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Background: Transforming growth factor beta-induced (TGFBI) protein has been found expressed in 
several cancer types, and expression levels of TGFBI can affect the cancer patients’ outcomes, but the role of 
TGFBI in glioblastoma multiforme (GBM) remains obscure.
Methods: The TGFBI expression levels in GBM were performed via Gene Expression Profiling Interactive 
Analysis (GEPIA) and UALCAN databases. Further, the mutations types of TGFBI were analyzed by using 
the cBioportal dataset. LinkedOmics selected correlated genes, kinases, and microRNA (miRNA) targets 
of TGFBI. GEPIA conducted the prognostic value of TGFBI and correlated genes. Then, the relationship 
between TGFBI and immune infiltrates was performed by Tumor Immune Estimation Resource (Timer). 
We compared the TGFBI protein expression levels in GBM and control samples through the Human 
Protein Atlas (HPA). Finally, the GSCAlite was used to achieve the drugs, and molecules target the TGFBI 
and significantly correlated genes.
Results: TGFBI is significantly overexpressed in GBM, but the clinical features do not have considerable 
influence on TGFBI expression levels. Overexpression of TGFBI acts as an adverse biomarker of GBM. 
The enrichment function of TGFBI showed that the main biological functions, including extracellular 
matrix (ECM) organization, angiogenesis, leukocyte migration, T cell activation, cell cycle G2/M phase 
transition, and growth factor binding. About the significant correlated genes, overexpression of mitogen-
activated protein kinase 13 (MAPK13) [Log-rank P=0.08 HR (high) =1.4], myosin IG (MYO1G) [Log-rank 
P=0.06 HR (high) =1.4], plasminogen activator urokinase receptor (PLAUR) [Log-rank P=0.03 HR (high) 
=1.5], thrombomodulin (THBD) [Log-rank P=0.028 HR (high) =1.5] indicated the poor prognosis of GBM. 
Further, TGFBI had a significant association with dendritic cell (DC) infiltrates (cor =0.516, P=9.00e−30). 
The higher the DC infiltration, the shorter survival of GBM. TGFBI protein expression levels were not 
significantly different in GBM and normal tissue. Finally, TGFBI is associated with resistance to belinostat, 
LAQ824, CAY10603, CUDC-101, methotrexate, 5-fluorouracil, and navitoclax.
Conclusions: In the present study, we showed TGFBI was overexpressed in GBM, and TGFBI is 
associated with DC cell infiltrates. Overexpression of TGFBI and high DC infiltration might be an adverse 
biomarker of GBM. Finally, TGFBI is associated with tumor multi-drug resistance.
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Introduction 

Glioma is the most typical cancer type that occurs in the 
central nervous system, with a high ratio of mortality. Since 
the location of the tumor is secret, most patients do not 
have any symptoms; this cannot cause the glioma patients 
to undergo early diagnosis and treatment. Malignant glioma 
can be divided into glioblastoma multiforme (GBM, WHO 
grade IV astrocytoma) and lower-grade gliomas (LGGs, 
WHO grade II/III) base on their biological characters and 
GBM is the most aggressive subtype that leads to the poor 
prognosis (1). Nowadays, the treatment methods of glioma 
are a combination of surgical resection with radiotherapy 
or/and chemotherapy (2). To date, with knowledge of 
mechanism of tumorigenesis and progress for GBM. Expect 
for traditional radiotherapy or/and chemotherapy, there 
were some novel therapy regimens to treat GBM patients 
such as temozolomide, gene therapy, and immunotherapy 
(3-5). With the development of treatment regimens, the 
glioma patients’ lifespan has been lengthened. However, 
it is remaining a significant challenge for curing GBM 
patients (6). There were many molecular biomarkers that 
including O6-methylguanine-DNA methyltransferase, 
epidermal growth factor receptor (EGFR), platelet-derived 
growth factor alpha receptor, isocitrate dehydrogenase, 
and miRNAs could serve as the molecular biomarker 
for diagnosing or therapeutics targets of GBM (7-10). 
Nevertheless, the underlying mechanisms of tumorigenesis, 
migration, proliferation, and drug resistance are still 
unclear. Therefore, it is urgently needed to explore a more 
sensitive and specific biomarker for diagnosing, monitoring, 
even as the therapy targets of GBM patients. 

Transforming growth factor beta-induced (TGFBI) 
protein is an extracellular matrix (ECM) protein regulation 
by transforming growth factor β (11). Li et al. study reveals 
that this protein serves as the inhibitor of tumor growth (12). 
TGFBI is differentially expressed in various cancer types. 
Overexpression of TGFBI was observed in oral squamous 
cell carcinoma (OSCC) (13), esophageal squamous cell 
carcinoma (ESCC) (14), and pancreatic cancer (15). 
Overexpression TGFBI can enhance the growth ability 
of OSCC that indicates the higher expression TGFBI, 

the poorer prognosis of OSCC (13). The upregulation 
of TGFBI appeared as an adverse biomarker for colon 
cancer and ESCC patients as well (14). However, the 
downregulation of TGFBI was associated with trastuzumab 
resistance in breast cancer (16). Further, Yan et al. research 
indicated that inhibiting the TGFBI can induce cancer 
cell proliferation (17). These results show the TGFBI 
is differentially expressed in multiple cancer, and the 
biological function of TGFBI may be different in different 
cancer types. Some studies reveal the TGFBI is detectable 
in glioma. For example, Guo et al. study showed the glioma 
tissues with the higher expression of TGFBI than control 
samples, and the overexpression of TGFBI led to the 
enhance the proliferation and migration of glioma cells (18). 
However, the precise underlying mechanisms of TGFBI in 
multiple cancer types are still unclear. Guo et al. study that 
had approved GBM patients with higher TGFBI expression 
levels, overexpression TGFBI may leaded to poor outcome 
of GBM. It is regrettable that they did not investigated 
the main biological function, significant regulators, and 
the drugs targets of TGFBI. So, in this study, we used 
bioinformatics to explore the TGFBI expression levels and 
investigated the relationship between TGFBI expression 
levels and prognosis in GBM. Further, the potential 
biological, signaling pathway, regulators of TGFBI 
expression, and the drug targets will be comprehensively 
analyzed via several public databases. 

Methods

Gene expression profiling interactive analysis (GEPIA)

GEPIA is a web-based tool to deliver fast and customizable 
functionalities from The Cancer Genome Atlas (TCGA), 
and Genotype-Tissue Expression (GTEx) project provides 
essential interactive functions, including differential 
expression analysis, profiling plotting, correlation analysis, 
and patient survival analysis (19). The TGFBI expression 
levels in various human cancer types and GBM were 
performed via GEPIA, respectively. We also used the 
GEPIA to perform the survival curve of TGBFI and the 
significance related to TGFBI.
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UALCAN dataset analysis

The UALCAN (http://ualcan.path.uab.edu) is an easy-
to-use, interactive web-portal that can perform in-depth 
analyses of TCGA gene expression data (20). To further 
analyze the factors that affect the TGFBI expression in 
GBM. The UALCAN database was used to perform the 
TGFBI expression levels with different clinical features.

cBioPortal database analysis

The cBioPortal for Cancer Genomics (http://cbioportal.
org) provides a Web resource for exploring, visualizing, and 
analyzing multidimensional cancer genomics data (21). We 
explored the mutated types and mutated location of TGFBI 
in GBM via cBioPortal.

The LinkedOmics dataset

The LinkedOmics database (http://www.linkedomics.
org) has multi-omics data and clinical data for 32 cancer 
types forming 11,158 patients from the TCGA project. It 
provides a unique platform for scholars to access, analyze, 
and compare cancer multi-omics data within and across 
tumor types (22). The “LinkFinder” module was used to 
investigate differentially expressed genes within the TCGA 
GBM cohort. The “LinkInterpreter” module was used to 
perform analysis of kinase targets and microRNA (miRNA) 
targets for TGFBI. Results were analyzed for significance 
using the spearman’s correlation test. The P value cutoff 
was 0.05.

Construction of protein-protein network by GeneMANIA

GeneMANIA is a commonly used website for performing 
protein-protein interaction (PPI) network analysis and 
predicting the function of preferred genes (23). This user-
friendly online tool can display gene or gene lists using 
bioinformatics methods, including gene co-expression, 
physical interaction, gene co-location, gene enrichment 
analysis, and website prediction. We constructed the 
TGFBI PPI network via GeneMANIA.

Tumor immune estimation resource (timer) analysis 

TIMER web server is a comprehensive resource for 
systematical analysis of immune infiltrates across diverse 
cancer types. The abundances of six immunes infiltrate 

(B cells, CD4+ T cells, CD8+ T cells, Neutrophils, 
Macrophages, and Dendritic cells) are estimated by the 
TIMER algorithm. TIMER web server allows users to 
input function-specific parameters, with resulting figures 
dynamically displayed to conveniently access the tumor 
immunological, clinical, and genomic features (24). 
We investigated the relation TGFBI between immune 
infiltration, the association between GBM patients’ 
prognosis and immune cell infiltration, and the effect 
factors of immune infiltration via the TIMER dataset.

The analysis of Human Protein Atlas (HPA)

The HPA (http://www.proteinatlas.org) aims to map all 
the human proteins in cells, tissues, and organs using 
the integration of various omics technologies, including 
antibody-based imaging, mass spectrometry-based 
proteomics, transcriptomics, and systems biology (25). 
We used the HPA database to investigate the differential 
TGFBI protein expression between normal and GBM 
tissue.

The GSCALite analysis

GSCALite is a web-based analysis platform for gene set 
cancer analysis. As the cancer genomics big data available, it 
is especially useful and urgent to supply a platform for gene 
set analysis in cancer. The expression of each gene in the 
gene set was performed by Spearman correlation analysis 
with the small molecule/drug sensitivity (IC50) (26). We 
used it to investigate the potential role of TGFBI and its 
significant related genes in several cancer pathways, and 
further explored the potential drug targets of these defined 
genes.

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013).

Statistical analysis

The gene expression, survival analysis, and the protein-
protein network relations P value <0.05 is considered a 
significant difference in our study.

Results

The TGFBI transcriptional expression analysis

The analysis of TGFBI transcriptional expression in various 
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tumor types and GBM. The GEPIA dataset was used to 
perform the TGFBI expression in GBM, and the TGFBI 
expression levels in GBM independently conducted via 
GEIPA. Several clinical features may affect gene expression, 
including age, gender, co-mutated genes, among many 
others. Therefore, the subgroup analysis was analyzed via 
the UALCAN database. The significant overexpression of 
TGFBI in human cancer types included cervical squamous 
cell carcinoma and endocervical adenocarcinoma (CESC). 
It also included colon adenocarcinoma (COAD), diffuse 
large B-cell lymphoma (DLBCL), esophageal carcinoma 
(ESCA), GBM, head and neck squamous cell carcinoma 
(HNSC), kidney renal clear cell carcinoma (KIRC), 
kidney renal papillary cell carcinoma (KIRP), brain LGG, 
liver hepatocellular carcinoma (LIHC), ovarian serous 
cystadenocarcinoma (OV), pancreatic adenocarcinoma 
(PADD), rectum adenocarcinoma (READ), stomach 
adenocarcinoma (STAD), testicular germ cell tumors 
(TGCT), thymoma (THYM), and uterine carcinosarcoma 
(UCS), but the significant downregulation of TGFBI 
was observed in kidney chromophobe (KICH) and skin 
cutaneous melanoma (SKCM) (Figure 1A). The difference 
of TGFBI expression levels in GBM was shown in  
Figure 1B. On the clinical features, we reanalyzed the 

TGFBI expression levels in various clinical status as 
well. The results indicated that the TGFBI was a higher 
expression in GBM samples (Figure 2A), but the expression 
levels of TGFBI did not have differences in different 
clinical statuses that including gender, age, co-mutated 
tumor protein 53 (TP53), and race (Figure 2B,C,D,E). We 
also used the UALCAN dataset to explore the relationship 
between the promoter methylation of TGFBI in various 
clinical status (gender, age, co-mutated TP53, and race). 
The results showed that no difference had found between 
GBM and the control samples (Figure 3A,B,C,D,E). These 
clues showed that TGFBI might play a key role in several 
cancer types that including GBM.

c-BioPortal analysis

There are several mutation types for genes, including 
missense, amplification, and deep deletion. The different 
mutated types may lead to a different function of genes. To 
investigate the TGFBI mutated type in GBM, we used the 
c-Bioportal to analyze the mutated types and the location 
of the mutation. The mutated types of TGFBI in GBM 
were missense and deep deletion (Figure 4A). The mutated 
location of TGFBI was shown in Figure 4B.

Figure 1 TGFBI expression levels in various human cancer types. (A) Upregulation or downregulation of TGBFI in different human 
cancers between tumor and healthy samples. (B) TGFBI expression in GBM and healthy samples conducted via GEIPA. TGFBI, 
transforming growth factor beta-induced; GBM, glioblastoma multiforme; GEPIA, Gene Expression Profiling Interactive Analysis.
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Survival analysis of TGFBI

We used the GEPIA database to perform the prognostic 
role of TGFBI in GBM. The result showed that higher 
TGFBI expression leads to shortening the overall survival 
of GBM patients [HR (high) =1.6, P=0.0082] (Figure 5). 
This result showed that TGFBI expression levels had a 
significant role in the prognosis of GBM patients.

Correlated significant genes analysis

Carcinogenesis is a complicated process, except for the 
TGFBI, there are several genes aberration take part in 
this process. Herein, we explored the associated genes 
(top 50 positively and negatively) of TGFBI, further the 
significant related (cor ≥0.6) genes of TGFBI to analyze 
the prognostic role in GBM. The results showed the top 50 
positively and negatively associated genes (Figure 6A,B,C). 
There are nine significant related genes of TGFBI that 
including thrombomodulin (THBD; Spearman correlation 
=0.761, P value =0e+00), myosin IG (MYO1G; Spearman 
correlation =0.7324, P value =0e+00), Fc fragment of IgG 
receptor IIb (FCGR2B; Spearman correlation =0.7274, P 

value =0e+00), stabilin-1 (STAB1; Spearman correlation 
=0.7199,	P value =0e+00), plasminogen activator urokinase 
receptor (PLAUR; Spearman correlation =0.7174, P 
value =0e+00), coagulation factor XIII A chain (F13A1; 
Spearman correlation =0.7037, P value =0e+00), ADAM 
metallopeptidase domain 8 (ADAM8; Spearman correlation 
=0.6837, P value =0e+00), mitogen-activated protein 
kinase 13 (MAPK13; Spearman correlation =0.6698, P 
value =0e+00), hexokinase 3 (HK3; Spearman correlation 
=0.6674, P value =0e+00) (Figure 7A,B,C,D,E,F,G,H,I). 
The prognostic role of selected genes in GBM indicated 
that overexpression of MAPK13 (Log-rank P=0.08 HR 
(high)=1.4), MYO1G [Log-rank P=0.06 HR (high)=1.4], 
PLAUR [Log-rank P=0.03 HR (high)=1.5], THBD 
[Log-rank P=0.028 HR (high)=1.5] leaded to the adverse 
outcomes of GBM patients, but the expression levels of 
FCGR2B, STAB1, F13A1, ADAM8, MAPK13, and HK3 
did not have important role in GBM patients’ prognosis 
(Figure 8A,B,C,D,E,F,G,H,I). 

Enrichment functions analysis of TGFBI

The Linkomics dataset was used to construct the biological 
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Figure 2 The association between TGFBI expression levels and several clinical statuses. (A) Compared cancer and healthy samples; GBM 
sample with higher expression of TGFBI, (B) patients age, (C) co-mutated with TP53, (D) race, (E) patients gender. TGFBI, transforming 
growth factor beta-induced; GBM, glioblastoma multiforme; TP53, tumor protein 53.
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process (BP), cellar component (CC), molecular function 
(MF), and the KEGG pathway of TGFBI in GBM to give 
insight into the biological functions of TGFBI in GBM. 

The analysis results indicated the primary biological 
functions of TGFBI, including leukocyte migration, 
granulocyte activation, regulation of inflammatory response, 
T cell activation, cell cycle G2/M phase transition, synaptic 

vesicle cycle, glutamate receptor signaling pathway, and so 
on (Figure 9A,B,C). TGFBI also an essential part of several 
pathways that including cytokine binding, ECM structural 
constituent, carbohydrate-binding, catalytic activity, acting 
on DNA, and histone binding (Figure 9D). Further, we used 
the GENEMANIA to conduct the PPI network of TGFBI. 
The result showed that the functions of TGFBI and the 
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interacted gene, including ECM organization, angiogenesis, 
blood vessel development, leukocyte migration, platelet-
derived growth factor binding, and growth factor binding 
(Figure 10). These results showed that the biological 
functions of TGFBI, including regulation of immune 
response, cell cycle, angiogenesis, and growth factor 
binding. These results further confirm the critical role of 
TGFBI in GBM.

Kinase and miRNA targets of TGFBI

Gene expression and the signaling pathway transduction 
are affected by several factors, among the regulators, the 
most important regulators, including kinase, TFs, and 
the miRNA. The LinkedOmics database was used to 
search for the significant kinase, TFs, miRNA targets of 
TGFBI to find the regulators that regulate the TGFBI 
expression and transduction in GBM. The results showed 
that the significant related miRNAs targets including MIR-
192, MIR-215, MIR-376, MIR-9, MIR-188, MIR-520A, 
MIR-525, MIR-516-3P, MIR-329, MIR-331, MIR-154, 
MIR-487, MIR-499, MIR-210, MIR-450, and MIR-503  
(Figure 11A). The kinase targets of TGFBI in GBM 
including lymphocyte-specific kinase (LCK) proto-
oncogene (Src family tyrosine kinase), LYN proto-oncogene 
(Src family tyrosine kinase), spleen associated tyrosine 
kinase (Syk), cyclin-dependent kinase 2 (CDK2), checkpoint 
kinase 1, ATM sering/threonine kinase, and ATR/threonine 
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Figure 7 The selected significant correlated genes of TGFBI in GBM (LinkedOmics). (A,B,C,D,E,F,G,H,I) The scatter plots show 
spearman-correlation of TGFBI expression with expression of THBD, MYO1G, FCGR2B, STAB1, PLAUR, F13A1, ADAM8, MAPK13, 
and HK3. THBD, thrombomodulin; MYO1G, myosin IG; FCGR2B, Fc fragment of IgG receptor IIb; STAB1, stabilin 1; PLAUR, 
plasminogen activator urokinase receptor; F13A1, coagulation factor XIII A chain; ADAM8, ADAM metallopeptidase domain 8; MAPK13, 
mitogen-activated protein kinase 13; HK3, hexokinase 3; TGFBI, transforming growth factor beta-induced; GBM, glioblastoma multiforme.
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Figure 8 Prognostic analysis of genes correlated with TGFBI in GBM (GEPIA). (A,B,C,D,E,F,G,H,I) The prognostic value of correlated 
genes THBD, MYO1G, FCGR2B, STAB1, PLAUR, F13A1, ADAM8, MAPK13, and HK3. THBD, thrombomodulin; MYO1G, myosin 
IG; FCGR2B, Fc fragment of IgG receptor IIb; STAB1, stabilin 1; PLAUR, plasminogen activator urokinase receptor; F13A1, coagulation 
factor XIII A chain; ADAM8, ADAM metallopeptidase domain 8; MAPK13, mitogen-activated protein kinase 13; HK3, hexokinase 3; 
TGFBI, transforming growth factor beta-induced; GBM, glioblastoma multiforme.

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

P
er

ce
nt

 s
ur

vi
va

l
P

er
ce

nt
 s

ur
vi

va
l

P
er

ce
nt

 s
ur

vi
va

l

P
er

ce
nt

 s
ur

vi
va

l
P

er
ce

nt
 s

ur
vi

va
l

P
er

ce
nt

 s
ur

vi
va

l
P

er
ce

nt
 s

ur
vi

va
l

P
er

ce
nt

 s
ur

vi
va

l

P
er

ce
nt

 s
ur

vi
va

l

Overall survival

Overall survival

Overall survival

Overall survival

Overall survival

Overall survival

Overall survival

Overall survival

Overall survival

Months

Months

Months

Months

Months

Months

Months

Months

Months

0 20 40 60 80

0 20 40 60 80

0 20 40 60 80

0 20 40 60 80

0 20 40 60 80

0 20 40 60 80

0 20 40 60 80

0 20 40 60 80

0 20 40 60 80

Low MAPK13 TPM 
High MAPK13 TPM 
Logrank P=0.08 
HR (high) =1.4 
p (HR) =0.083 
n (high) =81 
n (low) =81

Low PLAUR TPM 
High PLAUR TPM 
Logrank P=0.03 
HR (high) =1.5 
p (HR) =0.031 
n (high) =81 
n (low) =81

Low F13A1 TPM 
High F13A1 TPM 
Logrank P=0.093 
HR (high) =1.4 
p (HR) =0.092 
n (high) =81 
n (low) =81

Low ADAM8 TPM 
High ADAM8 TPM 
Logrank P=0.095 
HR (high) =1.4 
p (HR) =0.091 
n (high) =81 
n (low) =81

Low FCGR2B TPM 
High FCGR2B TPM 
Logrank P=0.069 
HR (high) =1.4 
p (HR) =0.069 
n (high) =81 
n (low) =81

Low STAB1 TPM 
High STAB1 TPM 
Logrank P=0.058 
HR (high) =1.4 
p (HR) =0.059 
n (high) =81 
n (low) =81

Low THBD TPM 
High THBD TPM 
Logrank P=0.028 
HR (high) =1.5 
p (HR) =0.029 
n (high) =81 
n (low) =81

Low MYO1G TPM 
High MYO1G TPM 
Logrank P=0.06 
HR (high) =1.4 
p (HR) =0.062 
n (high) =81 
n (low) =81

Low NOD2 TPM 
High NOD2 TPM 
Logrank P=0.11 
HR (high) =1.3 
p (HR) =0.11 
n (high) =81 
n (low) =81

A

D

G

B

E

H

C

F

I



6496 Yin et al. The role of TGFBI in glioblastoma multiforme 

© Translational Cancer Research. All rights reserved. Transl Cancer Res 2020;9(10):6487-6504 | http://dx.doi.org/10.21037/tcr-20-2906

kinase (Figure 11B). These clues further showed NRIP1 
functioned as an essential function in various cancers.

Timer analysis

To date, many studies have approved that the immune 
infiltrates may have a key role in the prognosis and therapy 
response of cancer patients. Therefore, we used the TIMER 
database to explore the relationship between TGBFI and 
different immune cells infiltrates and further investigate 

whether immune infiltrates have a deep influence on GBM 
patients’ prognosis. The results showed that TGFBI had 
a significant positive correlation with dendritic cell (DC) 
infiltrates (cor =0.516, P=9.00e−30). However, TGFBI 
had a negative relation with tumor purity (cor =−0.301, 
P=2.98e−10), CD8+ T cell (cor =−0.262, P=5.66e−08), B 
cell (cor =−0.099, P=4.35e−02) (Figure 12A). Further, we 
explored the association between somatic copy number 
aberration (CAN) and an abundance of immune infiltration. 
The results proved that arm-level gain and arm-level 

Figure 9 Functions enrichment of TGFBI (LinkedOmics). (A) Biological process (BP) of TGFBI in GBM, (B) cellar component (CC) of 
TGFBI in GBM, (C) molecular functions (MF) of TGFBI in GBM, (D) Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway in 
TGFBI. TGFBI, transforming growth factor beta-induced; GBM, glioblastoma multiforme.

Figure 10 Protein-protein interaction network of TGFBI (GeneMANIA). PPI network and functional analysis showing the gene 
set enriched in the target network of TGFBI. Distinct colors of the network edge show the bioinformatics methods applied: physical 
interactions, co-expression, predicted, co-localization, pathway, genetic interactions, and shared protein domains. The distinct colors for 
the network nodes show the biological functions of the sets of enrichment genes. TGFBI, transforming growth factor beta-induced; PPI, 
protein-protein interaction.
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deletion were the most important impactors for CD8+ T 
cell and DC infiltrates, respectively (Figure 12B). Finally, we 
also used the TIMER database to investigate the association 
between immune infiltrates and the prognosis of GBM 
patients. The results showed that the higher DC infiltrates 
the poorer outcomes of GBM, and this survival analysis 
also confirmed the overexpression of TGFBI indicated the 
adverse outcome of GBM (Figure 12C).

HPA analysis

We used the HPA to prove the TGFBI protein expression 
levels in normal and tumor brain samples. The results of 
immunohistochemistry showed that glioma samples with 
higher TGFBI protein expression than the control brain 
samples (Figure 13A,B). 

GSCAlite analysis 

We used the GSCAlite database to explore the role of 
TGFBI and the significantly related genes in several cancer 
pathways, and further find the potential drugs or small 
molecules that target these defined genes. The results 
showed that MAPK13, MYO1G, PLAUR, FCGR2B, 
STAB1 F13A1, ADAM8, HK3, TGFBI, and THBD severed 
as the activators or inhibitors of epithelial-mesenchymal 
transition (EMT) and apoptosis. They also served as 
an essential part of several cancer pathways, including 
DNA damage response, cell cycle, receptor tyrosine 
kinases (RTK), and the other significant cancer pathways  
(Figure 14A). Further, we conducted the relation network 
between genes and the cancer pathways. The results showed 
that THBD as activation of the EMT signaling pathway, 

Figure 11 miRNA targets and kinases targets of NRIP1 (LinkedOmics). (A) Kinases targets of TGFBI, (B) miRNA targets of TGFBI. 
TGFBI, transforming growth factor beta-induced; GBM, glioblastoma multiforme.
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but as the inhibition of hormone ER and RTK pathways 
(Figure 14B). These genes have severed as a vital part of 
these cancer pathways. We also used the GSCAlite to 
investigate the small molecules and drug that targets these 
genes or cancer pathway, and the results showed MYO1G 
and 

Many molecules or drugs can inhibit FCGR2B, 
including TL-1-85, NG-25, I-BET−762, PHA-793887, 
methotrexate, 5-fluorouracil, BHG712, among many 
others. However, TGFBI is associated with drug resistance, 
including belinostat, LAQ824, CAY10603, CUDC-101, 
Methotrexate, 5-fluorouracil, Navitoclax, among many 
others (Figure S1). These results showed that the TGFBI 
might have a significant relationship with resistance to 
chemotherapy.

Discussion

Despite the development of diagnosing and therapy 
regimens, the therapy efficacy of GBM does not meet 
the clinician’s expectations. The potential mechanisms of 
GBM tumorigenesis, drug resistance, metastasis, and tumor 
immune response remain obscure. Herein, the novel and 
sensitive biomarker for diagnosing and guiding the therapy 
regimens is urgently needed. To date, many studies have 
confirmed the oncogene aberration is one of the most 
notable events in tumorigenesis, cancer relapse, response to 
therapy, and influence on prognosis. The aberrant TGFBI 
was found in several cancer types (12,15,27). The correct 
biological functions of TGFBI in GBM is still unclear. 
TGFBI products the ECM protein implicated as a putative 

tumor suppressor in recent studies.
From there, we used the public database to explore 

the difference of TGFBI expression between GBM and 
normal samples, further investigate whether the TGFBI 
expression levels have a profound influence on GBM 
patients’ prognosis. The results showed that GBM patients 
with significantly higher TGFBI expression levels than the 
control samples, but the GBM patients’ clinical features 
did not have an impact on TGFBI expression. The 
overexpression of TGFBI leads to an adverse prognosis 
of GBM. To date, several studies explored the essential 
functions of TGFBI in GBM. Pan et al. research indicated 
TGFBI could be a biomarker for diagnosing (28).

Further, Guo et al. study revealed that enhanced TGFBI 
expression led to accelerating glioma cell proliferation and 
migration (18). Regrettably, these studies did not explore 
the regulators of TGFBI expression, the significantly 
related genes of TGFBI, and the potential drugs and 
molecules target TGFBI. The selected significant 
correlated genes that including MAPK13, MYO1G, 
PLAUR, FCGR2B STAB1, F13A1, ADAM8, HK3, and 
THBD. Upregulation of MAPK13, MYO1G, PLAUR, and 
THBD indicated an adverse outcome of GBM. Yasuda et 
al. study showed that MAPK13 expressed in gynecological 
cancer stem cells (CSCs) and maintenance the CSCs, and 
acted as a driver for tumorigenesis as well (29). MAPK13 
as the biomarker for diagnosing cholangiocarcinoma (CC) 
and its functions were the regulator of motility and invasion 
of CC cells (30). Zhan et al. study revealed that MYO1G 
could serve as the diagnostic biomarker for papillary 
thyroid cancer (31). Higher PLAUR expression may induce 

Figure 13 The TGFBI protein expression in brain tissue (HPA). (A) TGFBI protein expression in normal stomach tissue; (B) TGFBI 
protein expression in GBM tissue. HPA, Human Protein Atlas; TGFBI, transforming growth factor beta-induced; GBM, glioblastoma 
multiforme.
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the gefitinib resistance in human lung adenocarcinoma 
via regulation of the EGFR/P-AKT/Survivin signaling  
pathway (32). However, no study explored the role 
of THBD in cancer. These results showed that the 
significantly correlated genes (had a profound influence on 
GBM patients’ prognosis) also a crucial role in the other 
cancer types, including drug resistance and cancer cell 
migration. 

The PPI network and the analysis of enrichment 
functions indicated that the critical biological functions, 
including interacted genes including ECM organization, 
angiogenesis, leukocyte migration, T cell activation, cell 
cycle G2/M phase transition, and growth factor binding. 
Among these essential biological functions, the ECM 
organization, angiogenesis, T cell activation, and cell cycle 
G2/M phase transition is one of the most critical events in 
cancer (33-36). With these, TGFBI further acts as a vital 
part of oncogenesis and progression.

Many crucial factors regulate Oncogene expression, 
including kinases, TFs, and miRNA targets of TGFBI. 

We can find LCK, LYN, Syk, CDK2, checkpoint kinase 
1, ATM sering/threonine kinase, and ATR/threonine 
kinase targets of TGFBI. Schwarz et al. showed that LYN-
activating mutations were associated with antiestrogen 
resistance for breast cancer patients with estrogen receptor-
positive (37). LYN also acted as the tumor driver in 
gastric cancer cells via activation of the mitochondrial 
apoptotic pathway and inhibition of the Wnt/β-catenin 
and AKT/mTOR pathways (38). LCK was detectable in 
multiple cancer types, including breast cancer (39), colon  
cancer (40), and lung carcinoma (41). The expression of 
LCK was a risk factor of tumor recurrence for CC (42). 
Syk was detectable in ovarian cancer (43). Further, the 
ATM kinase, ATR kinase, and CDK2 even could severe as 
the anticancer targets (44,45). From there, we can further 
conclude that TGFBI acts as a critical role in GBM. 
However, no research that investigates the relationship 
GBM with these kinases.

To date ,  increased studies  have approved that 
dysregulation of miRNAs is one of the most significant 

Figure 14 The role of TGBFI and significantly correlated genes in several cancer pathways (GSCAlite) (A) These defined genes serve as 
the inhibition or activation in several cancer pathways. (B) The network of selected genes and the cancer pathways. TGFBI, transforming 
growth factor beta-induced.
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events in carcinogenesis, therapy response, tumor cell 
migration. In the present study, we used the LinkOmics 
database to select the significant target miRNAs of TGFBI. 
The miRNAs including MIR-192, MIR-215, MIR-376, 
MIR-9, MIR-188, MIR-520A, MIR-525, MIR-516-3P, 
MIR-329, MIR-331, MIR-154, MIR-487, MIR-499, MIR-
210, MIR-450, and MIR-503. Chen t al. study showed 
that MIR-192 was overexpressed in prostate cancer (PCa), 
and the upregulation of MIR-192 led to enhance cancer 
cell proliferation (46). Chen et al. research revealed that 
MIR-9 acted as the promotor of glioma by activating the 
myelocytomatosis oncogene (MYC) and OCT4 (47). These 
results show some target miRNAs of TGFBI function as 
the tumor promoters. However, there are several target 
miRNAs of TGFBI severe as tumor suppressors. Li 
et al. study showed MIR-188 inhibited the glioma cell 
proliferation and cell cycle progression through targeting 
β-catenin (48).

MIR-215 is a tumor suppressor for inhibition of the 
papillary thyroid cancer proliferation, migration, and 
invasion via targeting ARFGEF1 (49). MIR-210, MIR-
154, MIR-331, and MIR-503 had been observed in 
multiple cancer types (50-53). These clues showed that 
the target miRNAs of TGFBI also played a crucial role in 
tumorigenesis and progression.

Except for the regulator of TGFBI expression, the 
tumor microenvironment acts as a significant role in 
therapy resistance, metastasis, and tumor relapse. Among 
the elements of the tumor microenvironment, the immune 
infiltrates may be one of the most important ones. With 
better learning immune infiltrates, many clues showed 
it could have a profound influence on cancer patients’ 
prognosis. Therefore, we used the TIMER dataset to 
explore whether TGFBI has a significant correlation with 
immune cell infiltration. TGFBI had a positive correlation 
with DC infiltrates.

Interestingly, the higher the DC infiltration, the shorter 
survival of GBM. Some studies investigated the efficacy of 
DC vaccines for glioma (54,55). The accurate functions of 
various immune cell infiltrate in GBM still needed to be 
further investigated.

Tumorigenesis is a complicated process; the oncogene 
aberration often leads to the dysregulation of the cancer 
pathway. Further, the final goal of cancer research is that 
it should supply valuable information to find new therapy 
methods for cancer patients. In this study, we also used 
the public database to investigate the role of MAPK13, 
MYO1G, PLAUR, FCGR2B, STAB1 F13A1, ADAM8, 

HK3, TGFBI, and THBD in several cancer pathways, 
and find the drugs and small molecules that target these 
genes. Our results showed that all the selected genes took 
part in several cancer pathways, and most are activators in 
these cancer pathways. The results of the drug sensitivity 
of MAPK13, MYO1G, PLAUR, FCGR2B, STAB1 
F13A1, ADAM8, HK3, TGFBI, and THBD showed many 
molecules or drugs could inhibit MYO1G and FCGR2B, 
including TL-1-85, NG-25, I-BET-762, PHA-793887, 
methotrexate, 5-fluorouracil, BHG712. However, TGFBI 
is associated with drug resistance, including belinostat, 
LAQ824,  CAY10603,  CUDC-101,  methotrexate , 
5-fluorouracil, navitoclax, among many others. Regrettably, 
the TGFBI, and the glioma drug resistance do not have 
been explored. From these, TGFBI could function as an 
adverse biomarker for GBM. 

Conclusions

In this study, we showed TGFBI was overexpressed in 
GBM, and TGFBI is associated with DC cell infiltrates. 
Overexpression of TGFBI and high DC infiltration can 
function as an adverse biomarker of GBM. The biological 
functions of TGFBI in GBM, including ECM organization, 
angiogenesis, leukocyte migration, T cell activation, cell 
cycle G2/M phase transition, and growth factor binding. 
Targets miRNAs of TGFBI that MIR-9 and MIR-188 had 
a significant relation with GBM. Significantly correlated 
genes of TGFBI played a crucial role in several cancer 
pathways, MAPK13, MYO1G, PLAUR, and THBD had 
a profound influence on prognosis. Finally, TGFBI is 
associated with tumor multi-drug resistance. There are 
several limitations for our study that including no validation 
experiments TGFBI expression levels, miRNA targets, and 
Timer analysis.
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Figure S1 The drug sensitivity of selected genes (GSCAlite).
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