, 1p/19q codeleted
gliomas, and MGMT promoter methylated gliomas®. IDH mutations are present in the majority of lower-grade
gliomas (LGGs), with mutations in IDH1 and IDH2 being the most prevalent. These mutations alter cellular
epigenetics by inhibiting histone and DNA methylation, thereby impeding the normal differentiation process of
cells and creating a cellular state conducive to malignant transformation>®. Moreover, compared to their IDH
wild-type counterparts, IDH-mutant gliomas are associated with a better prognosis and treatment response’.
Gliomas with 1p/19q codeletion, characterized by the concurrent loss of chromosomal arms 1p and 19q, are
typically associated with oligodendrogliomas and are linked to a favorable chemotherapy response and longer
survival. Gliomas with MGMT promoter methylation result in reduced expression of the MGMT protein, which
is associated with increased sensitivity to chemotherapeutic agents, thereby correlating with a better treatment
response and prognosis®. The consensus treatment strategy for gliomas remains a combination of surgical
resection, chemotherapy, and radiotherapy, yet the overall 5-year survival rate for patients remains low, and the
rate of postoperative recurrence is high, significantly impacting the quality of life of patients®. Therefore, it is
urgent to identify potential therapeutic targets to advance precision and individualized treatment.

CD9, also known as Motility-related protein-1 (MRP-1), is a member of the Transmembrane 4 superfamily
(TM4SF)°. CD9 is presented on a variety of human cell membranes and extracellular vesicle membranes,
playing important roles in intercellular contact, cell-extracellular matrix interactions, integrin-dependent cell
migration, signal transduction, membrane fusion, apoptosis, inflammation, proliferation, and differentiation.
These processes contribute to the mediation of various diseases such as infections, tumors, and inflammatory
conditions, influencing their onset and progression'®-!2. On one hand, CD9 acts as a tumor suppressor plays
an inhibitory role in tumor growth and progression. In prostate cancer patients, the progression of the disease
is accompanied by a decrease in CD9 levels due to the absence or mutation of its transcripts, with significant
differences observed between clinically localized and advanced stages of the disease. This suggests that CD9
inactivation may play a crucial role in the progression of prostate cancer, as confirmed in clinical settings'>.
On the other hand, CD9 may also affect tumor recurrence, progression, and colonization by promoting the
formation of tumor blood and lymphatic vessels'*!%, and has been extensively studied in recent years as a tumor
marker. The expression levels of CD9 are closely related to the prognosis of various tumors. In pancreatic cancer,
high expression of CD9 has been correlated with poorer prognosis'¢, and in cutaneous melanoma, high CD9
expression is associated with adverse outcomes and a higher rate of lymph node metastasis'’. Blake et al.'®
observed that in the non-small cell lung cancer (NSCLC) model A549 cell line, CD9 enhanced cell migration
towards chemotactic agents, including IL-16. Podergajs et al.' performed transcriptomic analysis on GBM
tissues and compared them with normal brain tissues, discovering a significant upregulation of the CD9 gene.
An over twofold increase in CD9 expression was associated with a shorter survival period in patients. GBM stem
cells with silenced CD9 exhibited altered activation patterns in protein kinase B (Akt), mitogen-activated protein
kinase (MapK), and signal transducer and activator of transcription protein 3 (Stat3) signaling pathways. In vivo
orthotopic xenografts in nude mice with CD9-silenced GBM stem cells resulted in prolonged survival times.
However, this has limited implications for treatment guidance, and has not clarified effective therapeutic targets
and the biological role of CD9 in gliomas. This study primarily employs bioinformatics analysis methods to
investigate the association between CD9 and the prognosis of glioma patients. It further examines the biological
pathways involved, the relationship with the immune microenvironment, and drug sensitivity. This research
aims to provide new theoretical support and reference for guiding the rational treatment of glioma patients and
prolonging their survival.

Materials and methods

Data source

To begin with, transcriptomic data and survival information for 33 cancers were downloaded from The Cancer
Genome Atlas (TCGA) database (https://portal.gdc.cancer.gov/). Among them, glioblastoma multiforme
(GBM) and brain lower grade glioma (LGG) were combined to form the glioma samples, which contained 687
tumor samples and was referred to as the TCGA-glioma (GBMLGG) dataset. Additionally, expression data,
survival information, and clinical information for the CGGA_693 cohort containing 693 glioma samples were
downloaded from the Chinese Glioma Genome Atlas (CGGA) database (http://www.cgga.org.cn/), called the
CGGA-glioma dataset. Furthermore, GSE16011 and validation set CSE68848 were retrieved from the Gene
Expression Omnibus (GEO) database (https://www.ncbi.nlm.nih.gov/geo/), where GSE16011 included 276
glioma samples, 8 control samples and CSE68848 included 443 glioma samples, 28 control samples.

CD9 pan-cancer analysis

To examine CD9 expression in different types of cancer, CD9 gene expression were analyzed and compared
in 32 cancer tumor and control groups from the TCGA cohort using Wilcoxon test. Then, to evaluate the
prognostic value of CD9 in various cancers, all cancer samples in TCGA cohort were divided into high and low
expression groups depending on median value of CD9 expression, and Kaplan-Meier (K-M) survival analysis
was performed by survival package (v 3.5-3) to obtain the survival differences in overall survival (OS), disease
specific survival (DSS), and progression free interval (PFI) between 2 expression groups in pan-cancers using
Log-rank test (P <0.05).
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CD9 expression analysis in glioma

To further understand expression trend of CD9 in glioma, the expression of CD9 in tumors and controls was
analyzed and compared by Wilcoxon test in GSE16011, external validation of CD9 expression in different
groups was also performed using the validation set GES68848. Moreover, CD9 expression differences in various
clinical characteristics (age, gender, IDH mutation, and radiation) of TCGA-glioma and in different clinical
characteristics (grade, IDH mutation, and X1p19q codeletion status) in CGGA-glioma were compared (P < 0.05).
In CGGA-glioma, glioma samples were also sorted into high/low expression groups based on CD9 expression
median value. K-M survival curves were plotted to assess OS difference in 2 expression groups through survival
package with log-rank test. Notably, no DSS or PFI information in CGGA-glioma. In addition, to assess the
diagnostic capability of CD9 for glioma, Receiver Operating Characteristic (ROC) curve in GSE16011 was
drawn using pROC package (v 1.18.0)%.

Gene set enrichment analysis (GSEA) for CD9

The clusterProfiler package was utilized to perform GSEA on the CD9 gene with adj. P value <0.05. In TCGA-
glioma, Spearman’s correlation coeflicients were calculated between CD9 and all other genes. The genes were
then ranked in ascending order based on their correlation coefficients to obtain a list of related genes. The KEGG
gene set (c2.cp.kegg.v2023.1.Hs.symbols.gmt) from MsigDB database was selected as the background gene set.
On the other hand, differential analysis was performed between 2 expression groups (high vs. low expression
groups), log,FC was calculated for all genes, and then all genes were sorted by log,FC in ascending order to
obtain the list of related genes corresponding to CD9. The background gene set was HALLMARK gene set from
the MsigDB database, which was h.all.v2023.1.Hs.symbols.gmt (adj. P <0.05).

Immune cell infiltration analysis

In order to assess immune levels of CD9 high/low expression groups in glioma patients, the TCGA-glioma
cohort was applied to analyze infiltration of 22 immune cells through CIBERSORT algorithm in IOBR package
(v0.99.9)?!, and scores were computed with each immune cell. Next, the immune cells with low expressing levels
were filtered, and the differences in remaining immune cells between 2 expression groups were compared by
Wilcoxon test (P <0.05). Further, correlation analysis was performed between immune cells as well as CD9 and
immune cells via Spearman’s method.

Immune checkpoints and prediction of immunotherapy effects

Immune checkpoints were crucial in preventing autoimmune effects. In TCGA-gliomas, the expression levels
of 48 immune checkpoints were compared between CD9 high/low expression groups using Wilcoxon test
(P<0.05). Then, correlation of differential immune checkpoints and CD9 was analyzed by Spearman’s method.
The TIDE score was utilized to assess the likelihood of tumor immune escape. The TIDE, dysfunction, and
exclusion scores were obtained from the TIDE database for TCGA-glioma patients.

Drug sensitivity analysis

In chemotherapy, the ability of the drug to inhibit cell growth was stronger when the semi-inhibitory
concentration (IC ) of drug was lower, indicating that the tumor was more sensitive to the drug, resulting in
more effective cancer treatment. The R pRRophetic package (v 0.5)** was utilized to evaluate the IC,, values of
drugs in TCGA-glioma samples. Then, correlation analysis of differential drugs and CD9 expression in TCGA-
glioma was performed using Spearman’s correlation analysis.

Mutation analysis of CD9
To understand the mutation profile of CD9, TCGA-glioma data were selected to analyze the mutation profile of
CD9 through cBioPortal (http://www.cbioportal.org/).

Celllines and cell culture

The glioblastoma cell lines LN229 (right frontal parieto-occipital glioblastoma of human brain) was purchased
from American Type Culture Collection (ATCC). The cells were maintained in an incubator at 37 °C with 5%
CO, and cultured in high glucose DMEM medium, supplemented with 10% fetal bovine serum, 100 mg/mL
streptomycin and 100 U/mL penicillin.

Cell transfection

The full length of CD9 was synthesized and cloned into YOE-LV001 to construct the overexpression vector. The
overexpression and shRNA vectors were transfected into LN229 using Lipofectamine 2000 (Invitrogen, USA)
following the manufacturer’s instructions. The LN229 cells were also transfected with YOE-LV001and shRNA of
non-targeting control sequence as negative controls.

RNA isolation and quantitative real-time polymerase chain reaction

Total RNA was extracted using TRIZOL reagent (Solarbio, China) and quantified by Nanodrop2000
spectrophotometer (Thermo Fisher Scientific, USA). Then, the total RNA was synthesized into first strand
c¢DNA with PrimeScript RT Reagent Kit (Takara, China). The cDNA was amplified with 2x M5 Ultra SYBR
Mixture (Mei5bio, China) on a Bio-Rad CFX96 system (Bio-Rad, USA). B-actin was used as the reference gene.
The expression data were calculated with2=22CT, The primers sequences are detailed in Supplementary Table S1.
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Western blotting

GBM cells were collected and lysed in RIPA lysis buffer (Beyotime, China). The protein concentrations were
determined using a BCA Protein Assay Kit (Beyotime, China). Total cell lysates containing 26 ug of protein
were separated using SDS-PAGE and transferred onto polyvinylidene fluoride (PVDF) membranes (Millipore,
USA). After blocking with 5% non-fat dry milk in TBST for 30 min, membranes were incubated with primary
antibodies (anti-CD9 antibody diluted at 1:1000) at 4 °C overnight. Then, washed membranes were hybridized
with HRP-conjugated secondary antibody (diluted at 1:5000) at room temperature for two hours. Protein bands
were visualized by ECL (Santa Cruz Biotechnology, USA) and detected using the ECL Detection System.

Transwell assay

For transwell assays, 1x10° cells were plated in 200 pL of serum-free medium on upper chambers. After
incubation for 24 h, migrated cells in lower chambers were fixed with methanol, stained with crystal violet, and
photographed using a microscope. Cell counting was conducted using Image].

Statistical analysis
R software (v 4.2.2) was applied to execute statistical analysis, with P <0.05 as statistical significance.

Results

The DSS was significantly different between CD9 high and low expression groups for GBM
LGG

In the TCGA cohort, CD9 was differentially expressed between tumor and control samples in 11 kinds of
cancers (P<0.05), (Fig. 1) for instance, breast cancer (BRCA), cholangiocarcinoma (CHOL), colorectal cancer
(COAD), etc. Notable differences (P <0.05) were existed between CD9 high/low expression groups for 6 out
of 32 cancers in OS, namely GBMLGG, pancreatic adenocarcinoma (PAAD), KIRC, uveal melanoma (UVM),
sarcomatoid carcinoma (SARC), and ovarian cancer (OV) (Fig. 2). For DSS, remarkable differences (P <0.05)
were seen between 2 expression groups for GBMLGG, kidney renal clear cell carcinoma (KIRC), PAAD, COAD,
UVM, lung squamous cell carcinoma (LUSC), and SARC of 31 cancers (no DSS data for acute myeloid leukemia
(LAML)) (Fig. 3). In regard to PFI, there were significant differences (P < 0.05) between both expression groups
for 5 (GBMLGG, KIRC, UVM, prostate adenocarcinoma (PRAD), PAAD) of the 31 cancers (no LAML) (Fig. 4).

CD9 highly expressed in glioma group of GSE16011

Differences in expression showed that CD9 highly expressed in tumor group of GSE16011 (Fig. 5a). This is
consistent with the external validation results (Fig. 5b). In TCGA-glioma, CD9 expression was higher in age > 65,
male, no IDH mutation, and radiation (Fig. 5¢). CD9 expression difference in grade, IDH mutation, and X1p19q
codeletion status of CGGA-glioma were also remarkable (Fig. 5d). The CD9 pan-cancer prognostic analysis
indicated that CD9 was linked to OS, DSS, and PFI survival in glioma. Further, we analyzed the difference in OS
between high/low expression groups of CGGA-glioma, and found that the survival rate of patients was lower in
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Fig. 1. CD9 expression levels in different types of cancers from the TCGA database (*P <0.05, **P<0.01,
P <0.001, ***P<0.0001).
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Fig. 2. Kaplan-Meier OS curve of human tumors with high and low CD9 expression analyzed by the TCGA
database.

Scientific Reports|  (2024) 14:24502 | https://doi.org/10.1038/s41598-024-74109-w nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

TCGA-GBMLGG DSS TCGA-KIRC DSS
CD9 group =+ High—expression -+ Low—expression CD9 group = High—expression -+ Low—expression
= 1.00+ =2 1.00
2 y £
=1 0.75- I 0.75
[ Ny 4%.1 &
g 0.50+ k- g 0.50
B b =
=1 & Te =
2 025+ p<0.0001™ : @ 025} p - 0.00061
0.00- — 0.00
a 0 2000 4000 6000 a 0 1000 2900 3000 4000
§ Number at riskT'me § Number at ﬁsleme
:\nHigh*expression-BZ 21 4 I ;{’High expression {260 160 63 24 0
2 Low—expression 1333 38 10 0 £ Low-expression 1260 143 57 16 3
g 0 2000 4000 6000 b 0 1000 2000 3000 4000
Time Time
TCGA-PAAD DSS TCGA-COAD DSS
CD9 group — High—expression -- Low—expression CD9 group — High—expression -- Low—expression
2 =
= 1.00¢ =
£ 2
S 5. S
£ 07 , £
ﬁ;“ 0.50- i e S TR F RS E
g . : g
% 0257 p=0.00065 + &= 0251 p=0.0015
0.00+ 0.00
- 0 1000 2000 3000 - 0 1000 2000 3000 4000
2 s Time 2 s Time
g Number at risk =] Numbecr at risk
:High*exprcgsiow 87 10 3 0 ;)liigh expression {137 47 17 L] 2
€ Low expression : 86 12 3 0 2 Low—cxpression {136 43 14 7 4
“ 0 1000 2000 3000 © 0 1000 2000 3000 4000
Time Time
TCGA-UVM DSS TCGA-LUSC DSS
o CD9 group — High—expression -+ Low—expression - CD9 group — High—expression -~ Low—expression
= 1.00{ =
e : z
c 0.75 LR S e =
& &
£ 0.50- E
: ,
Z 0257 p=0.0079 % 0251 p=0.023
0.00+ :: 0.00
0" 500 10001500 2000 2500 0 1000 2000, 3000 4000 5000
& . Time & . ¢
5] Number at risk gﬂ Number at risk
;nlligh expression139 25 14 2 0 0 o High—cxpression{215 74 30 13 35 0
& Low—cxpression 140 30 15 4 2 1 2 Low—expression {225 70 24 10 3 0

C

od 0 500 1000 1500 2000 2500 0 1000 2000 3000 4000 5000
Time Time
TCGA-SARC DSS
. CD9 group == High-expression -+ Lowexpression
= 1.007
2
c 0.75
é 0.50 Wyt
= .
Z 025 p=0.04
0.00-
& 0" 10002000 30004000 5000 6000
2 Number at riskTlme
SHigh expression{1290 64 27 11 3 1 0
£ Low—cxpression(127 57 20 7 3 1 0

€

0 1000200030004000 5000 6000
Time

Fig. 3. Kaplan-Meier DSS curve of human tumors with high and low CD9 expression analyzed by the TCGA
database.
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Fig. 4. Kaplan—Meier PFI curve of human tumors with high and low CD9 expression analyzed by the TCGA

database.
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Fig. 5. CD?9 is highly expressed in tumor groups. (a) GSE16011 database showed that CD9 mRNA expression
in tumor tissues was higher than that in normal tissues; (b) Validation set GES68848 showed that CD9

mRNA expression in tumor tissues was higher than that in normal tissues. (¢) TCGA database indicated

that CD9 mRNA expression was high in patients older than 65 years-old, male, IDH wild type, and receiving
radiotherapy; (d) CGGA database indicated that the expression level of CD9 was WHO4 > WHO2 > WHO3,
and CD9 mRNA was highly expressed in patients with IDH wild type and X1p19q without co-deletion; (e)
CGGA database indicated that patients with glioma with high expression of CD9 had lower OS; (f) Area under
ROC curve (AUC)=0.785, indicating that CD9 has a high differentiation ability for GSE16011 samples.
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CD?9 high expression group (Fig. 5e). ROC curve has a good ability to distinguish samples in GSE16011, with
area under curve (AUC)=0.785 (Fig. 5f).

KEGG and Hallmark pathways involved in CD9

By GSEA in TCGA-glioma, CD9 was enriched in ‘allograft rejection, ‘intestinal immune network for IGA
production, ‘ribosome’ etc. pathways in KEGG (Fig. 6a). In GSE16011, CD9 was enriched in ‘epithelial
mesenchymal transition, ‘hypoxia, ‘interferon alpha response; etc. Hallmark pathways (Fig. 6b).

CD9 was associated with neutrophils

The stacked plot illustrated the abundance of the 22 immune cells between CD9 high/low expression groups
samples in TCGA-glioma (Fig. 7a). Then, of 17 remaining immune cells, abundance of 14 immune cells differed
markedly in 2 expression groups (Fig. 7b). For the 14 differential immune cells, regulatory T cells (Tregs) had the
highest positive correlation with resting memory CD4 T cells (cor =0.58, P < 0.05) and resting mast cells had the
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Fig. 7. Association analysis between CD9 and immune cells. (a) The abundance of immune cells in the
samples of high and low CD9 expression groups in the TCGA database; (b) The immune cells of the high

and low CD9 expression groups were infiltrated differentially; Yellow represents high CD9 expression group,
blue represents low CD9 expression group. (c) Differential immune cell correlation heat map; Red represents
positive correlation, blue represents negative correlation, the darker the color, the higher the correlation; Blank
indicates no significant (d) CD9 is associated with differential immune cells.

highest negative correlation with activated mast cells (cor = — 0.82, P<0.05) (Fig. 7c). Additionally, CD9 had
the highest correlation with neutrophils (cor=0.30, P <0.05) (Fig. 7).

Glioma patients with CD9 high expression might have a higher likelihood of immune escape
and a lower success rate of immunotherapy

Regarding 48 immune checkpoints, 40 immune checkpoints were differentially expressed in the CD9 high and
low expression groups of TCGA-glioma (P <0.05) (Fig. 8a). The correlation analysis revealed that 39 immune
checkpoints were correlated with CD9 (Fig. 8b). Among them, CD44 had the highest positive correlation with
CD9 (cor=0.51, P<0.05). Moreover, exclusion and TIDE scores were significantly higher in the CD9 high
expression group, implying a higher likelihood of immune escape and less successful immunotherapy (Fig. 8¢).

BIRB.0796 and Z.LLNIle.CHO could be potential drugs for gliomas

In 138 anticancer drugs, the IC, of a total of 119 drugs had notable differences between CD9 high/low expression
groups (P<0.05), of which 81 drugs had higher sensitivities in CD9 high expression group and 38 drugs had
higher sensitivities in CD9 low expression group (Fig. 9a). The top 5 drugs most positively and negatively
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Fig. 8. Glioma patients with high CD9 expression may have a lower success rate of immunotherapy. (a)
Immune checkpoints with different expression of CD9 in high and low expression groups (P value <0.05);
(b) Correlation between differential immune checkpoint and CD9; (¢) TIDE fractions in high and low CD9
expression groups; Red indicates the CD9 high expression group, green indicates the CD9 low expression
group.

correlated with CD9 were presented. BIRB.0796 was highest positively correlated with CD9 (cor =0.48, P <0.05)
and Z.LLNle.CHO had the highest negative correlation with CD9 (cor = — 0.59, P<0.05) (Fig. 9b). The IC50 of
these 10 drugs in 2 expression groups were also shown (Fig. 9¢).

High CD9 expression in gliomas might be related to gene mutation
The mutation frequency of CD9 was 2.1% in TCGA-glioma. Most of the mutations were amplification (Fig. 10a).
Figure 10b showed the distribution of mutations in the structural domains of the CD9 protein.

CD9 could regulate the migration of glioblastoma cell lines

To investigate the role of CD9 on migration of glioblastoma cell lines, short hairpin RNA was designed to
knock down CD9 expression in LN229 cell line. The knockdown efficiency was evaluated using western blot
analysis (Fig. S1) and shCD9-1 was selected for further study (Fig. 11a). Subsequently, the trans well assays was
carried out to evaluate cell proliferation and the results showed that CD9 knockdown significantly decreased the
migratory ability of LN229 cells (Fig. 11b, ¢). Additionally, LN229 cells were transfected with CD9 overexpression
vector and negative control respectively. qRT-PCR analysis showed that the expression level of CD9 was notably
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Fig. 9. Drug sensitivity analysis of patients with high or low CD9 expression level. (a) Drug sensitivity of
patients in high and low CD9 expression groups. Red indicates drugs with high sensitivity in patients with
high CD9 expression, green indicates drugs with high sensitivity in patients with low CD9 expression, and gray
indicates drugs with no sensitivity difference between high and low CD9 expression groups; (b) Correlation
between drug IC50 and CD9. The top five drugs most negatively associated with CD9 are shown above, and
the top five drugs most positively associated with CD9 are shown below. (c) IC50 values of the top5 drugs most
positively and negatively correlated with CD9. The top 5 drugs most negatively correlated with CD9 are shown
above, and the top 5 drugs most positively correlated with CD9 are shown below.
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Fig. 10. The expression level of CD9 in gliomas might be related to gene mutation; (a) Mutation analysis of
CD9Y; (b) CD9 protein domain mutation distribution.

upregulated in CD9 overexpression lines (Fig. 11d). Transwell assay demonstrated that the migratory ability of
LN229 cells with overexpression of CD9 was significantly increased compared to the negative control (Fig. 11e,
f). Then, vascular endothelial growth factor receptor-2 (VEGFR-2), transforming growth factor betal (TGF-f1),
caspase 1(CASP1) and phosphoinositide 3-kinase (PI3K), which were differentially expressed in Hallmark
pathways, were selected to check if the gene expression level was associated with CD9. The results showed that
all these genes were down regulated in CD9 knockdown cell lines and up regulated in CD9 overexpression cell
lines, compared with control LN229 cell lines (Fig. 11g). All these results demonstrated that CD9 could increase
the migration of glioblastoma cells through mediating several essential pathways.

Discussion

Gliomais the most common primary tumor of the central nervous system, and based on histological characteristics,
gliomas can be classified into astrocytomas, oligodendrogliomas, and ependymomas, among others. Studies
have revealed that the expression of CD9 in astrocytic tumors correlates with their degree of malignancy?.
Conversely, in non-astrocytic gliomas, including oligodendrogliomas, anaplastic oligodendrogliomas, and
ependymomas, immunohistochemical techniques have detected no immunoreactivity for CD9, indicating that
the CD9 molecule is no longer expressed in these types of brain tumor counterparts®.Its overexpression is
directly correlated with a lower survival rate and is considered a potential marker of glioma stem cells (GSC)".
This study employs bioinformatics methods to retrieve relevant information from multiple databases, exploring
the association between CD9 and tumorigenesis, its prognostic value in glioma, and the potential molecular
mechanisms involved.

In our investigation of transcriptomic data and survival information for pan-cancer and gliomas across
TCGA, CGGA, and GEO databases, we identified differential expression of CD9 in tumor versus control
samples across 11 cancer types, which correlated with patient survival outcomes. Specifically, in diseases such
as GBMLGG, PAAD, UVM, and OV, higher expression levels of CD9 were associated with poorer prognoses.
Conversely, in KIRC, SARC, COAD, LUSC, and PRAD, patients with elevated CD9 expression demonstrated
more favorable survival outcomes. This suggests that there may be similar developmental patterns among these
cancers, which could inform subsequent research on gliomas by referencing the molecular mechanisms involved
in the tumorigenesis and progression of other tumors. This could not only guide more in-depth studies but also
provide a theoretical foundation for the development of broad-spectrum anticancer therapies.

Compared to its expression in healthy brain tissue, CD9 is overexpressed on glioblastoma stem cells, and
may be associated with the CD9 mutation. It has been found that during the progression of prostate cancer, the
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Fig. 11. CD?9 increased cell migration of glioblastoma cell lines. (a) western blot analysis of CD9 abundance
in vector-control cells (shNC) and CD9 short hairpin cells (shCD9); (b,c) trans-well assay results showed that
knockdown of CD9 gene significantly inhibited the proliferative ability of LN229 cell lines; (d) qRT-PCR of
CD9 mRNA expression in vector-control cells (0eNC) and CD9-overexpressing cells (0eCD9); (e,f) trans-well
assay showed that overexpression of CD9 gene significantly enhanced the proliferative ability of LN229 cell
lines; (g) QRT-PCR of VEGFR2, TGF-p1, CASP1 and PI3K mRNA expression in LN229, shCD9 and 0eCD9
cell lines. Asterisks indicate significant differences with respect to values of vector control (Student’s -test):
**P<0.01.

expression of CD9 is significantly reduced or even lost, which may be associated with the absence and mutation
of CD9 mRNAZ. The silencing of CD9 in glioblastoma stem cells followed by xenotransplantation into nude
mice has been shown to prolong survival’®. The pro-apoptotic and anti-proliferative properties of anti-CD9
monoclonal antibodies have been confirmed in vitro in human gastric cancer cell lines and in vivo in SCID mice
engrafted with these malignant cell lines'®. Our study demonstrates that in the CGGA glioma cohort, patients
with high CD9 expression have a lower survival rate. Differences in CD9 expression persist across ages, genders,
IDH mutation statuses, and radiotherapy conditions.

The expression of CD9 increased after neoadjuvant chemoradiotherapy in colorectal adenocarcinoma
patients?®, Jennrich S?” reported that CD9 and CD81-positive extracellular vesicles (EVs) were detected in the
supernatant of all glioblastoma cells, and the release of CD9 and CD81-positive EVs increased after radiotherapy-
induced cell apoptosis. Although EV's secreted by non-irradiated cells did not predict radiosensitivity, increased
EV release after irradiation was associated with a cytotoxic response to radiation therapy 72 h after irradiation,
suggesting a novel application of EVs in the monitoring of anticancer therapy. Our study suggests that the
expression of CD9 in glioma patients after radiotherapy is higher than that in patients without radiotherapy,
which is consistent with the literature report, suggesting that there may be a certain correlation between
radiotherapy and CD9 expression. It is hypothesized that radiotherapy induces epigenetic remodeling, such
as DNA methylation and histone modifications®®, which in turn affects cellular signaling pathways. These
alterations can influence the expression of CD9. Additionally, during radiotherapy, the DNA damage response
activates repair mechanisms, conferring radioresistance to the tumor. This process involves pathways related
to damage detection, signal transduction, and activation of cell cycle checkpoints. CD9 is implicated in
various physiological activities of the cell, including signal transduction and cell proliferation. Therefore, the
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occurrence of a DNA damage response may stimulate the expression of CD9. At this juncture, if CD9 function
is compromised, it could lead to impaired apoptotic mechanisms and obstructed signal transduction, disrupting
the normal function of signaling pathways. This disruption may affect the DNA damage response and repair
pathways, potentially resulting in genetic mutations. Further studies are needed to verify the effect of radiotherapy
on CD9Y. Studies have identified that mutations in isocitrate dehydrogenase (IDH) lead to the accumulation of
D-2-Hydroxyglutarate (D2HG) within cells, surpassing physiological levels. This accumulation acts to inhibit
normal cellular differentiation by inducing epigenetic dysfunctions, thereby promoting tumor progression®.
Epigenetic mechanisms, such as DNA methylation and histone modifications, may regulate the expression of
the CD9 gene by affecting its chromatin structure, playing a pivotal role particularly in the downregulation of
CD9%. Our research has revealed that, compared to the wild-type IDH, the expression of CD9 is significantly
downregulated in the IDH mutant group. Consequently, it can be inferred that the epigenetic alterations caused
by IDH mutations may regulate the expression of CD9. However, to elucidate the specific reasons for this
differential expression, further studies involving functional experiments such as overexpression or knockdown
of epigenetic modifying enzymes, as well as the analysis of clinical data, are required.

In the GSE16011 tumor group, high expression of CD9 was observed, with an area under the ROC curve
(AUC) greater than 0.7, indicating a high discriminatory capacity. Based on these findings, we conducted an
in-depth investigation into the impact of CD9 on the survival of patients with gliomas, as well as potential
signaling pathways, immunological relevance, and drug sensitivity. Based on the diversity of cell types and
associated molecules, CD9 exhibits a multitude of biological activities, such as cell adhesion, migration, signal
transduction, inflammation, and processes related to tumorigenesis'*¥1-3. STAT3 is a signaling pathway
associated with inflammation, and Shi et al.® discovered that CD9 stabilizes GP130 by inhibiting ubiquitin-
dependent lysosomal degradation, thereby promoting the activation of STAT3 in SC). CD?9 is essential for the
self-renewal and proliferation of GSC. Our results are consistent with literature studies, suggesting that CD9 is
an adverse prognostic factor for glioma.

Our study revealed that CD9 exhibits the highest correlation with neutrophils. Neutrophils, as integral
components of the tumor microenvironment (TME), are abundantly present in circulation and can exert
carcinogenic effects by promoting angiogenesis and immune suppression®. Glioblastoma releases a variety
of chemokines and cytokines that enhance the recruitment of neutrophils within the TME*. This increased
recruitment of neutrophils is associated with the progression of glioblastoma and may also contribute to the
development of therapeutic resistance®. CD9 is expressed in multiple cell types, including immune and tumor
cells, and is involved in intercellular interactions, signal transduction, and cell migration. Studies have found
that CD9 can regulate the stability of the gp130 protein, which mediates the activation of key pro-survival
pathways such as angiogenesis®. Therefore, it can be hypothesized that CD9 may indirectly promote the
formation of the GBM vascular network by affecting the angiogenic function of neutrophils. Given the relevance
of CD9 to neutrophils, immunotherapeutic strategies might need to consider targeting CD9 as a potential
immunomodulatory target. By inhibiting the expression or function of CD9, it may be possible to reduce the
pro-tumorigenic activities of neutrophils, thereby enhancing anti-tumor immune responses.

Our study identifies BIRB.0796 and Z.LLNle.CHO as potential pharmacological agents for the treatment of
glioma. BIRB.0796 has been identified as an inhibitor of MMP-1 and MMP-10 mRNA expression. MMP-1 and
MMP-10 are pivotal members of the matrix metalloproteinase (MMP) family, which play a crucial role in the
degradation of the extracellular matrix, tissue remodeling, and the invasion and metastasis of tumors. These
enzymes facilitate the alteration of the cellular microenvironment by degrading components of the extracellular
matrix, thereby influencing biological behaviors such as cell proliferation, migration, and apoptosis. Clinically,
the expression levels of MMP-1 and MMP-10 have become important markers for assessing cancer progression
and prognosis®*~*2. Z-LLNle-CHO, a y-secretase inhibitor, impedes the activity of y-secretase and the Akt-
mediated pro-survival pathway, thus inhibiting cell proliferation and survival®’. Studies have found that the
combination of y-secretase inhibitors (GSIs) with radiotherapy is a rational strategy for treating patients with
non-small cell lung cancer (NSCLC). Treatment with GSIs following radiotherapy can significantly enhance
radiation-mediated cytotoxicity in tumor cells**. Given its ability to induce apoptosis in tumor cells and affect
cell survival pathways, it may contribute to overcoming resistance in glioblastoma multiforme (GBM), although
this requires specific research on GBM cell lines and temozolomide (TMZ) resistance to validate.

When CD9 is used as a potential tumor-associated antigen molecular target, the widespread expression of
CD?9 in various tissues and organs must be considered, and the effect of using anti-CD9 antibodies, especially
when combined with toxins or cytotoxic drugs, can be complicated.

In our cellular experiments, we discovered that CD9 enhances the migratory capacity of glioblastoma cells.
We conducted qRT-PCR analyses on several pathway genes identified through bioinformatics analysis and
observed that key genes such as VEGFR-2 and PI3K exhibited corresponding expression changes in cell lines
with upregulated or downregulated CD9. These findings suggest that CD9’s influence on the migratory ability of
glioblastoma cell lines may be associated with these pathways. Our results indicate that CD9 could be a potential
oncogenic driver and therapeutic target in glioblastoma.

Our study delves into the role of CD9 in cancer progression and patient clinical outcomes, providing
novel scientific support for personalized treatment strategies in gliomas. However, there are limitations to our
research. Although we have conducted preliminary investigations into the function of CD9 in gliomas at the
cellular and molecular levels, our findings lack direct in vivo evidence. Future research should include animal
model experiments to validate the role of CD9 in the onset and progression of gliomas and to assess its potential
value in clinical therapy. Additionally, our study did not encompass all possible glioma subtypes. Comparisons
between IDH mutant and wild-type variants were not addressed. More comprehensive clinical samples and data
are needed to conduct a deeper analysis of CD9 expression across different glioma subtypes and its relationship
with clinical characteristics.
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Conclusion

In this study, we primarily employed bioinformatics methods to analyze the differential expression of CD9
across various tumor types and its prognostic value in gliomas. Our findings indicate that high expression of
CD?9 is associated with poor prognosis in glioma patients. We further investigated the association between CD9
expression and patient prognosis in glioma, delving into the underlying biological pathways, the connection with
the immune microenvironment, and drug sensitivity. Our findings offer new theoretical support and reference
for the treatment of patients with glioma, potentially guiding more effective therapeutic strategies.

Data availability

The TCGA-glioma (GBMLGG) dataset utilized in this study was sourced from The Cancer Genome Atlas
(TCGA) database (https://portal.gdc.cancer.gov/), while the CGGA-glioma dataset was acquired from the Chi-
nese Glioma Genome Atlas (CGGA) database (http://www.cgga.org.cn/). Additionally, GSE16011 and valida-
tion set CSE68848 were obtained from the Gene Expression Omnibus (GEO) database (https://www.ncbi.nlm.
nih.gov/geo/).
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