
Liao et al. Cancer Cell International          (2022) 22:213  
https://doi.org/10.1186/s12935-022-02622-x

RESEARCH

Thrombospondin‑2 acts as a bridge 
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Abstract 

Background:  Thrombospondin-2 (THBS2) is a versatile glycoprotein that regulates numerous biological functions, 
including the apoptosis-proliferation balance in endothelial cells, and it has been linked to tumor angiogenesis. How-
ever, the exact role of THBS2 in human cancer remains unknown. This study aimed to determine THBS2 expression in 
a pan-cancer analysis and its association with pan-cancer prognosis and to further identify its possible roles in tumor 
immunity and the extracellular matrix (ECM).

Methods:  Data on THBS2 expression in cancers and normal tissues were downloaded from the Genotype-Tissue 
Expression portal and UCSC Xena visual exploration tool and analyzed using the ONCOMINE database, Perl pro-
gramming language, and Gene Expression Profiling and Interactive Analyses vision 2 webserver. In addition, survival 
prognosis was analyzed using the survival, survminer, limma, and forestplot packages in R v. 4.0.3.Immune and matrix 
components were also analyzed using R v. 4.0.3. Most importantly, we partially validated the role and mechanism of 
THBS2 in pancreatic and gastric cancers in vitro using PANC1 and BGC-823 cell lines.

Results:  THBS2 was significantly overexpressed in 17 of the 33 investigated cancers and linked to a poor prognosis 
in pan-cancer survival analysis. High THBS2 expression was an independent unfavorable prognostic factor in kidney 
renal papillary cell, mesothelioma, and stomach and pancreatic adenocarcinomas. Immune infiltration and THBS2 
expression were also related. THBS2 expression has been linked to immune and stromal scores and immune check-
point markers in various cancers. The protein–protein interaction network revealed that THBS2 is associated with mul-
tiple ECM and immune proteins. THBS2 knockdown decreased the expression of CD47 and matrix metallopeptidase 2 
(MMP-2) as well as the proliferation, migration, and invasion of PANC1 and BGC-823 cells in vitro.

Conclusions:  Our findings suggested that THBS2 might promote cancer progression by remodeling the tumor 
microenvironment, affecting CD47-mediated signaling pathways, activating the pro-tumor functions of a disintegrin 

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

Cancer Cell International

†Xingchen Liao and Wei Wang contributed equally to this work

*Correspondence:  yubp62@163.com; 812328105@qq.com

1 Department of Gastroenterology, Renmin Hospital of Wuhan University, 
Wuhan 430060, China
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12935-022-02622-x&domain=pdf


Page 2 of 19Liao et al. Cancer Cell International          (2022) 22:213 

Background
Thrombospondin-2 (THBS2) is an extracellular matrix 
(ECM) protein belonging to the THBS family. Stromal 
fibroblasts and endothelial and immune cells secrete 
THBS2, which functions in cell migration, angiogenesis, 
apoptosis, and cytoskeletal regulation [1]. The signifi-
cantly elevated expression of THBS2 in various cancer 
types, including pancreatic and gastric cancers, is associ-
ated with their diagnosis, stage, and prognosis. Andreas 
et  al. [2] found that early pancreatic cancer can be 
screened using serum markers, including THBS2. Li [3] 
found that combining THBS2 with CA19-9 improved the 
detection of early gastric cancer. THBS2 is also a poten-
tial prognostic biomarker of colorectal, pancreatic, and 
gastric cancers [4].

The interplay between tumors and the immune sys-
tem is complex. The tumor microenvironment (TME) is 
crucial for tumorigenesis and progression in human can-
cers and has recently become a popular topic in tumor 
research. In addition to cellular components, the TME 
contains non-cellular components dominated by infil-
trating immune cells [5] comprising tumor-associated 

macrophages (TAMs), B cells, CD4 + and CD8 + T cells, 
and neutrophils. In addition to mediating the immune 
escape of tumor cells, tumor angiogenesis, and metasta-
sis [6–8], TAMs can affect the prognosis of patients and 
the effect of immunotherapy [9, 10]. Compared with the 
limitations of traditional anticancer therapies, alterna-
tive immunotherapy has achieved good results in vari-
ous cancers [11–13]. However, the relevance of THBS2 in 
tumor immunity and the underlying mechanisms remain 
unclear.

The aim of this study was to reveal the relationship 
between THSB2 expression and prognosis of tumor 
patients, and the interaction of THBS2 expression with 
immune cell infiltration and extracellular matrix pro-
teins, providing further insights into cancer prevention 
and treatment targets.

Methods
Cancer types assessed
Table 1 shows the 33 types of cancer that were assessed 
in this study.

and metalloproteinase with thrombospondin motifs, and enhancing MMP-2 expression. Furthermore, it functions as a 
bridge between the ECM and immune infiltration in cancer and serves as a potential prognostic biomarker for several 
cancers, especially pancreatic and gastric adenocarcinomas.

Keywords:  Thrombospondin-2, Pan-cancer analysis, Extracellular matrix, Immune infiltration, Tumor 
microenvironment, Prognosis, Biomarker

Table 1  Cancer types assessed in the present study

Abbreviations and full names of cancer types

ACC​ Adrenocortical carcinoma LUSC Lung squamous cell carcinoma

BLCA Bladder Urothelial Carcinoma MESO Mesothelioma

BRCA​ Breast invasive carcinoma OV Ovarian serous cystadenocarcinoma

CESC Cervical squamous cell carcinoma and endocervical adenocarci-
noma

PAAD Pancreatic adenocarcinoma

CHOL Cholangiocarcinoma PCPG Pheochromocytoma and Paraganglioma

COAD Colon adenocarcinoma PRAD Prostate adenocarcinoma

DLBC Lymphoid Neoplasm Diffuse Large B-cell Lymphoma READ Rectum adenocarcinoma

ESCA Esophageal carcinoma SARC​ Sarcoma

GBM Glioblastoma multiforme SKCM Skin Cutaneous Melanoma

HNSC Head and Neck squamous cell carcinoma STAD Stomach adenocarcinoma

KICH Kidney Chromophobe TGCT​ Testicular Germ Cell Tumors

KIRC Kidney renal clear cell carcinoma THCA Thyroid carcinoma

KIRP Kidney renal papillary cell carcinoma THYM Thymoma

LAML Acute Myeloid Leukemia UCEC Uterine Corpus Endometrial Carcinoma

LGG Brain Lower Grade Glioma UCS Uterine Carcinosarcoma

LIHC Liver hepatocellular carcinoma UVM Uveal Melanoma

LUAD Lung adenocarcinoma
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Gene expression analysis
The mRNA expression of THBS2 in different cancers was 
analyzed using the ONCOMINE database (www.​oncom​
ine.​org). The THBS2 expression data for different normal 
tissues and cancers was acquired from the Gene Expres-
sion Profiling and Interactive Analyses vision 2 (GEPIA2) 
webserver (http://​gepia2.​cancer-​pku.​cn/) and Genotype-
Tissue Expression (GTEx) database.

Pan‑cancer dataset source and processing
Gene-expression data and full clinical annotation of 
the 33 cancer datasets were obtained from UCSC Xena 
(https://​xenab​rowser.​net.). We then used Perl software 
(version 5.34.0) (https://​www.​perl.​org/) to sort out the 
matrix data of gene expression values.

Survival prognosis
Survival (overall survival [OS], disease-specific sur-
vival [DSS], disease-free interval [DFI], and progres-
sion-free interval [PFI]) and prognosis were analyzed 
using the survival, survminer, and forestplot packages 
in R v. 4.0.3 and the Bioconductor package limma in R. 
RNA-sequencing expression (level 3) profiles and cor-
responding clinical information for cancers were down-
loaded from The Cancer Genome Atlas (TCGA) dataset 
(https://​portal.​gdc.​com). Univariate and multivariate 
Cox regression analyses were performed, and forest 
plots were used to show the P-value, hazard ratio (HR), 
and 95% class interval of each variable using the ‘forest-
plot’ R package.

Immune infiltration
We analyzed immune and matrix components in the 
TME using the estimate package in R (version 4.0.3), as 
well as ImmuneScore, StromalScore, and EstimatScore. 
The associations between THBS2 and ImmuneScore and 
StromalScore in the 33 types of cancers were also ana-
lyzed. In addition, we calculated the putative proportions 
of immune cells from gene expression profiles using the 
online analytical platform CIBERSORT (https://​ciber​
sort.​stanf​ord.​edu/) [14]. Finally, we estimated the rela-
tionship between THBS2 and the relative abundance of 
tumor-infiltrating immune cells in the 33 cancer types 
using a reference set with 22 sorted immune cell subtypes 
(LM22) and CIBERSORT.

Cell culture
We cultured human stomach cancer (BGC-823) and 
human pancreatic cancer (PANC1) cells (China Center 
for Type Culture Collection, Wuhan, China) in RPMI 

1640 medium and cultured them in Dulbecco Modified 
Eagle medium. The cells were routinely maintained and 
supplemented with 10% fetal bovine serum and 1% peni-
cillin/streptomycin (C0222; Beyotime Biotechnology) at 
37 °C with 5% CO2.

Transfection
Cells were transfected with small interfering (si) THBS2 
mRNA or negative control (NC) siRNA, which were 
designed and produced (GenePharma, Shanghai, China) 
using the following forward and reverse (5′  3′) primers:
THBS2-SiRNA: GUU​UGC​UUC​AGA​ACG​UCC​ATT and 
UGG​ACG​UUC​UGA​AGC​AAA​CTT.
NC: UUC​UUC​GAA​CGU​GUC​ACG​UTT and ACG​UGA​
CAU​GUU​CGG​AGA​ATT.

Thereafter, cancer cells were transfected with siTHBS2 
or NC using Lipofectamine2000 (Thermo Fisher Scien-
tific, Waltham, MA, USA).

Cell migration, invasion, and proliferation assay
We evaluated the migration and proliferative capacity of 
PANC1 and BGC-823 cells using CCK-8, transwell, and 
wound healing assays.

Western blotting
Total protein from PANC1 and BGC-823 cells extracted 
using radioimmunoprecipitation assay buffer was 
resolved by gel electrophoresis and then electroblot-
ted onto polyvinylidene difluoride membranes. Subse-
quently, non-specific antigen binding was blocked using 
5% skim milk, and the membranes were then incubated 
at 4  °C with gentle shaking overnight with the follow-
ing primary antibodies: 1:500-diluted THBS2 (A8561) 
and 1:1,000-diluted CD47 (A1838; both from ABclonal 
Technology, Woburn, MA, USA), 1:100-diluted matrix 
metalloproteinase (MMP)-2 (sc-13095; Santa Cruz Bio-
technology, Dallas TX, USA), or 1:5,000-diluted GAPDH 
(60,004–1-Ig; ProteinTech Group, Rosemont, IL, USA). 
Thereafter, the membranes were incubated on the fol-
lowing day with 1:5,000-diluted secondary antibodies 
(SA00001-1 and SA00001-2; ProteinTech Group).

Quantitative reverse‑transcription PCR
Quantitative reverse-transcription polymerase chain 
reaction (qRT-PCR) was conducted using the StepOne™ 
PCR Detection System (Life Technologies, Carlsbad, CA, 
USA) and the forward and reverse (5′  3′) primers:

GAPDH: CAT​CAT​CCC​TGC​CTC​TAC​TGG and GTG​
GGT​GTC​GCT​GTT​GAA​GTC;

THBS2: TCC​TGC​TGG​CTC​TGT​GGG​TGT; TGT​GTT​
CTC​ACT​GAT​GGC​GT.

http://www.oncomine.org
http://www.oncomine.org
http://gepia2.cancer-pku.cn/
https://xenabrowser.net
https://www.perl.org/
https://portal.gdc.com
https://cibersort.stanford.edu/
https://cibersort.stanford.edu/
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Statistical analysis
Differences between normal and cancer tissues were 
compared using Student’s t-tests. Associations between 
THBS2 expression and patient survival were investigated 
using univariate survival analysis and Kaplan–Meier 
curves. Values with P < 0.05 were considered statistically 
significant. The statistical significance of the in vitro data 
was determined using GraphPad Prism 7 (GraphPad 
Software Inc., San Diego, CA, USA).

Results
Pan‑cancer THBS2 mRNA expression
We evaluated THBS2 expression in 34 normal tis-
sues from the GTEx database. The results showed that 
THBS2 was significantly higher in the cervix, uterus, 
endometrium, and adipose tissue and significantly lower 
in the skeletal muscle, cerebellum, pancreas, and stom-
ach (Fig.  1b). We further analyzed the mRNA expres-
sion of THBS2 in the ONCOMINE database to explore 

pan-cancer THBS2 expression. The findings revealed that 
cancer groups, such as bladder, colorectal, breast, esoph-
ageal, gastric, leukemia, liver, lung, lymphoma, myeloma, 
ovarian, pancreatic, and brain and central nervous sys-
tem cancers, as well as head and neck cancer, showed 
higher THBS2 expression than that of normal groups 
(Fig. 1c). We used TIMER2 to analyze RNA sequencing 
data from the TCGA database and evaluate pan-cancer 
THBS2 expression. The differential expression of THBS2 
in tumor and normal tissues is shown in Fig. 1d. THBS2 
expression was significantly lower in CESC, KICH, and 
UCEC than that in normal tissues. However, in BRCA, 
COAD, CHOL, ESCA, KIRC, KIRP, LUAD, LUSC, 
PRAD, PEAD, and STAD, THBS2 expression was signifi-
cantly higher than that in normal tissues. We then ana-
lyzed pan-cancer THBS2 expression and that in normal 
tissues using GEPIA2, which contains data for 31 tumor 
tissues from the TCGA database, as well as that of their 
corresponding normal tissues in the GTEx database. The 

Fig. 1  Expression of THBS2 mRNA in pan-cancer analysis. a Differential expression of THBS2 in cancers and normal tissues determined using 
GEPIA2. b THBS2 expression in 34 normal tissues determined using the GTEx database. c Comparison of THBS2 expression between normal and 
cancer tissues in ONCOMINE. d Expression of THBS2 in various cancer types according to TIMER2
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Fig. 2  Correlations between THBS2 expression and overall survival. a Relationship between hazard ratios and THBS2 expression in the 33 types of 
cancer. b–j Kaplan–Meier curves showing relationships between differential expression of THBS2 and overall survival of patients with adrenocortical 
carcinoma (ACC), bladder urothelial carcinoma (BLCA), kidney renal clear cell carcinoma (KIRC), kidney renal papillary cell carcinoma (KIRP), brain 
lower-grade glioma (LGG), mesothelioma (MESO), pancreatic adenocarcinoma (PAAD), stomach adenocarcinoma (STAD), skin cutaneous melanoma 
(SKCM), and uveal melanoma (UVM)
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results indicated that THBS2 expression was significantly 
higher in 17 cancers, mainly in BRCA, PAAD, and SARC, 
and significantly lower in 14 cancers, especially CESC, 
UCEC, and UCS (Fig.  1a). These findings reveal that 
THBS2 is aberrantly expressed in various cancers.

Pan‑cancer prognostic value of THBS2
We investigated whether THBS2 expression is associated 
with patient prognosis in pan-cancer analysis (OS, DSS, 
DFI, and PFI). We found that THBS2 expression was 
significantly associated with OS in ACC, BLCA, KIRC, 
KIRP, LGG, MESO, PAAD, STAD, SKCM, and UVM. 
(Fig.  2a). Abundant THBS2 expression was associated 
with a worse OS in all of these types of cancer except 
SKCM (Fig.  2b–j). The expression of THBS2 influenced 
DSS in ACC, KIRC, KIRP, LGG, MESO, PAAD, and 
UVM among 32 types of cancer (Fig. 3a). Kaplan–Meier 
curves associated increased THBS2 expression with a 
poor prognosis for these seven types of cancer. (Fig. 3b–
h). Forest plots showed that THBS2 expression influ-
enced DFI in ACC, CESC, LIHC, and PAAD (Fig.  4a). 
Kaplan–Meier curves of DFI associated high THBS2 
expression with a worse prognosis in CESC and PAAD 
(Fig. 4b–c). We assessed the correlations between THBS2 
expression and PFI, revealing that THBS2 expression 
influenced PFI in BRCA, COAD, DLBC, KICH, KIRC, 
MESO, PAAD, PRAD, and UVM (Fig.  5a). Except for 
DLBC, increased THBS2 expression negatively impacted 
PFI in these cancer types. (Fig. 5b–i). Our findings indi-
cated an association between THBS2 and the stages 
of ACC, BLCA, COAD, ESCA, KIRC, PAAD, READ, 
SKCM, STAD, and THCA (Fig.  6). More importantly, 
univariate and multivariate Cox regression analyses were 
performed to investigate whether THBS2 is an independ-
ent prognostic factor for patients with tumors. As shown 
in Fig.  7, in KIRP, MESO, PAAD, and STAD, results 
showed that high THBS2 expression was associated with 
poor OS of patients, indicating that high THBS2 expres-
sion was an independent unfavorable prognostic factor in 
these tumors. In contrast, in SKCM, low THBS2 expres-
sion was an independent unfavorable prognostic factor. 
These findings show that THBS2 expression is substan-
tially linked to patient prognosis in various cancers, par-
ticularly MESO, KIRP, STAD, SKCM, and PAAD.

Expression of THBS2 is correlated with immune infiltration 
and immune checkpoint markers
Immune cells play important roles in tumorigenesis 
and cancer development [15] and are closely associated 
with patient survival and prognosis [16]. Therefore, we 
obtained the scores for 15 types of infiltrative immune 
cells in 21 types of cancer using R. The results are shown 
as heat maps (Fig. 8). THBS2 expression was significantly 
correlated with the infiltration levels of B cells in 10 can-
cer types, dendritic cells in 6 cancer types, macrophages 
in 12 cancer types, neutrophils in 4 cancer types, 
CD4 + T cells in 17 cancer types, and CD8 + T cells in 
8 cancer types. Moreover, M2 macrophages, T follicular 
helper cells (Tfh cells), and resting CD4 memory T cells 
were the three immune cell types most strongly cor-
related with THBS2 expression across 21 cancer types. 
Macrophages are the most abundant infiltrative immune-
associated stromal cells present in the TME [17], and M2 
macrophages primarily promote tumor growth and influ-
ence metastasis in various cancers by interacting with 
cancer cells [18]. We found that M2 macrophages were 
positively correlated with THBS2 expression in BLCA, 
COAD, HNSC, READ, THYM, TGCT, SARC, and STAD. 
Tfh cells, which are required for B-cell maturation and 
antibody production, have been shown to enhance anti-
tumor immune responses, and high levels of infiltrating 
Tfh cells in the TME are positively associated with better 
prognosis in patients [19, 20]. Likewise, activated natu-
ral killer (NK) cells generally inhibit tumor progression 
[21]. Accordingly, we found that activated NK cells were 
negatively correlated with THBS2 expression in BLCA, 
CESC, KIRC, OV, THCA, and UCEC, and Tfh cells 
were negatively correlated with THBS2 expression in 
BLCA, BRCA, HNSC, KIRC, LUAD, LUSC, OV, PRAD, 
and SKCM. Moreover, THBS2 expression in PAAD was 
positively correlated with neutrophil infiltration and M2 
macrophage and monocyte infiltration in STAD. Overall, 
in the TME, THBS2 expression was positively correlated 
with tumor-promoting immune infiltrating cells and neg-
atively correlated with tumor-suppressing immune infil-
trating cells. These results suggest that THBS2 plays an 
important role in mediating tumor immune cells (Fig. 8).

In addition to analyzing immune-infiltrating cells, 
we also used ImmuneScore and StromalScore to assess 

(See figure on next page.)
Fig. 3  Correlation between THBS2 expression and disease-specific survival. a Relationships between hazard ratios and THBS2 expression in 32 
cancers. b–h Kaplan–Meier curves showing relationships between differential expression of THBS2 and disease-specific survival of adrenocortical 
carcinoma (ACC), kidney renal clear cell carcinoma (KIRC), kidney renal papillary cell carcinoma (KIRP), brain lower-grade glioma (LGG), 
mesothelioma (MESO), pancreatic adenocarcinoma (PAAD), and uveal melanoma (UVM)



Page 7 of 19Liao et al. Cancer Cell International          (2022) 22:213 	

Fig. 3  (See legend on previous page.)
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immune and matrix components in pan-cancer analysis. 
The results indicated that THBS2 expression significantly 
and positively correlated with the StromalScore in ACC, 
BLCA, BRCA, CESC, CHOL, COAD, GBM, ESCA, 
DLBC, HNSC, KIRC, KICH, LIHC, KIRP, OV, MESO, 
LUAD, LUSC, READ, PCPG, PRAD, SARC, SKCM, 
PAAD, UCEC, THCA, UCS, TGCT, UVM, and STAD 
(Fig.  9a). THBS2 expression also significantly and posi-
tively correlated with ImmuneScore in BRCA, BLCA, 
LIHC, COAD, KIRC, KICH, PRAD, PCPG, PAAD, OV 

LUSC, LUAD, SARC, READ, UCEC, THCA, STAD, 
SKCM, and UVM (Fig. 9b).

Given that we identified a relationship between 
THBS2 expression and immune infiltration, we further 
analyzed correlations between THBS2 expression and 
48 common immune checkpoint genes in 33 cancers. 
The results indicated that THBS2 expression in BLCA, 
BRCA, COAD, ESCA, KICH, KIRC, LGG, LIHC, LUAD, 
LUSC, OV, PAAD, PRAD, PCPG, READ, SKCM, THCA, 
THYM, UCEC, and UVM correlated with > 30 immune 

Fig. 4  Correlations between THBS2 expression and disease-free interval. a Relationships between hazard ratios and THBS2 expression in 28 types 
of cancer. b, c Kaplan–Meier curves showing relationships between differential expression of THBS2 and disease-free intervals in cervical squamous 
cell carcinoma and endocervical (CESC) and pancreatic adenocarcinomas (PAAD)
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Fig. 5  Correlations between THBS2 expression and platinum-free interval. a Relationships between hazard ratios and THBS2 expression in 32 types 
of cancer. b–i Kaplan–Meier curves showing relationships between differential expression of THBS2 and platinum-free intervals in breast invasive 
carcinoma (BRCA), colon adenocarcinoma (COAD), kidney chromophobe (KICH), kidney renal clear cell carcinoma (KIRC), mesothelioma (MESO), 
pancreatic adenocarcinomas (PAAD), prostate adenocarcinoma (PRAD), and uveal melanoma (UVM)
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Fig. 6  Association between THBS2 expression and stages of 10 types of cancer. Types of cancer: adrenocortical carcinoma (ACC), bladder 
urothelial carcinoma (BLCA), colon adenocarcinoma (COAD), esophageal carcinoma (ESCA), kidney renal clear cell carcinoma (KIRC), pancreatic 
adenocarcinoma (PAAD), rectal adenocarcinoma (READ), skin cutaneous melanoma (SKCM), stomach adenocarcinoma (STAD), and thyroid 
carcinoma (THCA)
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checkpoint markers (Fig.  10). Among these, THBS2 
expression was correlated with 45, 42, and 41 immune 
checkpoint genes in PRAD, COAD, and LIHC and 
THCA, respectively. These results indicated that THBS2 
plays significant roles in tumor immunity and the matrix 
as an ECM protein.

Protein–protein interaction (PPI) network of THBS2 
in cancer
We created a PPI network for THBS2 using STRING to 
identify probable processes by which THBS2 contributes 
to carcinogenesis. Figure 11 shows that THBS2 is closely 

associated with ECM proteins such as matrix metallo-
peptidase 2 (MMP-2) and a disintegrin and metallopro-
teinase with thrombospondin motif (ADAMTS) family 
and immune proteins such as CD47.

THBS2 promotes proliferation and metastasis in PAAD 
and STAD
We performed a pan-cancer analysis of THBS2 expres-
sion in 33 tumors, and we found that THBS2 expression 
was strongly correlated with prognosis in PAAD and 
STAD. Especially in PAAD, THBS2 expression was sig-
nificantly associated with poor OS, DSS, DFI, and PFI. 

Fig. 7  Univariate and multivariate Cox regression analyses of THBS2, tumor pathological staging, and overall survival of kidney renal papillary cell 
carcinoma (KIRP), mesothelioma (MESO), pancreatic adenocarcinoma (PAAD), skin cutaneous melanoma (SKCM), and stomach adenocarcinoma 
(STAD) patients
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In addition, univariate and multifactorial Cox regression 
analyses confirmed that high THBS2 expression was an 
independent unfavorable prognostic factor in STAD and 
PAAD. Moreover, we found that THBS2 was positively 
correlated with the immune and matrix components of 
STAD and PAAD. To verify our results and better under-
stand the biological effects of THBS2 on PAAD and 
STAD, we knocked down THBS2 by transfecting PANC-1 
and BGC-823 cells with THBS2 siRNA. Western blotting 
results showed decreased expression of CD47, MMP-2, 
and THBS2 (Fig. 12a–c). In addition, CCK8 assay results 
showed that THBS2 downregulation inhibited PANC1 
and BGC-823 cell proliferation (Fig.  13g). Finally, tran-
swell and wound healing assays showed that THBS2 
knockdown also inhibited the metastasis and invasion 
of PANC1 and BGC-823 cells. (Fig. 13a–f). These results 
indicated that THBS2 promotes the growth and metasta-
sis of PAAD and STAD.

Discussion
Pan-cancer analysis has recently attracted increasing 
interest because it can easily and economically ana-
lyze tumor similarities and differences, thus revealing 

potential targets for cancer prevention and treatment 
[22]. The THBS2 protein belongs to the THBS family and 
is considered a vital regulator of tumorigenesis. A clinical 
study of patients with cancer in China has found signifi-
cant heterogeneity in the distribution of serum THBS2 
in diverse types of cancer compared with healthy control 
individuals [23]. THBS2 is a potential diagnostic marker 
for pancreatic, gastric, non-small-cell lung, and colorec-
tal cancers [2, 3, 24–26].

Our analysis of TCGA and GTEx database data 
revealed the abnormal expression of THBS2 in 17 types 
of cancer relative to that in healthy tissues. Therefore, we 
further investigated the importance of THBS2 expression 
in patient prognosis and found that increased THBS2 
expression was associated with a worse prognosis (OS, 
DSS, DFI, and PFI), especially in patients with ACC, 
KICH, KIRP, PAAD, and STAD. These results indicated 
that THBS2 could be a prognostic marker for ACC, 
KICH, KIRP, PAAD, and STAD.

The TME has become a prominent and important area 
in tumor research. The TME consists of immune and 
stromal cells, blood vessels, and the ECM [27]. Immune 
cells comprise infiltrating cells such as B, T, and other 
types of immune cells, which play dual roles in tumors. 
On the one hand, they can detect and kill tumor cells 
[27, 28], whereas, on the other hand, they can allow 
tumor cells to evade immune surveillance and metas-
tasize via various mechanisms [29–31]. For example, 
CD8 + T cells can recognize and kill cancer cells that 
express aberrant tumor antigens. In response to the 
actions of various cytokines and environments, CD4 + T 
cells can differentiate into various cell subtypes and par-
ticipate in the adaptive immune response. Although the 
TME contains fewer B than T cells, B cells are important 
for tumor development [32]. In addition to immune-
infiltrating cells, other immune cell types have specific 
functions in the TME. For example, elevated levels of 
macrophage infiltration are related to a poor prognosis 
among patients with breast, lung, and gastric cancers 
[11, 33, 34]. Neutrophils are recruited to the TME early 
in tumor development and promote tumor cell apoptosis 

Fig. 8  Correlations between THBS2 expression and abundance of 
infiltrating immune cells among types of cancer

(See figure on next page.)
Fig. 9  Correlations between THBS2 expression and ImmuneScore/StromalScore in cancers. a Correlation between THBS2 expression and 
ImmuneScore was identified in adrenocortical carcinoma (ACC), bladder urothelial carcinoma (BLCA), breast invasive carcinoma (BRCA), cervical 
squamous cell carcinoma and endocervical adenocarcinoma (CESC), cholangiocarcinoma (CHOL), colon adenocarcinoma (COAD), glioblastoma 
multiforme (GBM), esophageal carcinoma (ESCA), lymphoid neoplasm diffuse large B-cell lymphoma (DLBC), head and neck squamous cell 
carcinoma (HNSC), kidney renal clear cell carcinoma (KIRC), kidney chromophobe (KICH), liver hepatocellular carcinoma (LIHC), kidney renal 
papillary cell carcinoma (KIRP), ovarian serous cystadenocarcinoma (OV), mesothelioma (MESO), lung adenocarcinoma (LUAD), lung squamous cell 
carcinoma (LUSC), rectal adenocarcinoma (READ), pheochromocytoma and paraganglioma (PCPG), prostate adenocarcinoma (PRAD), sarcoma 
(SARC), skin cutaneous melanoma (SKCM), pancreatic adenocarcinoma (PAAD), uterine corpus endometrial carcinoma (UCEC), thyroid carcinoma 
(THCA), uterine carcinosarcoma (UCS), testicular germ cell tumors (TGCT), uveal melanoma (UVM), and stomach adenocarcinoma (STAD). b 
Correlations between THBS2 expression and StromalScore were identified in BLCA, BRCA, LIHC, COAD, KIRC, KICH, PRAD, PCPG, PAAD, OV, LUSC, 
LUAD, SARC, READ, UCEC, THCA, STAD, SKCM, and UVM
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Fig. 9  (See legend on previous page.)
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by releasing cytokines and ROS. However, neutrophils 
can later stimulate angiogenesis by producing MMPs that 
ultimately promote tumor progression and local inva-
sion, consequently enhancing tumor growth [35]. We 
found that THBS2 expression in PAAD was positively 
correlated with neutrophil infiltration and M2 mac-
rophage and monocyte infiltration in STAD. Neutrophils 
have an immunosuppressive capacity, and tumor neutro-
phils may achieve a more immunosuppressive state by 
transitioning to oxidative metabolism [36, 37]. Moreo-
ver, tumor neutrophil infiltration is related to metastatic 
potential in PDAC [38]. Neutrophil extracellular traps 
release neutrophil elastase and MMP-9, which induce the 
proliferation of latent metastatic cancer cells and lead to 
metastatic tumor formation [39]. M2 macrophages, on 

the one hand, produce IL-10 and TGF-β, leading to sup-
pression of the general anti-tumor immune response. On 
the other hand, they promote tumor neoangiogenesis 
by secreting pro-angiogenic factors and establishing the 
invasive TME to promote tumor metastasis and dissemi-
nation [40]. In gastric cancer, IL-6 induces the differen-
tiation of M2 macrophages and promotes the secretion 
of tumor-promoting cytokines, such as IL-10 and TGF-β, 
by M2 macrophages, thus facilitating tumor growth and 
tumor metastasis [18, 41]. Monocytes can be recruited 
to the TME for differentiation, and in general, TME-infil-
trating monocyte-derived cells can be divided into three 
main subsets: TAM, tumor-associated dendritic cells, and 
myeloid-derived suppressor cells [42]. Tumor-infiltrating 
monocyte-derived cells support tumor growth through 

Fig. 10  Correlations between THBS2 expression and 48 common immune checkpoint genes in 33 types of cancer. *P < 0.05, **P < 0.01, ***P < 0.001
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immunologic and non-immunologic mechanisms. Alto-
gether, immune cells play crucial roles in tumorigenesis 
and progression. The present study found that THBS2 
expression was significantly related to the abundance of 
various immune cells in various tumor types. We also 
demonstrated that THBS2 expression is positively cor-
related with tumor-promoting immune infiltrating cells 
such as M2 macrophages and negatively correlated with 
tumor-suppressing immune infiltrating cells, including 
Tfh and activated NK cells, and is associated with > 30 
immune checkpoint genes in 20 cancer types. Immune-
Score and StromalScore are associated with the amount 
of immune and matrix components in the TME [43]. Our 
results showed that THBS2 expression positively corre-
lated with ImmuneScore and StromalScore in 30 and 19 
cancer types, respectively.

The ECM plays an important role in the TME. In addi-
tion to being a physical scaffold for cells, it is also a vital 
element in driving tumor cell spread. Matrix metallopro-
teinases comprise a family of zinc- and calcium-depend-
ent proteases that digest ECM proteins and are essential 
for reshaping the ECM [32]. Furthermore, MMPs not 
only degrade ECM but also play crucial roles in mediat-
ing tumor angiogenesis, metastasis, and invasion. Among 
the MMP family, MMP-2 promotes tumor growth, tis-
sue invasion, angiogenesis, and metastasis [44–46], and 
its overexpression might be associated with tumor pro-
gression and a poor prognosis for ovarian epithelial 
carcinoma, oral cavity cancers, and non-small cell lung 
cancer patients [47–50]. Therefore, MMP-2 is considered 

a potential tumorigenesis biomarker, a key effector of 
ECM remodeling, and a potential target for antitumor 
therapy. A disintegrin and metalloproteinase with throm-
bospondin motifs (ADAMTSs) interact with various 
ECM components or regulators to affect cell adhesion, 
migration, proliferation, and angiogenesis. Furthermore, 
ADAMTSs can alter the TME through various pathways 
and exert pro-tumorigenic or anti-tumor properties 
depending on the substrates or interacting partners pre-
sent in the microenvironment [51]. CD47, a transmem-
brane glycoprotein with five transmembrane domains, 
belongs to the immunoglobulin superfamily and is widely 
expressed on the surface of almost all normal cells. CD47 
negatively regulates anti-tumor immunity by inhibiting 
phagocytosis, and its overexpression has been observed 
in most cancers. Moreover, high CD47 mRNA expression 
levels have been associated with poorer clinical outcomes 
[52]. Pan et al. showed that CD47 targeting induced com-
partmental remodeling of tumor-infiltrating immune 
cells in the TME in pancreatic cancer, and Shi et  al. 
showed that CD47 expression in gastric cancer correlated 
with macrophage infiltration [53]. In addition, therapies 
that block the CD47/SIRPα axis may stimulate phago-
cytosis of cancer cells in  vitro and anti-tumor immune 
responses in  vivo through macrophages and other 
immune cells. Its early clinical trials are also underway 
[54]. Through PPI networking, we showed that THBS2 in 
the TME was significantly associated with ECM proteins, 
including MMP-2, some ADAMTS protein family pro-
teins, and immune-related proteins such as CD47. Finally, 
our in vitro findings confirmed that THBS2 knockdown 
inhibited the proliferation, migration, and invasion of 
PANC1 and BGC-823 cells and decreased the expres-
sion of the immune-related protein CD47 and the ECM 
proteinase MMP-2. These results suggest that THBS2 
may act as a bridge between the ECM and immune infil-
tration, affecting the CD47-mediated signaling pathway, 
activating the tumor-promoting function of ADAMTs, 
and enhancing MMP-2 expression, thus remodeling the 
TME and promoting tumor proliferation and migration 
(Additional file 1).

Conclusions
Overall, our findings indicated that THBS2 overexpres-
sion correlates with a poor prognosis and increased 
immune cell infiltration in numerous cancer types. In 
addition, THBS2 expression positively correlated with 
tumor-promoting immune infiltrating cells and nega-
tively correlated with tumor-suppressing immune 

Fig. 11  Protein–protein interaction network for THBS2
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infiltrating cells. Furthermore, THBS2 was closely asso-
ciated with various ECM and immune proteins and the 
expression of immune checkpoint markers in various 
cancer types. Our in vitro results confirmed that THBS2 
knockdown inhibited CD47 and MMP-2 expression and 
the progression of pancreatic and gastric cancers. Thus, 
THBS2 might promote cancer progression by remodeling 

the TME, affecting CD47-mediated signaling pathways, 
activating the pro-tumor functions of ADAMTSs, and 
enhancing MMP-2 expression. Moreover, THBS2 may 
function as a bridge between the ECM and immune 
infiltration in cancer and serve as a potential prognostic 
biomarker for several cancers, especially pancreatic and 
gastric adenocarcinomas.

Fig. 12  Expression of THBS2 in PANC1 and BGC-823 cells. a–c Western blots of PANC1 and BGC-823 cells with THBS2 knockdown. d Transfection 
efficiency of THBS2 siRNA in PANC1 and BGC-823 cells validated by qRT-PCR. *P < 0.05, **P < 0.01, ***P < 0.001
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Fig. 13  Thrombospondin-2 promotes proliferation and metastasis of PANC1 and BGC-823 cells. a–f Migration and invasion of PANC1 and BGC-823 
cells with THBS2 knockdown. g Proliferation of PANC1 and BGC-823 cells with THBS2 knockdown for 24 h. *P < 0.05, **P < 0.01, ***P < 0.001
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