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Transforming growth factor-beta-induced (TGFBI) protein has important roles in tumor
growth, metastasis, and immunity. However, there is currently no pan-cancer evidence
regarding TGFBI. In this study, we conducted a pan-cancer analysis of TGFBI mRNA and
protein expression and prognoses of various cancer types using public databases. We also
investigated the associations of TGFBI expression with tumor microenvironment (TME)
components, immune cell infiltration, tumor mutational burden (TMB), and microsatellite
instability (MSI), along with the TGFBI genetic alteration types. The results showed that TGFB/
expression varied among different cancer types, and it was positively or negatively related to
prognosis in various cancers. TGFBI expression was also significantly correlated with TME
components, TMB, MSI, immune cell infitration, and immunoinhibitory and
immunostimulatory gene subsets. These findings indicate that TGFBI participates in
various immune responses and it may function as a prognostic marker in various
cancers. The findings may be useful for developing immunotherapies that target TGFBI.

Keywords: TGFBI, pan-cancer, immune subtype, tumor microenvironment, prognoses, drug responses

INTRODUCTION

Transforming growth factor-beta-induced (TGFBI) protein, also known as keratoepithelin or Pig-
H3, is involved in extracellular matrix (ECM) formation. It can help to bind integrin to ECM proteins
such as fibronectin, laminin, and collagen. It was first found in human lung adenocarcinoma cell line.
TGFBI protein (68 kDa) has a secretory signal peptide sequence at the N-terminus, a cysteine-rich
domain (known as EMI), an Arg-Gly-Asp (RGD) motif, and four internal homologous repeat
domains (known as fasciclin 1 [FAS1]) at the C-terminus. The RGD motif and FAS1 domain play key
roles in tumorigenesis and development (Skonier et al., 1992). TGFBI is a conserved connective
protein that has important roles in cell proliferation, differentiation, adhesion, migration, embryonic
development, and inflammation (Kim et al., 2002; Thapa et al., 2007).

In recent years, an increasing number of cancer research has found that TGFBI plays a crucial role in
tumor growth, metastasis, and immunosuppression (Wang et al., 2019; Fico and Santamaria-Martinez,
2020 Steitz et al., 2020). The FAS1 domain and RGD motif can bind to integrins a3f1, a5f1, and a6f1
to regulate the PI3K-AKT-mTOR signaling pathway, reduce cell death or promote cell survival,
and increase metastasis and angiogenesis (Razumilava and Gores, 2014). TGFBI can also activate the
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FAK-MAPK-ERK signaling pathway to increase Ca2" and regulate
calpain. It thereby stimulates matrix-metalloproteinase (MMP)
secretion and alterations in the tumor microenvironment (TME)
and cell adhesion, ultimately leading to tumorigenesis, tumor
invasion, and metastasis (Ma et al,, 2012). Interestingly, TGFBI
exhibits dual functions in ovarian cancer (OV) by acting as both a
tumor promoter and suppressor. Some studies have shown that
upregulated TGFBI can act as a tumor promoter in esophageal
squamous cell carcinoma (Ozawa et al., 2016), colon cancer (Ma
et al., 2008), gastric cancer (Han et al,, 2015), and bladder cancer
(Bhagirath et al., 2012). For example, TGFBI is highly expressed in
glioblastoma multiforme (GBM) and is related to DC cell infiltration,
which is an adverse biomarker of GBM (Yin et al., 2020). In addition,
downregulated TGFBI, acting as a tumor suppresser, can cause
tumor growth in breast cancer (Li et al., 2012), lung cancer (Wen
et al., 2011a), and mesothelioma (Wen et al., 2011b). However, there
is still no pan-cancer information about the roles of TGFBI in
various types of cancer based on large clinical datasets.

With the rapid development of various public databases, pan-
cancer analysis can be used to obtain a profile of any gene of interest,
including its associations with cancer (based on analyses comparing
tumor and matched normal tissues) and with prognosis, and its
potential molecular mechanisms. Here, for the first time, we
conducted a pan-cancer analysis of TGFBI mRNA and protein
expression and prognoses across various cancer types using
several public databases such as, Gene Expression Omnibus
(GEO), The Cancer Genome Atlas (TCGA), Oncomine, and
Human Protein Atlas (HPA) databases. We also assessed the
associations between TGFBI expression and immune cell
infiltration, immunomodulatory genes, TME components, tumor
mutational burden (TMB), tumor microsatellite instability (MSI),
and molecular pathways in various types of cancer, along with the
types of TGFBI genetic alterations.

MATERIALS AND METHODS

TCGA Data and Processing

TCGA database (http://cancergenome.nih.gov) is a landmark public
cancer genomics program that, as of 2021, had analyzed molecular
characteristics of more than 20,000 primary cancer and normal samples
covering 33 cancer types. We used The University of California Santa
Cruz (UCSC) Xena website (https://xenabrowser.net/) to collect TGFBI
data from the TCGA database including RNA-Seq data, clinical data,
DNA methylation data, and stemness scores (Goldman et al., 2020).
Strawberry Perl (http://strawberryperl.com/; version 5.32.0) was used to
obtain the TGFBI expression data from the TCGA database and
construct a data matrix for further analysis.

TGFBI Expression Analysis

A comprehensive website TIMER2 (Tumor Immune Estimation
Resource, http://timer.cistrome.org/; version 2) was used to
systematic analysis the differential gene expression between
different cancer types and normal tissues (Li et al., 2017). The
“Gene_DE” module was used to compare TGFBI expression
between various cancer types with adjacent normal tissues
using TCGA data.

Pan-Cancer Analysis of TGFBI

A comprehensive website UALCAN (http://ualcan.path.uab.
edu/analysis.html) can analyze protein expression using data
from the Clinical Proteomic Tumor Analysis Consortium
(CPTAC) database and the TCGA database (Chandrashekar
et al,, 2017). The “CPTAC” module of UALCAN website was
used to investigate TGFBI protein expression in various tumors
and adjacent normal tissues. p < 0.05 was considered significant.

An interactive website GEPIA2 (Gene Expression Profiling
Interactive Analysis, http://gepia2.cancer-pku.cn/#analysis; version
2) was used to analyze RNA-Seq expression data of cancer tissues
and normal samples from the Genotype-Tissue Expression (GTEx)
Project and the TCGA database (Tang et al.,, 2017). The “Expression
Analysis-Box Plots” module of GEPIA2 was used to get box plots
comparing TGFBI expression between cancer and normal tissues.
Setting p value cutoff <0.01, log, (fold change) cutoft >1, and “Match
TCGA normal and GTEx data” In addition, we used the
“Pathological Stage Plot” module to analyze TGFBI expression in
different pathological stages of various tumors using TCGA data.

A publicly accessible platform Oncomine platform (www.
oncomine.org) was used to analyze genome-wide expression,
which, as of April 2021, contained 715 datasets and 86,733
samples (Rhodes et al., 2007). We used this platform to compare
TGFBI expression between various cancer types and adjacent
normal tissues using Student’s t-test. We set p value cutoft <0.05
and fold change cutoff >2, and selected the top 10% genes.

CCLE (Cancer Cell Line Encyclopedia, portals.broadinstitute.
org/ccle/) database provides public access to genomic data,
visualization and analysis for over 1,100 cancer cell lines.

TGFBI Immunohistochemical Analysis

The HPA database (https://www.proteinatlas.org) was used to
map all human proteins at the cell, tissue, and organ levels by
integrating various omics technologies. We used this database to
explore TGFBI mRNA and protein expression data from various
cancer types. We also obtained immunohistochemistry images of
TGFBI protein expression in cancer tissues.

TGFBI Expression and Cancer Survival

We used the “Survival Map” module in GEPIA2 to gain the
overall survival (OS) and disease-free survival (DFS) data
correlated with TGFBI expression across different cancer types
from the TCGA database. The cases were split into high- and low-
expression subgroups based on the median expression. The
survival data were assessed basing on the Kaplan-Meier (KM)
method, with the results being presented as hazard ratios, 95%
confidence intervals, and p values of log-rank tests.

The PrognoScan database (http://dna00.bio.kyutech.acjp/
PrognoScan/index.html) and Cox regression analysis (with p <
0.05 indicating significance) were used to verify the relationships
between TGFBI expression and various survival outcomes in a
pan-cancer analysis, including OS, DFS, relapse-free survival
(RES), disease-specific survival (DSS), distant metastasis-free
survival (DMFS) and distant recurrence-free survival (DRFS)
(Mizuno et al., 2009).

The “survival” and “survminer” R package were used to
analyze the correlation of the TGFBI expression and OS, DSS,
disease-free interval (DFI), and progression-free interval (PFI)
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across all TCGA tumors. We computed log-rank p-values and
hazard ratios (HR) with 95% confidence intervals (95% CI). Data
were visualized as forest plots (using the “forestplot” R package)
and survival curves.

We used KM plotter (http://kmplot.com/analysis/), to assess
the relationships between TGFBI expression and prognosis in
various cancers from the TCGA and GEO databases. Breast,
gastric, lung, ovarian, and liver cancer datasets were each split
into high- and low-expression subgroups using the “autoselect
best cutoff” option, and p < 0.05 was considered significant.

TGFBI Mutation Profiles

A comprehensive website cBioPortal (www.cbioportal.org) was
used to explore, analyze, and visualize polydimensional cancer
genomics data (Cerami et al, 2012). The TGFBI alteration
frequencies, mutation types, and copy number alterations
across the TCGA database were obtained using the “Cancer
Types Summary” module of cBioPortal. To query the TGFBI
genetic alteration characteristics, we set the “Quick select” field to
“TCGA Pan Cancer Atlas Studies.”

The COSMIC (Catalog of Somatic Mutations in Cancer)
website (https://cancer.sanger.ac.uk/cosmic/) is the largest and
most comprehensive resource for exploring the impact of somatic
mutations in human cancers (Tate et al., 2019). We used
COSMIC to investigate the specific distribution of various
TGFBI mutation types.

Correlation Analyses
The Cancer Regulome Explorer (http://explorer.cancerregulome.
org/) is a website that enables researchers to search, filter, and
visualize analytical results obtained from the TCGA database. We
used this website to investigate and visualize, at the chromosome
level, the TGFBI mutation types in various cancer types, and the
results were depicted in Circos plots. We set the pairwise
correlation cutoff >0.4 and —log;, (p value) cutoff >10.
Pearson’s correlation analysis was performed to analyze the
correlations between TGFBI expression and immunoinhibitory and
immunostimulatory gene subsets, TMB, and MSI. The results were
displayed as heatmaps basing on the “pheatmap” package in R.

TGFBI Expression and Immune Cell

Infiltration

We used the “Immune_Gene” module of TIMER?2 to evaluate the
correlations of TGFBI expression with immune cell infiltration
across diverse cancer types in the TCGA database. The immune
cells comprised CD4" T cells, CD8" T cells, regulatory T cells
(Tregs), B cells, myeloid-derived suppressor cells (MDSCs),
neutrophils, dendritic cells (DCs), monocytes, macrophages,
mast cells, cancer-associated fibroblasts (CAFs), natural killer
(NK) cells, endothelial cells, and T follicular helper (Tth) cells.

TGFBI Expression and TME Components

Tumor purity was assessed in 33 human cancers in the TCGA
database basing on the “estimate” R package. Specifically, the
ESTIMATE score is the sum of the immune and stromal scores,
which represent the abundance of immune and stromal

Pan-Cancer Analysis of TGFBI

components, respectively (Yoshihara et al, 2013). Higher
ESTIMATE scores correspond to lower tumor purity. Spearman’s
correlation analysis was used to reveal the relationship between
TGFBI expression and the immune, and stromal scores.

We also explored tumor RNA and DNA stemness scores
(RNAss and DNAss) based on epigenetic and transcriptome
data from the TCGA database. Specifically, RNAss is based on
RNA-Seq data, and DNAss is based on DNA methylation data.
Spearman’s correlation analysis was used to investigate the
correlations of TGFBI expression with RNAss and DNAss.

TGFBI Expression and Drug Responses
The CellMiner tool (https://discover.nci.nih.gov/cellminer/home.
do) was employed to obtain National Cancer Institute (NCI)-60
data on TGFBI expression (i.e., transcript data) and drug
responses (i.e., drug sensitivity based on data on the drug
concentration that reduces total cell growth by 50% [GI50]).
The NCI-60 data comprises molecular and pharmacological data
on 60 diverse human cancer cell lines. The drug response data
includes data on drugs approved by the US Food and Drug
Administration and those assessed in clinical trials. Pearson’s
correlation analysis was employed to evaluate the correlations
between TGFBI expression and drug responses.

Protein-Protein Interactions Network and

Enrichment Analyses of TGFBI
The STRING (Search Tool for the Retrieval of Interacting Genes/
Proteins) database (https://string-db.org/) contains known and
predicted protein-protein interactions (PPIs) (Szklarczyk et al,
2019). We obtained the top 50 TGFBI-binding proteins using this
database to construct a PPIs network. The parameters were set as
follows: meaning of network edges: “evidence”; minimum required
interaction score: “low confidence” (i.e., the line color represents
the type of interaction evidence); and the maximum number of
interactors to show: “no more than 50 interactors”. The PPIs
network was visualized using STRING. Then the “Similar Gene
Detection” module of GEPIA2 was used to obtain the top
100 TGFBI-correlated genes using TCGA data. Lastly, we
conducted a Venn diagram analysis (http://jvenn.toulouse.inra.
fr) to identify the common members of these two groups.
DAVID (Database for Annotation, Visualization, and
Integrated Discovery, https://david.ncifcrf.gov/home.jsp; version
6.8) supplies a comprehensive, functional annotation tool to
identify genes’ biological functions (Huang et al., 2009). It was
used to conduct Kyoto Encyclopedia of Genes and Genomes
(KEGG) and Gene Ontology (GO) enrichment analyses. The
KEGG results were analyzed and visualized employing the
“ggplot2” and “clusterProfiler” R packages. The GO biological
process (BP), cellular component (CC), and molecular function
(MF) results were obtained using the “cnetplots” R package.

Statistical Analyses

TGFBI expression was compared between tumor and adjacent
normal tissues employing the Oncomine database, with the
results presented as p values, fold changes, and gene ranks.
The survival results were presented as hazard ratios, 95% CI,
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FIGURE 1 | TGFBI expression in various types of human cancers and pathological stages. (A) Comparison of TGFB/ expression between various cancers/cancer
subtypes and normal tissues using TIMER2 based on TCGA data. *p < 0.05; **p < 0.01;
tissues and normal tissues in the Oncomine database. Blue represents low expression of TGFBI in the cancer tissues, red represents high expression, and gray
represents no data. The number represents the number of studies that meet the filter criteria. (C) Comparison of TGFBI protein expression between primary colon
cancer, clear cell renal cell carcinoma, uterine corpus endometrial carcinoma, and ovarian cancer tissues and normal tissues, based on CPTAC data. **p < 0.001. (D)
TGFBI expression in pathological stages |, Il, Ill, and IV in BLCA, CESC, KICH, KIRC, and LUAD, based on TCGA data. The data were transformed using log2 (transcripts
per milion [TPM] + 1). F represents the statistical value of F test, Pr(>F) < 0.05 was considered significant.

< 0.001. (B) Comparison of TGFBI expression between various cancer
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and p values of log-rank tests. Using R version 4.0.4 (64-bit;
https://www.r-project.org/) for the analyses. For all statistical
analyses, p < 0.05 was considered statistically significant.

RESULTS

TGFBI Expression Analysis in Pan-Cancer
To compare TGFBI expression between tumor and normal
tissues, we applied TIMER2 to analyze TGFBI expression in
various cancer types of TCGA. Compared to matched normal
tissues, TGFBI was upregulated in cholangiocarcinoma (CHOL;
p <0.01), colon adenocarcinoma (COAD), esophageal carcinoma
(ESCA), GBM, head and neck squamous cell carcinoma (HNSC),
kidney renal clear cell carcinoma (KIRC), kidney renal papillary
cell carcinoma (KIRP), liver hepatocellular carcinoma (LIHC),
rectum adenocarcinoma (READ), stomach adenocarcinoma
(STAD), and thyroid carcinoma (THCA; p < 0.001). However,
TGFBI was downregulated in kidney chromophobe (KICH; p <
0.001; Figure 1A).

Furthermore, we applied the Oncomine database to compare
TGFBI expression between tumor and matched normal tissues.
TGFBI was upregulated in colorectal cancer, esophageal cancer,
gastric cancer, head and neck cancer, and lymphoma (Figure 1B).
In addition, we explored TGFBI expression across different tumor
cell lines in the CCLE database. As shown in Supplementary
Figure S1, RNAseq showed that TGFBI was upregulated in
several cell lines, including kidney cancer, chondrosarcoma,
upper aerodigestive tract cancer, glioma, osteosarcoma, thyroid
cancer, liver cancer and mesothelioma cell lines.

We further evaluated the difference in TGFBI protein
expression between the tumor tissues and normal tissues in
the CPTAC database using UALCAN tools. TGFBI protein
was upregulated in colon cancer and clear cell renal cell
carcinoma compared to normal tissues (p < 0.001) but
downregulated in OV and uterine corpus endometrial
carcinoma (UCEG; p < 0.001; Figure 1C).

We also applied GEPIA2 to analyze TGFBI expression in
various pathological stages of multiple cancer types. TGFBI
expression was associated with bladder urothelial carcinoma
(BLCA), ESCA, KICH, KIRC and lung adenocarcinoma
(LUAD; all Pr(>F) < 0.05; Figure 1D). We also compared
TGFBI expression between these TCGA tumor tissues and the
corresponding normal tissues in the GTEx database, which
showed that TGFBI was upregulated in 19 types of cancer
tissues and downregulated in three types compared to normal
tissues (Supplementary Figure S2).

Using HPA data, we analyzed TGFBI protein expression.
Analysis revealed that aberrant TGFBI protein expression was
detected in 20 cancer types. The immunohistochemical results on
TGEFBI protein expression are shown in Figure 2.

Correlation Between the Expression of
TGFBI and Prognosis

We assessed the associations between TGFBI expression and
cancer survival outcomes in the TCGA database using GEPIA2.

Pan-Cancer Analysis of TGFBI

High TGFBI expression was associated with poor OS for cervical
squamous cell carcinoma and endocervical adenocarcinoma
(CESC, p = 0.0024), GBM (p = 0.0082), HNSC (p = 0.013),
KIRC (p = 0.0019), pancreatic adenocarcinoma (PAAD; p =
0.047), and uveal melanoma (UVM; p < 0.001; Figure 3A). In
addition, high TGFBI expression was associated with poor DFS for
CHOL (p = 0.03), COAD (p = 0.0095), KIRC (p = 0.0011), PAAD
(p = 0.033), and UVM (p < 0.0029; Figure 3B).

We also applied the PrognoScan database to analyze the
associations between TGFBI expression and cancer survival
outcomes, mainly based on GEO datasets (GSE13507,
GSE4475, GSE4271, GSE7849, GSE9893, GSE2034,
GSE7390, GSE11595, GSE22138, GSE31210, GSE8894, and
GSE30929). High TGFBI expression was associated in Cox
regression analyses with poor DSS in bladder cancer (p =
0.031), OS in brain cancer (p = 0.047), DFS, DMFS, and RFS in
breast cancer (BRCA; all p < 0.05), DMEFS in eye cancer (p =
0.010), OS and RFS in lung cancer (p < 0.001), and DREFS in
soft tissue cancer (p < 0.001). In contrast, high TGFBI
expression was associated with better OS in blood cancer
(p = 0.016), breast cancer (p = 0.045), and esophageal
cancer (p = 0.047; Figure 3C).

We assessed the correlation between the expression of TGFBI and
OS, DSS, PFI, and DFI in different types of cancer using a single-
variate Cox regression analysis based on TCGA database. The results
are summarized in forest plot (Figure 4). KM analysis showed that
high TGFBI expression predicted poor prognosis of CESC, GBM,
KIRC, LGG, testicular germ cell tumors (TGCT), and UVM (all p <
0.05) but good prognosis of adrenocortical carcinoma (ACC) and
HNSC (all p < 0.05; Figure 5A). In addition, increased expression of
TGFBI was associated with poor DSS in CESC, GBM, KIRC, LGG,
PAAD, and UVM, whereas, increased TGFBI expression predicted
good DSS in ACC (all p < 0.05, Figure 5B). The same method is used
to analyze PFI in 33 TCGA tumors. TGFBI had a protective role in
ACC. On the other hand, TGFBI had a detrimental role in BRCA,
CESC, KIRC, PAAD, and UVM (all p < 0.05, Figure 5C). Finally, we
also analyzed the DFI in 33 TCGA tumors. TGFBI expression had a
detrimental role in BRCA, CHOL, and COAD (all p < 0.05,
Figure 5D).

Then we studied the prognostic value of TGFBI expression was
further evaluated using KM plotter. Notably, high TGFBI
expression was significantly associated with poor DMFS, OS,
post-progression survival (PPS), and RFS in breast cancer (p <
0.01; Supplementary Figure S3A). However, high TGFBI
expression was associated with good DSS, OS, progression-free
survival (PES), and RFS in liver cancer (p < 0.05; Supplementary
Figure S3B). High TGFBI expression was associated with poor
first progression (FP), OS, and PPS in gastric cancer (p < 0.001;
Supplementary Figure S3C). High TGFBI expression was
associated with poor FP and OS but good PPS in lung cancer
(p < 0.001; Supplementary Figure S3D). Moreover, high TGFBI
expression was associated with poor OS, PES, and PPS in OV (p <
0.05; Supplementary Figure S3E).

The Mutation Profiles of TGFBI in Pan-Cancer
Using TCGA data in cBioPortal (10,967 samples from 32
studies), we assessed the TGFBI alteration frequency and
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FIGURE 2 | Representative immunohistochemical staining of TGFBI protein in various cancer tissues.

mutation count in tumor samples. Melanoma had the highest  including data on missense, nonsense (truncation), inframe,
frequent TGFBI alteration (>6%), with “mutation” as the  and fusion mutations, are shown in Figure 6C. The TGFBI
primary type of alteration (Figures 6A,B). Data on the  mutation hotspot was R469C/H/S (missense mutation) in the
TGFBI alteration types, sites, and numbers of cases,  FAS1 domain, which occurred in four cancers (UCEC, CESC,
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FIGURE 3| Associations of TGFB/ expression with survival among cancer patients in the TCGA and GEO databases. TGFBI expression and (A) overall survival rate
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FIGURE 4 | Correlation analysis of TGFBI expression and patient survival by the Cox regression analysis in different cancer types. HR < 1 represents low risk and
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COAD, and skin cutaneous melanoma [SKCM]) in four
patients.

Moreover, we explored the impact of somatic TGFBI
mutations in human cancer. Using the COSMIC website,
nonsense (truncation) mutations were found in lung cancer
(10%); missense mutations were found in endometrial (7.14%),
hematopoietic and lymphoid (40%), large intestine (15%), lung
(20%), and skin (61.54%) cancer; and synonymous
substitutions were found in breast (28.57%), endometrial
(28.57%), and large intestine (10%) cancer. G > A was the
primary mutation type in these cancer cases (Supplementary
Figure S$4).

Genomic Analysis of TGFBI in Cancer
Using the Cancer Regulome Explorer website, we investigated

the relevant genomic correlation between TGFBI gene and
certain signatures. DNA methylation, somatic copy number,
somatic mutation, microRNA expression, and protein
expression were showed to reveal the interrelation in
different tumors using data from the TCGA database. The
TGFBI was associated with above signatures in ACC, BLCA,
BRCA, ESCA, STAD, GBM, HNSC, KIRC, LUAD, OV, SKCM,
THCA, UCEC, lung squamous cell carcinoma (LUSC), and
prostate  adenocarcinoma  (PRAD)  (Supplementary
Figure S5).
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FIGURE 5 | Kaplan-Meier survival curves comparing pan-cancer high and low expression of TGFBI. (A) OS survival curves for TGFB in different cancers;
(B) DSS survival curves for TGFBI in different cancers; (C) PFl survival curves for TGFBI in different cancers; (D) DFI survival curves for TGFBI in different
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TGFBI Expression and Immune Cell

Infiltration

TGFBI is involved in immune cell infiltration and inflammatory
responses, which play key roles in cancer initiation, progression,
and metastasis. To investigate immune cell infiltration at the pan-
cancer level, we used TIMER2.0 to explore the associations
between TGFBI expression in human cancer and the infiltration
of various types of immune cells (based on CIBERSORT,
CIBERSORT-ABS, XCELL, MCPCOUNTER, QUANTISEQ,
and EPIC algorithms). Overall, TGFBI expression was positively
correlated with neutrophils, monocytes, macrophages, CAFs and
MDSCs, and negatively correlated with B cells, T follicular helper
(Tth) cells, and CD8" T cells. Thus, TGFBI expression may play
vital roles in the immune cell infiltration process. The immune cell
infiltration was quite different in OV, PRAD, UVM, and THCA
due to the distinct TME components in the central nervous system
(Supplementary Figure S6).

Correlations of TGFBI Expression with
Immunomodulatory Genes, TMB, and MSI

Tumor immunotherapy is a novel therapeutic strategy which been
proven efficacious in multiple types of cancers. Thus, we explore
whether TGFBI could be used as a novel target for tumor
immunotherapy. As shown in Figure 7A, in most cancers, except
CHOL, ESCA, sarcoma (SARC), SKCM and UCS, TGFBI expression
was significantly correlated with immunoinhibitory genes.
Additionally, except CESC, CHOL, mesothelioma (MESO),
READ, SARC, UCEC and UCS, TGFBI expression was
significantly correlated with immunostimulatory genes (Figure 7B).

We also explored the associations of TGFBI expression with
TMB and MSI in various types of cancer. The TGFBI expression
was negatively correlated with TMB in COAD, HNSC, LUSC and
BLCA (all p < 0.05; Figure 7C). In addition, TGFBI expression
was negatively correlated with MSI in LUSC, LUAD, COAD, and
CHOL (all p < 0.05; Figure 7D).

TGFBI Expression and TME Components
Since our results have confirmed the immunoregulation role of the
TGFBI in various types of cancer, it is vary needed to explore further
the correlation between TGFBI expression and TME. We explored
the correlations of TGFBI expression with TME components, using
the ESTIMATE algorithm to calculate the ESTIMATE, stromal, and
immune scores in diverse tumor types in the TCGA database. TGFBI
expression was positively associated with stromal and immune
scores in the pan-cancer analysis (all p < 0.05; Figures 8A,B).
Furthermore, we assessed the correlations between TGFBI
expression and tumor stemness in a pan-cancer analysis using
TCGA data. TGFBI expression was negatively correlated with
RNAss, and positively correlated with DNAss, in ACC, SARC,
THCA, thymoma (THYM) and UVM (Figure 8A).

The Drug Responses Analysis of TGFBI

Expression
To investigate the potential relationships between TGFBI
expression and drug responses in various types of human

Pan-Cancer Analysis of TGFBI

cancer, we performed a correlation analysis to identify
potential drug candidates using CellMiner. TGFBI expression
positively correlated with staurosporine, dasatinib,
midostaurin, and bleomycin sensitivity (all p < 0.05; Figures
8C,D,G,H), but negatively associated with lapachone, CUDC-
305 byproduct, and fulvestrant sensitivity (all p < 0.05; Figures
8E,EI).

was

Protein-Protein Interactions Network and
Enrichment Analyses of TGFBI

To clarify the molecular mechanisms of TGFBI in tumorigenesis,
we conducted a PPIs network analysis of TGFBI and enrichment
analyses of TGFBI-binding proteins (based on STRING) that
were also TGFBI-correlated genes (based on GEPIA2). The PPIs
network, constructed using STRING, was in the base of
experimental evidence and had 22 nodes and 34 edges
(Figure 9A). We obtained 50 TGFBI-binding proteins
supported by experimental evidence in STRING. Using
GEPIA2, we then obtained the top 100 genes associated with
TGFBI expression. Next, a Venn diagram analysis of these two
groups showed one common member, namely, COL4Al
(Figure 9B). The heatmap in Figure 9C shows the positive
correlation between TGFBI and COL4A1 expression.

To conduct KEGG and GO functional enrichment analyses of
TGFBI, we used DAVID 6.8. The KEGG analysis showed that the
“PI3K-Akt signaling pathway”, “Focal adhesion”, and
“ECM-receptor interaction” might be involved in the effects of
TGFBI on tumor pathogenesis (Figure 9D). The GO analysis
showed similar results, as TGFBI was closely involved in a variety
of terms, such as “extracellular matrix organization” in the BP
category, “collagen-containing extracellular matrix” in the CC
category, and “extracellular matrix structural constituent” in the
MEF category (Figure 9E).

DISCUSSION

In recent years, a number of studies have shown that TGFBI is
closely related to tumor growth, invasion, metastasis, and drug
responses. However, there are no previous pan-cancer studies on
the relationship between TGFBI expression and various tumors.
In this study, we investigated the TGFBI expression, survival
status, TGFBI mutations, immune cell infiltration, and associated
molecular pathways, to explore the potential cellular mechanisms
of TGFBI in various types of cancers.

Based on the Oncomine and TIMER?2.0 databases, TGFBI was
upregulated in CHOL, COAD, ESCA, GBM, HNSC, KIRC, KIRP,
LIHC, READ, STAD, and THCA, and downregulated in KICH,
compared to adjacent normal tissues. A previous study also found
that TGFBI was upregulated in colon cancer, promoting
metastasis (Ma et al, 2008). Another study showed that the
proliferation and metastasis ability of oral squamous cell
carcinoma cells was also enhanced by TGFBI upregulation
(Wang et al,, 2019).

We also identified associations between TGFBI expression and
prognosis of lung squamous cell, gastric, colorectal, and bladder
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cancer, which concurs with previous studies (Pajares et al., 2014;
Suzuki et al., 2018; Zhang et al., 2019; Zou et al., 2019; Yang et al.,
2020). Overall, TGFBI was upregulated in most tumors, though
the TGFBI expression and survival analysis suggested different
conclusions for different tumors. For example, TGFBI
upregulation had a detrimental effect on UVM, which was
consistent with a previous study showing that human
metastatic melanoma express and released a significantly
higher amount of TGFBI (Lauden et al, 2014), rendering
TGFBI a potential target for therapeutic interventions. We also
found some contradictory results about the prognostic value of
TGFBI expression in LUAD and STAD. High TGFBI expression
was significantly associated with poor OS in LUAD and STAD in
the KM plotter analysis but not in the GEPIA2 analysis. These
inconsistent results may be attributable to the different data
collection methods, types of cancer patients, or biological
characteristics of each sample. These finding suggest that
TGFBI might be a novel prognostic biomarker for some types
of cancer.

Another essential finding in this study was that TGFBI
expression was correlated with different levels of immune cell
infiltration among diverse types of tumors (Du et al, 2020;
Nakazawa et al., 2020). TGFBI expression was positively
correlated with CAFs, macrophages, monocytes, MDSCs, and
neutrophils, and negatively correlated with B cells, Tth cells, and
CD8" T cells. In this study, TGFBI expression was an indicator of
the level of infiltration of CAFs, which represent the main
component of the tumor stroma and are strongly associated
with epithelial-mesenchymal transition, massive stromal cell
infiltration, and poor cancer prognosis. CAF infiltration can be
used to predict survival in patients with oral squamous cell
carcinoma (Ko et al, 2020). Tumor-associated macrophages
promote OV cell migration, adhesion, and invasion by
secreting TGFBI, and they have been associated with short
PES in high-grade serous OV patients (Steitz et al., 2020).
Although we found that TGFBI expression was negatively
correlated with CD8" T cells, another study showed that both
high stromal TGFBI expression and intratumoral CD8" T cells
infiltration were associated with poor prognosis and drug
resistance in lung cancer patients (Nakazawa et al, 2020).
These contradictory findings necessitate further research.

In this study, we presented evidence regarding the correlations
between TGFBI expression and MSI and TMB across the TCGA
pan-cancer. MSI is a molecular marker of deficient mismatch
repair (MMR), which leads to errors in DNA replication, the
accumulation of DNA mutations, and a high TMB in many
cancer types (Baretti and Le, 2018). TMB is an emerging marker
for identifying potential responders to immunoinhibitory and
immunostimulatory factors across cancer types (Goodman et al.,
2017). The TGFBI expression was negatively correlated with TMB
in COAD, HNSC, BLCA, and LUSC. In addition, TGFBI
expression was negatively correlated with MSI in LUSC,
LUAD, COAD, and CHOL. Our results suggest that the
relationships of TGFBI expression with TMB and MSI are
diverse in those types of cancer. TGFBI might influence
tumorigenesis in these cancer types by participating in the
process of genetic alterations. expression might also

Pan-Cancer Analysis of TGFBI

independently predict responses to immunoinhibitory and
immunostimulatory factors.

In addition, we explored the relationships of TGFBI expression
with TME components and tumor stemness. The TME plays an
important role in tumorigenesis and metastasis (Binnewies et al.,
2018; Yan et al, 2019; Baghban et al, 2020). Based on the
ESTIMATE algorithm and TCGA data, TGFBI expression was
correlated with the levels of immune and stromal cell infiltration.
Moreover, we analyzed the correlations between TGFBI and
tumor stemness scores (RNAss, and DNAss), which are
associated with tumor pathology and tumor dedifferentiation
(Malta et al., 2018). The tumor stemness analysis of the pan-
cancer TCGA data showed that RNAss and DNAss was
negatively and positively correlated with prognosis. Similarly, a
previous study indicated that TGFBI may support cancer stem
cell growth and tumor progression to metastasis in breast cancer
(Fico and Santamaria-Martinez, 2020). Besides, we analyze the
correlation between TGFBI expression with various immune cell
infiltration in different types of human cancers. Overall, TGFBI
expression showed a significant was positively correlated
correlation with immune cell infiltrating levels of multiple
infiltrates including CD8" T cells, dendritic cells, macrophages,
monocytes, NK cells, neutrophils, Tregs, and Tth. Otherwise,
MDSCs abundance was negatively correlated with TGFBI
expression. The profile indicated that TGFBI play an
important role in the recruitment and regulation of immune
infiltrating cells in tumors. It is worth noting that in tumors such
as ACC, BLCA, BRCA, HNSC, DLBC, GBM, LGG, THCA,
THYM, and UVM (Supplementary Figure S7), the
correlation between TGFBI expression and immune cell
infiltration was subtly different, which may be caused by the
various immune cell infiltration ratios in different types of
cancers. Our results emphasize that TGFBI expression is
closely related to tumor cells, immune cell infiltration, and
TME components, affecting cancer prognosis. These results
provide new insights for developing more effective treatment.

Additionally, we assessed the correlations between TGFBI
expression and drug response in various human cancer cell
lines from CellMiner database, which facilitates the integration
and study of molecular and pharmacological data on the 60
different human cancer cell lines. TGFBI expression was

positively  correlated ~ with  staurosporine,  dasatinib,
midostaurin, and bleomycin sensitivity, but negatively
associated with lapachone, CUDC-305 byproduct, and

fulvestrant sensitivity. A previous study reported that TGFBI is
frequently methylated, the loss of TGFBI is associated with
paclitaxel resistance in OV (Wang et al, 2012), but the
overexpression of TGFBI makes nasopharyngeal carcinoma
cells sensitive to cisplatin (Bissey et al., 2018), and increase the
sensitivity of human non-small cell lung cancer cell lines to
etoposide, paclitaxel, cisplatin and gemcitabine (Irigoyen et al.,
2010). These studies suggest that TGFBI might be used as a
predictive factor of chemotherapy in some tumors (Yin et al,
2020).

Furthermore, we predicted the PPIs network and KEGG
pathways associated with TGFBI. TGFBI was involved in
“PI3K/Akt signaling pathway,” “ECM-receptor interaction”
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and “Focal adhesion,” which is consistent with the current research
on TGFBI Previous studies have reported that TGFBI play as
irreplaceable role inducing suppressive mesothelioma
tumorigenesis and progression through the PI3K/Akt signaling
pathway (Wen et al, 2011b). The ECM has essential roles in
tumorigenesis and cancer progression, and different ECM
components depend on different signaling mechanisms in
various cancer cells. In addition, TGFBI preferentially interacts
via a 883 integrin-receptor-mediated mechanism to modulate
paclitaxel-induced OV cell death (Tumbarello et al, 2012). In
addition, TGFBI activates the focal adhesion kinase signaling
pathway by binding to integrin aV5, significantly enhancing
the invasion of pancreatic ductal adenocarcinoma (Costanza
et al,, 2019). Our results indicated that TGFBI is an oncogenic
ECM formation protein that may serve as a valuable therapeutic
target for new anti-cancer treatment strategies.

There are several limitations in this study. First, although the
study involved a bioinformatic analysis of TGFBI, including its
expression, prognostic value, associations with immune cell
infiltration, and mutation status in various human cancer
types, there were no in vivo or in vitro experiments to validate
the results. Therefore, future studies should focus on the
mechanisms of TGFBI in various human cancer types. Second,
we analyzed prognostic data from TCGA, KM plotter, and
PrognoScan, and there might be heterogeneity among these
datasets. So, higher-resolution analysis such as single-cell RNA
sequencing should be performed to verify our claims.

In conclusion, we investigated TGFBI expression
characteristics, prognostic value, mutation profiles, associations
with tumor-infiltrating immune cells, and associated molecular
pathways in various types of cancer. We have provided new clues
for improving cancer diagnosis and developing cancer
immunotherapies that target TGFBI.

in

REFERENCES

Baghban, R., Roshangar, L., Jahanban-Esfahlan, R., Seidi, K., Ebrahimi-Kalan, A.,
Jaymand, M., et al. (2020). Tumor Microenvironment Complexity and
Therapeutic Implications at a Glance. Cell Commun Signal 18, 59.
doi:10.1186/512964-020-0530-4

Baretti, M., and Le, D. T. (2018). DNA Mismatch Repair in Cancer. Pharmacol.
Ther. 189, 45-62. doi:10.1016/j.pharmthera.2018.04.004

Bhagirath, D., Abrol, N., Khan, R., Sharma, M., Seth, A., and Sharma, A.
(2012). Expression of CD147, BIGH3 and Stathmin and Their Potential
Role as Diagnostic Marker in Patients with Urothelial Carcinoma of the
Bladder. Clinica Chim. Acta 413, 1641-1646. doi:10.1016/j.cca.2012.05.005

Binnewies, M., Roberts, E. W., Kersten, K., Chan, V., Fearon, D. F., Merad, M., et al.
(2018). Understanding the Tumor Immune Microenvironment (TIME) for
Effective Therapy. Nat. Med. 24, 541-550. doi:10.1038/s41591-018-0014-x

Bissey, P.-A., Law, J. H,, Bruce, J. P., Shi, W., Renoult, A., Chua, M. L. K, et al.
(2018). Dysregulation of the MiR-449b Target TGFBI Alters the TGF( Pathway
to Induce Cisplatin Resistance in Nasopharyngeal Carcinoma. Oncogenesis 7,
40. doi:10.1038/541389-018-0050-x

Cerami, E., Gao, J., Dogrusoz, U., Gross, B. E., Sumer, S. O., Aksoy, B. A,, et al.
(2012). The cBio Cancer Genomics Portal: An Open Platform for Exploring
Multidimensional Cancer Genomics Data: Figure 1. Cancer Discov. 2, 401-404.
doi:10.1158/2159-8290.cd-12-0095

Chandrashekar, D. S., Bashel, B., Balasubramanya, S. A. H., Creighton, C. J., Ponce-
Rodriguez, 1., Chakravarthi, B. V. S. K,, et al. (2017). UALCAN: A Portal for

Pan-Cancer Analysis of TGFBI

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material, further inquiries can be
directed to the corresponding author.

AUTHOR CONTRIBUTIONS

YC and HZ: Contributed to conception, design, data
acquisition and interpretation, drafted and critically revised
the manuscript. YG and YZF: Contributed to design and
critically revised the manuscript. YF, QY and JH:
Contributed to analysis and critically revised the
manuscript. All authors gave their final approval and agree
to be accountable for all aspects of the work.

FUNDING

This study was supported by the National Natural Science
Foundation of China (Grant nos. 81773339 and 81800788),
the Science and Technology Department of Hunan Province,
China (Grant nos. 2017WK2041 and 2018SK52511) and the
Open Sharing Fund for the Large-scale Instruments and
Equipment of Central South University.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fmolb.2021.745649/
full#supplementary-material

Facilitating Tumor Subgroup Gene Expression and Survival Analyses.
Neoplasia 19, 649-658. doi:10.1016/j.ne0.2017.05.002

Costanza, B., Rademaker, G., Tiamiou, A., De Tullio, P., Leenders, J., Blomme, A.,
et al. (2019). Transforming Growth Factor Beta-induced, an Extracellular
Matrix Interacting Protein, Enhances Glycolysis and Promotes Pancreatic
Cancer Cell Migration. Int. J. Cancer 145, 1570-1584. doi:10.1002/ijc.32247

Du, G.-W., Yan, X., Chen, Z., Zhang, R.-]., Tuoheti, K., Bai, X.-J., et al. (2020).
Identification of Transforming Growth Factor Beta Induced (TGFBI) as an
Immune-Related Prognostic Factor in clear Cell Renal Cell Carcinoma
(ccRCC). Aging 12, 8484-8505. doi:10.18632/aging.103153

Fico, F., and Santamaria-Martinez, A. (2020). TGFBI Modulates Tumour Hypoxia
and Promotes Breast Cancer Metastasis. Mol Oncol. 14, 3198-3210.
doi:10.1002/1878-0261.12828

Goldman, M. J., Craft, B., Hastie, M., Repecka, K., McDade, F., Kamath, A., et al.
(2020). Visualizing and Interpreting Cancer Genomics Data via the Xena
Platform. Nat. Biotechnol. 38, 675-678. doi:10.1038/s41587-020-0546-8

Goodman, A. M., Kato, S., Bazhenova, L., Patel, S. P., Frampton, G. M., Miller, V.,
et al. (2017). Tumor Mutational Burden as an Independent Predictor of
Response to Immunotherapy in Diverse Cancers. Mol. Cancer Ther. 16,
2598-2608. doi:10.1158/1535-7163.mct-17-0386

Han, B., Cai, H., Chen, Y., Hu, B,, Luo, H., Wu, Y., et al. (2015). The Role of TGFBI
(Pig-H3) in Gastrointestinal Tract Tumorigenesis. Mol. Cancer 14, 64.
doi:10.1186/s12943-015-0335-2

Huang, D. W., Sherman, B. T., and Lempicki, R. A. (2009). Systematic and
Integrative Analysis of Large Gene Lists Using DAVID Bioinformatics
Resources. Nat. Protoc. 4, 44-57. doi:10.1038/nprot.2008.211

Frontiers in Molecular Biosciences | www.frontiersin.org

October 2021 | Volume 8 | Article 745649


https://www.frontiersin.org/articles/10.3389/fmolb.2021.745649/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmolb.2021.745649/full#supplementary-material
https://doi.org/10.1186/s12964-020-0530-4
https://doi.org/10.1016/j.pharmthera.2018.04.004
https://doi.org/10.1016/j.cca.2012.05.005
https://doi.org/10.1038/s41591-018-0014-x
https://doi.org/10.1038/s41389-018-0050-x
https://doi.org/10.1158/2159-8290.cd-12-0095
https://doi.org/10.1016/j.neo.2017.05.002
https://doi.org/10.1002/ijc.32247
https://doi.org/10.18632/aging.103153
https://doi.org/10.1002/1878-0261.12828
https://doi.org/10.1038/s41587-020-0546-8
https://doi.org/10.1158/1535-7163.mct-17-0386
https://doi.org/10.1186/s12943-015-0335-z
https://doi.org/10.1038/nprot.2008.211
https://www.frontiersin.org/journals/molecular-biosciences
www.frontiersin.org
https://www.frontiersin.org/journals/molecular-biosciences#articles

Chen et al.

Irigoyen, M., Pajares, M. J., Agorreta, J., Ponz-Sarvisé, M., Salvo, E., Lozano, M. D.,
et al. (2010). TGFBI Expression Is Associated with a Better Response to
Chemotherapy in NSCLC. Mol. Cancer 9, 130. doi:10.1186/1476-4598-9-130

Kim, J.-E., Jeong, H.-W., Nam, ].-O., Lee, B.-H., Choi, J.-Y., Park, R.-W, et al.
(2002). Identification of Motifs in the Fasciclin Domains of the
Transforming Growth Factor-B-Induced Matrix Protein Pig-h3 that
Interact with the avp5 Integrin. J. Biol. Chem. 277, 46159-46165.
do0i:10.1074/jbc.m207055200

Ko,Y.C,Lai, T.Y.,Hsu,S. C., Wang, F. H,, Su, S. Y., Chen, Y. L., et al. (2020). Index
of Cancer-Associated Fibroblasts Is Superior to the Epithelial-Mesenchymal
Transition Score in Prognosis Prediction. Cancers (Basel) 12, 1718. doi:10.3390/
cancers12071718

Lauden, L., Siewiera, J., Boukouaci, W., Ramgolam, K., Mourah, S., Lebbe, C., et al.
(2014). TGF-B-Induced (TGFBI) Protein in Melanoma: A Signature of High
Metastatic Potential. J. Invest. Dermatol. 134, 1675-1685. doi:10.1038/
jid.2014.20

Li, B., Wen, G., Zhao, Y., Tong, J., and Hei, T. K. (2012). The Role of TGFBI in
Mesothelioma and Breast Cancer: Association with Tumor Suppression. BMC
cancer 12, 239. doi:10.1186/1471-2407-12-239

Li, T., Fan, J., Wang, B., Traugh, N., Chen, Q,, Liu, J. S., et al. (2017). TIMER: A Web
Server for Comprehensive Analysis of Tumor-Infiltrating Immune Cells.
Cancer Res. 77, €108-e110. doi:10.1158/0008-5472.can-17-0307

Ma, C,, Rong, Y., Radiloff, D. R,, Datto, M. B., Centeno, B., Bao, S., et al. (2008).
Extracellular Matrix Protein Ig-H3/TGFBI Promotes Metastasis of colon
Cancer by Enhancing Cell Extravasation. Genes Develop. 22, 308-321.
doi:10.1101/gad.1632008

Ma, J., Cui, W., He, S.-m., Duan, Y.-h., Heng, L.-j., Wang, L., et al. (2012). Human
U87 Astrocytoma Cell Invasion Induced by Interaction of Pig-h3 with Integrin
a5f1 Involves Calpain-2. PloS one 7, €37297. doi:10.1371/journal.pone.0037297

Malta, T. M., Sokolov, A., Gentles, A. J., Burzykowski, T., Poisson, L., Weinstein,
J. N., et al. (2018). Machine Learning Identifies Stemness Features Associated
with  Oncogenic Dedifferentiation. Cell 173, 338-354. doi:10.1016/
j.cell.2018.03.034

Mizuno, H., Kitada, K., Nakai, K., and Sarai, A. (2009). PrognoScan: a New
Database for Meta-Analysis of the Prognostic Value of Genes. BMC Med.
Genomics 2, 18. doi:10.1186/1755-8794-2-18

Nakazawa, N., Yokobori, T., Kaira, K., Turtoi, A., Baatar, S., Gombodorj, N., et al. (2020).
High Stromal TGFBI in Lung Cancer and Intratumoral CD8-Positive T Cells Were
Associated with Poor Prognosis and Therapeutic Resistance to Immune Checkpoint
Inhibitors. Ann. Surg. Oncol. 27, 933-942. doi:10.1245/s10434-019-07878-8

Ozawa, D., Yokobori, T., Sohda, M., Sakai, M., Hara, K., Honjo, H., et al. (2016).
TGFBI Expression in Cancer Stromal Cells Is Associated with Poor Prognosis
and Hematogenous Recurrence in Esophageal Squamous Cell Carcinoma. Ann.
Surg. Oncol. 23, 282-289. doi:10.1245/510434-014-4259-4

Pajares, M. J., Agorreta, J., Salvo, E., Behrens, C., Wistuball, Montuenga, L. M.,
et al. (2014). TGFBI Expression Is an Independent Predictor of Survival in
Adjuvant-Treated Lung Squamous Cell Carcinoma Patients. Br. J. Cancer 110,
1545-1551. doi:10.1038/bjc.2014.33

Razumilava, N., and Gores, G. J. (2014). Cholangiocarcinoma. The Lancet 383,
2168-2179. doi:10.1016/50140-6736(13)61903-0

Rhodes, D. R., Kalyana-Sundaram, S., Mahavisno, V., Varambally, R, Yu, J., Briggs,
B. B, et al. (2007). Oncomine 3.0: Genes, Pathways, and Networks in a
Collection of 18,000 Cancer Gene Expression Profiles. Neoplasia 9, 166-180.
doi:10.1593/ne0.07112

Skonier, J., Neubauer, M., Madisen, L., Bennett, K., Plowman, G. D., and Purchio, A.
F.(1992). cDNA Cloning and Sequence Analysis of Big-h3, a Novel Gene Induced
in a Human Adenocarcinoma Cell Line after Treatment with Transforming
Growth Factor-B. DNA Cel. Biol. 11, 511-522. doi:10.1089/dna.1992.11.511

Steitz, A. M., Steffes, A., Finkernagel, F., Unger, A., Sommerfeld, L., Jansen, J. M.,
et al. (2020). Tumor-associated Macrophages Promote Ovarian Cancer Cell
Migration by Secreting Transforming Growth Factor Beta Induced (TGFBI)
and Tenascin C. Cell Death Dis 11, 249. doi:10.1038/s41419-020-2438-8

Suzuki, M., Yokobori, T., Gombodorj, N., Yashiro, M., Turtoi, A., Handa, T., et al.
(2018). High Stromal Transforming Growth Factor B-induced Expression Is a
Novel Marker of Progression and Poor Prognosis in Gastric Cancer. J. Surg.
Oncol. 118, 966-974. doi:10.1002/js0.25217

Szklarczyk, D., Gable, A. L., Lyon, D., Junge, A., Wyder, S., Huerta-Cepas, J., et al.
(2019). STRING V11: Protein-Protein Association Networks with Increased

Pan-Cancer Analysis of TGFBI

Coverage, Supporting Functional Discovery in Genome-wide Experimental
Datasets. Nucleic Acids Res. 47, D607-d613. doi:10.1093/nar/gky1131

Tang, Z., Li, C,, Kang, B., Gao, G., Li, C,, and Zhang, Z. (2017). GEPIA: a Web
Server for Cancer and normal Gene Expression Profiling and Interactive
Analyses. Nucleic Acids Res. 45, W98-w102. doi:10.1093/nar/gkx247

Tate, J. G., Bamford, S., Jubb, H. C., Sondka, Z., Beare, D. M., Bindal, N., et al.
(2019). COSMIC: the Catalogue of Somatic Mutations in Cancer. Nucleic Acids
Res. 47, D941-d947. doi:10.1093/nar/gky1015

Thapa, N., Lee, B.-H., and Kim, L-S. (2007). TGFBIp/Big-h3 Protein: A Versatile
Matrix Molecule Induced by TGE-p. Int. J. Biochem. Cel Biol. 39, 2183-2194.
doi:10.1016/j.biocel.2007.06.004

Tumbarello, D. A., Temple, J., and Brenton, J. D. (2012). 3 Integrin Modulates
Transforming Growth Factor Beta Induced (TGFBI) Function and Paclitaxel
Response in Ovarian Cancer Cells. Mol. Cancer 11, 36. doi:10.1186/1476-4598-
11-36

Wang, B.-j., Chi, K.-p., Shen, R.-1, Zheng, S.-w., Guo, Y., Li, J.-f,, et al. (2019).
TGFBI Promotes Tumor Growth and Is Associated with Poor Prognosis in Oral
Squamous Cell Carcinoma. J. Cancer 10, 4902-4912. doi:10.7150/jca.29958

Wang, N., Zhang, H., Yao, Q.,, Wang, Y., Dai, S., and Yang, X. (2012). TGFBI
Promoter Hypermethylation Correlating with Paclitaxel Chemoresistance in
Ovarian Cancer. J. Exp. Clin. Cancer Res. 31, 6. doi:10.1186/1756-9966-31-6

Wen, G., Hong, M., Li, B., Liao, W., Cheng, S. K., Hu, B,, et al. (2011). Transforming
Growth Factor-p-Induced Protein (TGFBI) Suppresses Mesothelioma
Progression through the Akt/mTOR Pathway. Int. J. Oncol. 39, 1001-1009.
doi:10.3892/ij0.2011.1097

Wen, G., Partridge, M. A, Li, B,, Hong, M., Liao, W., Cheng, S. K,, et al. (2011).
TGEBI Expression Reduces In Vitro and In Vivo Metastatic Potential of Lung
and Breast Tumor Cells. Cancer Lett. 308, 23-32. doi:10.1016/
j.canlet.2011.04.010

Yan, H., Qu, J., Cao, W., Liu, Y., Zheng, G., Zhang, E., et al. (2019). Identification of
Prognostic Genes in the Acute Myeloid Leukemia Immune Microenvironment
Based on TCGA Data Analysis. Cancer Immunol. Immunother. 68, 1971-1978.
doi:10.1007/s00262-019-02408-7

Yang, L., Cui, R, Li, Y., Liang, K., Ni, M., and Gu, Y. (2020). Hypoxia-Induced
TGEFBI as a Serum Biomarker for Laboratory Diagnosis and Prognosis in
Patients with Pancreatic Ductal Adenocarcinoma. Lab. Med. 51, 352-361.
doi:10.1093/labmed/Imz063

Yin, J,, Liu, J.-S., Feng, M., Li, ].-M., Lu, S., Yang, M., et al. (2020). Comprehensively
Investigating the Expression Levels and the Prognostic Role of Transforming
Growth Factor Beta-Induced (TGFBI) in Glioblastoma Multiforme.
Translational Cancer Res. 9. doi:10.21037/tcr-20-2906

Yoshihara, K., Shahmoradgoli, M., Martinez, E., Vegesna, R, Kim, H., Torres-Garcia,
W., etal. (2013). Inferring Tumour Purity and Stromal and Immune Cell Admixture
from Expression Data. Nat. Commun. 4, 2612. doi:10.1038/ncomms3612

Zhang, H., Dong, S., and Feng, J. (2019). Epigenetic Profiling and mRNA
Expression Reveal Candidate Genes as Biomarkers for Colorectal Cancer.
J. Cel Biochem 120, 10767-10776. doi:10.1002/jcb.28368

Zou, J., Huang, R,, Li, H., Wang, B., Chen, Y., Chen, S,, et al. (2019). Secreted TGF-
Beta-Induced Protein Promotes Aggressive Progression in Bladder Cancer
Cells. Cancer. Manage. Res 11, 6995-7006. doi:10.2147/cmar.s208984

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Chen, Zhao, Feng, Ye, Hu, Guo and Feng. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Molecular Biosciences | www.frontiersin.org

17

October 2021 | Volume 8 | Article 745649


https://doi.org/10.1186/1476-4598-9-130
https://doi.org/10.1074/jbc.m207055200
https://doi.org/10.3390/cancers12071718
https://doi.org/10.3390/cancers12071718
https://doi.org/10.1038/jid.2014.20
https://doi.org/10.1038/jid.2014.20
https://doi.org/10.1186/1471-2407-12-239
https://doi.org/10.1158/0008-5472.can-17-0307
https://doi.org/10.1101/gad.1632008
https://doi.org/10.1371/journal.pone.0037297
https://doi.org/10.1016/j.cell.2018.03.034
https://doi.org/10.1016/j.cell.2018.03.034
https://doi.org/10.1186/1755-8794-2-18
https://doi.org/10.1245/s10434-019-07878-8
https://doi.org/10.1245/s10434-014-4259-4
https://doi.org/10.1038/bjc.2014.33
https://doi.org/10.1016/s0140-6736(13)61903-0
https://doi.org/10.1593/neo.07112
https://doi.org/10.1089/dna.1992.11.511
https://doi.org/10.1038/s41419-020-2438-8
https://doi.org/10.1002/jso.25217
https://doi.org/10.1093/nar/gky1131
https://doi.org/10.1093/nar/gkx247
https://doi.org/10.1093/nar/gky1015
https://doi.org/10.1016/j.biocel.2007.06.004
https://doi.org/10.1186/1476-4598-11-36
https://doi.org/10.1186/1476-4598-11-36
https://doi.org/10.7150/jca.29958
https://doi.org/10.1186/1756-9966-31-6
https://doi.org/10.3892/ijo.2011.1097
https://doi.org/10.1016/j.canlet.2011.04.010
https://doi.org/10.1016/j.canlet.2011.04.010
https://doi.org/10.1007/s00262-019-02408-7
https://doi.org/10.1093/labmed/lmz063
https://doi.org/10.21037/tcr-20-2906
https://doi.org/10.1038/ncomms3612
https://doi.org/10.1002/jcb.28368
https://doi.org/10.2147/cmar.s208984
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/molecular-biosciences
www.frontiersin.org
https://www.frontiersin.org/journals/molecular-biosciences#articles

	Pan-Cancer Analysis of the Associations of TGFBI Expression With Prognosis and Immune Characteristics
	Introduction
	Materials and Methods
	TCGA Data and Processing
	TGFBI Expression Analysis
	TGFBI Immunohistochemical Analysis
	TGFBI Expression and Cancer Survival
	TGFBI Mutation Profiles
	Correlation Analyses
	TGFBI Expression and Immune Cell Infiltration
	TGFBI Expression and TME Components
	TGFBI Expression and Drug Responses
	Protein–Protein Interactions Network and Enrichment Analyses of TGFBI
	Statistical Analyses

	Results
	TGFBI Expression Analysis in Pan-Cancer
	Correlation Between the Expression of TGFBI and Prognosis
	The Mutation Profiles of TGFBI in Pan-Cancer
	Genomic Analysis of TGFBI in Cancer
	TGFBI Expression and Immune Cell Infiltration
	Correlations of TGFBI Expression with Immunomodulatory Genes, TMB, and MSI
	TGFBI Expression and TME Components
	The Drug Responses Analysis of TGFBI Expression
	Protein-Protein Interactions Network and Enrichment Analyses of TGFBI

	Discussion
	Data Availability Statement
	Author Contributions
	Funding
	Supplementary Material
	References


