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Identification of adhesion-associated extracellular 
matrix component thrombospondin 3 as a 
prognostic signature for clear cell renal cell 
carcinoma
Xiangling Chen1,2,3,* , Jiatian Lin4,* , Min Chen5 , Qiaoling Chen6 , Zhiming Cai1 , Aifa Tang1,2

1Guangdong Provincial Key Laboratory of Systems Biology and Synthetic Biology for Urogenital Tumors, Department of Urology, The First Affiliated Hospital of Shenzhen 
University, Shenzhen Second People’s Hospital, Shenzhen Institute of Translational Medicine, Shenzhen, 2Shenzhen Key Laboratory of Genitourinary Tumor, Department 
of Urology, The First Affiliated Hospital of Shenzhen University, Shenzhen Second People’s Hospital, Shenzhen Institute of Translational Medicine, Shenzhen, 3Shenzhen 
Institutes of Advanced Technology, Chinese Academy of Sciences, Shenzhen, 4Department of Minimally Invasive Intervention, Peking University Shenzhen Hospital, 
Shenzhen, 5State Key Laboratory of Cell Biology, CAS Key Laboratory of Systems Biology, CAS Center for Excellence in Molecular Cell Science, Innovation Center for Cell 
Signaling Network, Shanghai Institute of Biochemistry and Cell Biology, University of Chinese Academy of Sciences, Shanghai, 6Department of Biology, NO.6 Middle 
School of Changsha, Changsha, China

Purpose: Clear cell renal cell carcinoma (ccRCC) is a highly aggressive disease, and approximately 30% of patients are diagnosed 
at the metastatic stage. Even with targeted therapies, the prognosis of advanced ccRCC is poor. The aim of this study was to inves-
tigate clinical prognosis signatures by analyzing the ccRCC datasets in The Cancer Genome Atlas (TCGA) and the Clinical Proteomic 
Tumor Analysis Consortium (CPTAC) and the function of thrombospondin 3 (THBS3) in ccRCC.
Materials and Methods: We analyzed the ccRCC datasets in TCGA and CPTAC to search for extracellular matrix (ECM)-related and 
adhesion-associated genes, and conducted overall survival, Cox, and receiver operating characteristic analyses. We also performed 
CCK8, colony formation, and transwell assays to compared the proliferation and migration ability of THBS3 knockout cells with 
those of cells without THBS3 knockout.
Results: Comprehensive bioinformatics analysis revealed that THBS3 is a novel candidate oncogene that is overexpressed in ccRCC 
tumor tissue and that its elevated expression indicates poor prognosis. Our study also showed that knockdown of THBS3 inhibits 
proliferation, colony formation, and migration of ccRCC cells.
Conclusions: In summary, our data have revealed that THBS3 is upregulated in cancer tissues and could be used as a novel prog-
nostic marker for ccRCC. Our findings thus offer theoretical support with bioinformatics analyses to the study of ECM and adhesion 
proteins in ccRCC, which may provide a new perspective for the clinical management of ccRCC.
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INTRODUCTION

Renal cell carcinoma (RCC), which originates from the 
renal epithelium, accounts for 90% of cancers in the kidney 
[1]. Clear cell RCC (ccRCC) is the most common subtype, rep-
resenting approximately 75% of all cases of renal cancers, 
and contributes to the majority of cancer-associated deaths 
[2]. Surgical resection is the main treatment strategy for the 
management of localized RCC, but approximately 30% of 
patients experience local recurrence or distant metastasis, 
and the 5-year survival rate is poor [3,4]. ccRCC is considered 
resistant to conventional chemotherapy and radiotherapy 
owing to its complex molecular mechanisms [5]. Hence, it is 
imperative to explore the molecular mechanisms underly-
ing ccRCC pathogenesis to uncover reliable signatures that 
could be used as diagnostic biomarkers and therapeutic 
targets. Accordingly, our study aimed to identify robust mo-
lecular signatures with potential to affect the prognosis of 
ccRCC. We believe that our findings would be supportive for 
developing novel gene- or protein-targeted drugs for better 
management of ccRCC.

Poorly defined tumor phenotypes are closely correlated 
with ccRCC prognosis. Therefore, it is reasonable to screen 
for factors associated with ccRCC prognosis by identify-
ing tumor phenotype-associated genes or proteins. Recently, 
several studies have investigated the tumor biomarkers as-
sociated with ccRCC metastasis, such as the oncogenic driver 
SEMBT1 [6] and the dopamine transporter SLC6A3 [7]. In 
addition, some studies have used gene expression profile 
data generated by high-throughput platforms to explore 
ccRCC gene signatures and identify genes such as AHNAK2 
[8]. However, the research focusing on genes that can pre-
dict the metastasis of ccRCC is still limited. In this study, 
we aimed to screen ccRCC tumor phenotype-associated dif-
ferentially expressed genes and proteins (DEGs and DEPs, 
respectively) in both The Cancer Genome Atlas (TCGA) and 
the Clinical Proteomic Tumor Analysis Consortium (CPTAC). 
We screened a total of 127 extracellular matrix (ECM) and 
adhesion-associated genes or proteins that regulate tissue 
development, homeostasis, cell growth, differentiation, and 
migration [9,10] for further analyses.

Thrombospondin 3 (THBS3) was originally discovered 
during sequencing of DNA upstream from the transcription 
start site of the mouse Muc1 (episialin) gene [11], which is a 
member of the THBS family. Thrombospondins are secreted 
ECM proteins, of which there are five homologous members. 
They share a complex domain structure and have numerous 
binding partners in the ECM and multiple cell surface re-
ceptors [12]. THBS3 functions in heart [13], skin [14], and bone 

development [15]. However, limited knowledge exists about 
the role of THBS3 during disease conditions, especially in 
tumors. THBS3 has been reported to stimulate osteosarcoma 
[16]. In addition, THBS3 demonstrates the greatest mRNA 
abundance in the kidney, pituitary gland, trachea, uterus, 
and fetal kidney [17]. These findings suggest that THBS3 
may play an important role in disease progression, especially 
in kidney-associated diseases. The clinical significance and 
prognostic value of THBS3 in ccRCC patients remain largely 
unknown and therefore warrant further systematic investi-
gation.

MATERIALS AND METHODS

1. Cell culture
ACHN and 769-P cells were purchased from the Cell 

Bank of the Chinese Academy of Sciences (Shanghai, China). 
769-P cells were cultured in RPMI 1640 (Gibco, Beijing, Chi-
na) and ACHN cells in MEM (Gibco) with 10% fetal bovine 
serum (FBS) and 1% penicillin/streptomycin in an incubator 
at 37ºC with 5% CO2.

2. siRNA transfection
siRNA sequences were synthesized by GenePharma 

(Shanghai, China). The two siRNAs of THBS3 were as fol-
lows: 5’-CCAGATTCAGAATTCAGAATT-3’ (siTHBS3-1), 
5’-CAATCAGAAGGACTCAGATTT-3’ (siTHBS3-2). All 
siRNAs were transfected at a final concentration of 60 nM 
with Lipofectamine 3000 (L3000-015; Thermo Fisher, Invitro-
gen, Carlsbad, CA, USA).

3. CCK8 cell proliferation assay
After 24 hours of targeted siRNA transfection, cells were 

seeded into 96-well plates (3,000 cells/well, 4 replicate wells 
per group). The Cell Counting Kit 8 (CK04; Dojindo, Kuma-
moto Prefecture, Japan) was used according to the manufac-
turer’s instructions. We used a microplate reader to detect 
the optical density at 450 nm.

4. Colony formation assay
After 24 hours of targeted siRNA transfection, cells were 

seeded and cultured in 6-well plates (1,500 cells/well) for 14 
days. Each well was then washed with phosphate buffer sa-
line (PBS) two times, and the cells were fixed with methanol 
for 15 minutes and stained with 0.5% crystal violet solution 
for 20 minutes. The numbers of colonies per well were man-
ually counted.
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5. 5-Ethynyl-2’-deoxyuridine incorporation assay
5-Ethynyl-2’-deoxyuridine (EDU) testing was based on 

previous reports [18]. After 24 hours of  targeted siRNA 
transfection, cells were seeded into 96-well plates, incubated 
with 50 μM EDU for 2 hours, and stained with Apollo fluo-
rescent dye (Cell-Light EDU Apollo567 In Vitro Kit, C10310-1; 
Ribobio, Guangzhou, China). Images were acquired under a 
fluorescent microscope.

6. Transwell migration assay
The cell migration assay was conducted using a transwell 

chamber (3422, 8-μm pore size; Corning company, Corning, 
NY, USA). After 24 hours of targeted siRNA transfection, 
cells were placed on the upper layer with no FBS media and 
lower chamber with media containing 20% FBS. Cells were 
incubated for 24 hours, fixed with 4% paraformaldehyde, 
dried, and stained with 0.1% crystal violet, and the upper 
chamber cells were gently removed. Cells that had passed 
through the pore and adhered to the lower membrane sur-
face were counted manually.

7. Wound-healing assays
Cells were cultured in 12-well plates for wound-healing 

assays. After 72 hours of targeted siRNA transfection, the 
cell density reached 100%, and the scratch operation was 
carried out. The plates were photographed at 0 and 10 hours 
after the scratch operation. The wound edges were indicated 
by black lines. The percentage of wound closure was calcu-
lated.

8. RNA isolation and quantitative real-time PCR 
(RT-PCR)
Total RNA was isolated from cells using Trizol reagent 

(Thermo fisher, Ambion by Life technologies, Carlsbad, CA, 
USA). Isolated total RNA was reverse-transcribed into cDNA 
using the mRNA RT Reagent Kit (RR047A; TaKaRa, Shiga, 
Japen). RT-PCR using FastStart Universal SYBR Green 
Master (ROX) (04913914001; Roche, Mannheim, Germany) 
was carried out on an Applied Biosystems 7500 real-time 
PCR system (Applied Biosystem, Foster City, CA, USA). The 
gene ACTIN served as an endogenous control for normaliza-
tion. Primers used were as follows: THBS3 forward primer, 
ATGGAGACGCAGGAACTTCG; THBS3 reverse primer, 
AGGCTGTCCGGATCTTCTCT; ACTIN forward primer, 
CATCCGCAAAGACCTGTACG; ACTIN reverse primer, 
CCTGCTTGCTGATCCACATC.
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Fig. 1. Identification of differently expressed genes and proteins. (A) Identified 4,941 DEGs in the ccRCC TCGA datasets. They are plotted in the 
volcano plot, in which the logarithmic ratios of the fold change (FC) of tumor/normal are plotted against negative logarithmic p-values. Of these 
4,941 DEGs, 2,576 genes were  significantly downregulated (blue), 2,365 genes were upregulated (red) (|FC|>2, p<0.05). (B) Identified 5,349 DEPs 
in the ccRCC CPTAC datasets, of which 2,500 proteins were downregulated and 2,849 proteins were upregulated (|FC|>1.2, p<0.05). (C) Analysis of 
the overlapping genes/proteins in the TCGA and CPTAC databases. Analysis of the overlapping (D) upregulated or (E) downregulated genes/pro-
teins in the TCGA and CPTAC databases, respectively. DEG, differentially expressed gene; ccRCC, clear cell renal cell carcinoma; TCGA, The Cancer 
Genome Atlas; DEP, differentially expressed protein; CPTAC, Clinical Proteomic Tumor Analysis Consortium.
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9. Database
The gene expression profiles and clinical data of patients 

were obtained from UCSC Xena (https://xenabrowser.net/
datapages/) and the protein expression profiles were ob-
tained from CPTAC (https://proteomics.cancer.gov/programs/
cptac). The TIMER online tool was used to analyze the ex-
pression of the THBS3 gene in different tumors (http://timer.

comp-genomics.org).

10. Identification of differentially expressed 
genes and proteins
We identified DEGs in ccRCC from TCGA with p<0.05 

and |log2-fold change (FC)|>1 and DEPs with p<0.01 and 
|FC|>0.263.
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Fig. 2. Functional pathway analysis. (A-C) Gene ontology (GO) terms 
representing the top 30 categories of biological processes (BPs), cell 
components (CCs), and molecular function (MF). (D) Kyoto Encyclo-
pedia of Genes and Genomes (KEGG) pathway analysis showing the 
top 30 signaling pathways. (E) The circle diagram shows the three 
significantly enriched categories, including positive regulation of cell 
adhesion, extracellular matrix (ECM) structural constituents, and ECM-
receptor interaction, paired with their 127 genes. 
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11. Gene ontology (GO) and Kyoto Encyclopedia 
of Genes and Genomes (KEGG) pathway  
enrichment
We used the overlapping DEGs and DEPs for gene en-

richment and functional annotation analysis by use of the 
“ClusterProfiler” package in R-3.6.1.

12. Overall survival, progression-free interval, 
and disease-specific survival analysis
The “Survival” R package was used to analyze the rela-

tionship between the expression level of 127 ECM and ad-
hesion-associated genes and the overall survival (OS) of pa-
tients from the TCGA dataset. SPSS Statistics 24.0 software 
(IBM Corp., Armonk, NY, USA) was used to analyze the 
relationship between THBS3 gene expression levels and OS, 
progression-free interval (PFI), and disease-specific survival 
(DSS). We tested this relationship by the Kaplan–Meier 
method with a log-rank test, where p<0.05 was regarded as 
statistically significant.

13. Establishment of regression and overall  
survival risk prognostic models for clear cell 
renal cell carcinoma 
After screening the ccRCC samples with complete clini-

cal information, we used univariate Cox regression analyses 
to investigate the correlation between the expression of 16 
survival-related DEGs and the OS of ccRCC patients. Sub-
sequently, the correlation between genes and some clini-
cal characteristics, including tumor dimension, histologic 
grade, pathologic M stage, and OS, were investigated by use 

of multivariate analysis. Time-dependent receiver operat-
ing characteristic (ROC) curve analysis for OS was used to 
evaluate the accuracy of the prognostic model. An area un-
der the curve (AUC) of 0.7 or greater was considered to be a 
significant predictive value.

14. Statistical analysis
All statistical analyses were performed using GraphPad 

Prism 8.0 (GraphPad Software, Inc, USA), SPSS Statistics 
23.0 software, and R 3.6.1. The univariate and multivari-
ate Cox hazard analysis of clinical characteristics was per-
formed by using the “Survival” package, and time-dependent 
ROC curve analysis was performed by using the “survival-
ROC” package. All in vitro experiments were performed in 
triplicate or quintuplicate and all data are represented as 
mean±standard deviation. A confidence threshold, p<0.05, 
was used to analyze statistical significance as follows: 
*p<0.05; **p<0.01; ***p<0.001.

RESULTS

1. Comparative bioinformatics analysis of  
differentially expressed genes and proteins in 
clear cell renal cell carcinoma samples
The comparative study of  DEGs and DEPs in ccRCC 

clinical samples was conducted in accordance with the 
scheme shown in Supplementary Fig. 1. The datasets for 
DEGs and DEPs in ccRCC clinical samples were extracted 
from the TCGA and CPTAC databases. Genes from the 
TCGA database were considered up- or downregulated be-

Table 1. Results of the univariate and multivariate Cox regression analyses of overall survival

Gene
Univariate analyses Multivariate analyses

HR 95% CI p-value HR 95% CI p-value
ITGA8 0.566 0.418–0.767 <0.001 0.670 0.469–0.958 0.028
COL4A4 0.561 0.413–0.763 <0.001 0.521 0.362–0.752 <0.001
LGALS1 1.792 1.321–2.432 <0.001 1.031 1.013–1.048 <0.001
UNC13D 1.597 1.182–2.157 0.002
RUNX1 1.459 1.080–1.971 0.013
PODXL 0.540 0.399–0.733 <0.001
THBS3 2.458 1.797–3.362 <0.001 1.431 1.007–2.033 0.046
COL6A1 1.431 1.061–1.929 0.018 1.478 1.043–2.094 0.028
FREM2 0.689 0.510–0.931 0.014
PYCARD 1.730 1.275–2.347 <0.001 1.516 1.059–2.171 0.023
TEK 0.500 0.367–0.680 <0.001
JAK3 1.442 1.068–1.947 0.017
CCDC88B 1.558 1.154–2.102 0.004
ANK3 0.482 0.354–0.658 <0.001 0.522 0.363–0.750 <0.001

HR, hazard ratio; CI, confidence interval.
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tween normal and tumor tissues when their absolute FC 
(tumor/normal) was larger than 2 (|FC|>2) and their p-value 
was less than 0.05. Proteins from the CPTAC datasets were 
considered up- or downregulated when their absolute FC 
was larger than 1.2 (|FC|>1.2) and their p-value was less than 
0.01. These screening criteria resulted in the identification 
of 4,941 genes and 5,349 proteins as DEGs and DEPs, respec-
tively, in ccRCC samples (Fig. 1A, B). The 1,388 overlapping 
DEG/DEPs were identified and are presented as a Venn 
diagram (Fig. 1C), of which 648 and 740 were found to be up- 
or downregulated, respectively (Fig. 1D, E). The complete lists 
of all genes, proteins, and genes/proteins contained in each 
Venn diagram intersection are included in Supplementary 
Table 1.

2. Identification of ECM-related and adhesion-
associated genes
A total of 1,388 overlapping DEGs were used to perform 

functional enrichment analysis including GO and KEGG 
analysis in R 3.6.1. The top 30 enriched functions are shown 
in Fig. 2A-D, including biological processes, cell components, 
and molecular function. The results showed enrichment of 
many genes related to the ECM and adhesion. The circle 
diagram shows the significantly enriched categories, includ-
ing positive regulation of  cell adhesion, ECM structural 
constituents, and ECM-receptor interactions, with their 127 
genes (Fig. 2E). A complete list of the 127 genes is included in 
Supplementary Table 2.

3. Identification of potential prognosis-related 
genes in clear cell renal cell carcinoma
The 127 DEGs linked to the ECM and cell adhesion were 

subjected to OS analysis using paired TCGA clinical datasets. 
The analysis revealed that 16 genes were significantly asso-
ciated with the OS of ccRCC patients (Supplementary Fig. 2). 
The increased expression of 10 of these genes was correlated 
with a higher risk and the remaining 6 with lower risk for 
OS in ccRCC. Subsequently, univariate Cox regression analy-
ses were performed to explore the relationship with gene 
expression by using the Kaplan–Meier survival package in 
R. Those genes with p<0.05 were considered to correspond to 
prognosis-related candidate hubs, and 14 potential hubs were 
selected (Table 1). The clinicopathologic features of the pa-
tients are shown in Table 2. A total of 364 samples, includ-
ing complete clinicopathologic data for all focus features, 
were selected for subsequent analysis. A multivariate Cox 
regression test (a collaborative correlation analysis between 
gene expression and clinical characteristics including tumor 
dimension, histologic grade, pathologic M stage, and OS) was 

applied to the 14 selected hubs that were proposed to iden-
tify more reliable prognostic hubs (Table 1). Next, the prog-
nostic value of a 7-gene prognostic signature was assessed 
by use of time-dependent ROC curve analysis (Table 1). Our 
results revealed that the AUCs of the 1-, 3-, and 5-year OS 
prediction scores for the significant gene THBS3 were 0.759, 
0.699, and 0.715, respectively (Fig. 3K). Thus, our systematic 
analysis indicated that THBS3 is a reliable prognostic gene 
for ccRCC.

4. Association of high THBS3 transcript levels 
with various clinicopathologic features and 
poor prognosis in clear cell renal cell carcinoma
The clinicopathologic features of the patients are shown 

in Table 2. The analyses of the ccRCC datasets in the CP-

Table 2. Clinical and pathologic features of the patients

Characteristic Number of patients
TCGA datasets
    Tissue type
        Normal 72
        Tumor 533
    Pathologic stage
        I 172
        II 32
        III 93
        IV 67
    Pathologic M stage
        M0 300
        M1 64
    Histologic grade
        G1 5
        G2 145
        G3 150
        G4 64
    Tumor dimension
        < 1 201
        ≥1 163
    Sex
        Male 242
        Female 122
    Pathologic N stage
        N0 172
        N1 9
        NX 183
CPTAC datasets
    Tissue type
        Normal 84
        Tumor 110

TCGA, The Cancer Genome Atlas; CPTAC, Clinical Proteomic Tumor 
Analysis Consortium.
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TAC and TCGA showed expression levels of  the THBS3 
protein (Fig. 3A) and gene (Fig. 3B) to be significantly upreg-
ulated in the tumor tissues of ccRCC patients. We also inves-
tigated the gene expression of THBS3 in other cancers. Our 
analyses revealed that THBS3 was not only overexpressed 
in ccRCC tumor samples but also in other cancer samples, 
such as cholangiocarcinoma, pancreatic adenocarcinoma, and 
stomach adenocarcinomas (Supplementary Fig. 3C). Analy-
sis of the TCGA dataset revealed that THBS3 was highly 
expressed in the tissues of patients with advanced tumor 
pathologic stages, distant metastasis, higher tumor histologic 
grades, and large tumor size (Fig. 3C-F). Further, OS was 
significantly worse in the ccRCC patients with high THBS3 
expression than in those with low THBS3 gene expression 
(Supplementary Fig. 2A), similar to the relation observed for 
the PFI (Fig. 3G) and DSS (Fig. 3H). Univariate Cox regres-
sion analysis was performed to select the related variables 
for multivariate Cox analysis (Fig. 3I). The multivariate Cox 

analysis showed that high THBS3 expression was an inde-
pendent prognostic factor for OS (Fig. 3J). Time-dependent 
ROC curve analysis further confirmed the diagnostic value 
of THBS3 expression in ccRCC progression (Fig. 3K).

5. Repression of proliferation and migration upon 
downregulation of THBS3 in clear cell renal cell 
carcinoma cells
To assess the effect of silencing the expression of THBS3 

on the proliferation and migration of ccRCC cells, THBS3 
expression was downregulated in ACHN and 769-P cells 
after transfection with specific siRNAs. This RT-PCR fur-
ther confirmed that mRNA expression was significantly 
downregulated in the siRNA-transfected cells compared 
with the mock-transfected cells (Supplementary Fig. 3A, 
B). Subsequent CCK8 assays with these cells indicated that 
THBS3 knockdown results in significant suppression of cell 
proliferation of ccRCC cells compared with negative control 
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(Fig. 4A, B). Moreover, significantly fewer colonies were 
formed when THBS3 was silenced in ccRCC cells than in 
respective mock-transfected cells (Fig. 4C, D). An EDU assay 
showed that the number of red fluorescent cells indicative 
of  DNA synthesis during proliferation decreased in the 
siTHBS3-1 and siTHBS3-2 groups in ACHN and 769-P cells 
(Fig. 4E, F). Next, the migratory ability of ccRCC cells was 
tested in THBS3 knockdown cells. The results showed that 
knockdown of THBS3 significantly inhibited the migration 
of  769-P cells compared with mock-transfected cells (Fig. 
4G). Furthermore, wound-healing assays demonstrated that 
THBS3 suppression considerably attenuated the migratory 
capacity of ccRCC cells (Fig. 4H). Overall, the above results 
confirm that THBS3 has a critical effect on the proliferation 
and migration of ccRCC cells.

DISCUSSION

Nearly 75% of RCC cases are ccRCC, which is charac-
terized by clear or occasionally eosinophilic granularity of 
the cancer cells. ccRCC is one of the deadliest renal tumors 
worldwide [1,2]. Early screening of ccRCC markers is limited, 
as is the accuracy of these markers. The tumorigenesis of 
ccRCC is known to involve many molecular events, such as 
ECM and adhesion. Scelo et al. [19] found novel pathways 
and genes affected by recurrent mutations and abnormal 
transcriptome patterns, including focal adhesion and com-
ponents of the ECM, by constructing a genomic landscape 
across Europe. Ho et al. [20] have revealed the upregulation 
of ECM genes through differential gene expression profiling 
of matched primary RCCs and metastases. The ECM path-
way has been shown to have an important role in tumor 
progression and is regarded as a therapeutic target in cancer 
[21]. For instance, collagen 1 [22] and PDE7B [23], which are 
involved in ECM pathways, play a key role in the develop-
ment of  metastatic RCC. In addition, ECM-related genes 
have shown promising insights for exploring novel prog-
nostic biomarkers for ccRCC. High-throughput sequencing 
technology has facilitated the detection of promising hubs 
related to the prognosis and treatment of ccRCC. In this 
study, we used TCGA and CPTAC databases to screen for 
genes and proteins related to the ECM and cell adhesion to 
explore novel prognostic biomarkers and therapeutic targets 
of ccRCC. Among the 16 ECM-related genes identified in 
bioinformatics analyses, JAK3 [24], TEK [25], ITGA8 [26], and 
RUNX1 [27] have been reported as markers for predicting 
the prognosis of ccRCC.

In our study, THBS3 emerged as a reliable prognostic 
gene for ccRCC. We demonstrated that the expression of 

THBS3, a gene associated with the ECM and adhesion, is 
significantly upregulated in ccRCC tumors and that elevat-
ed expression of THBS3 is associated with poor clinical out-
comes, such as tumor stage, tumor dimension, tumor metas-
tasis, and survival status of patients. Kaplan–Meier curves 
of OS, PFI, and DSS demonstrated that high THBS3 expres-
sion is remarkably associated with worse survival status in 
patients. The results of univariate and multivariate analysis 
indicated that upregulated THBS3 predicted a higher risk of 
death, and time-dependent ROC curve analyses further con-
firmed its prognostic capability. Thus, our studies suggested 
that THBS3 is sufficient for use as a prognostic biomarker.

Two other studies have proved an elevated level of 
THBS3 in osteosarcoma [16] and chronic myeloid leuke-
mia [28], respectively. In our study, THBS3 was also found 
to be upregulated in many other solid tumors, such as in 
pancreatic adenocarcinoma and stomach adenocarcinomas, 
suggesting that THBS3 might be a critical molecular target 
in human cancers. We also demonstrated that THBS3 ex-
pression is significantly upregulated in ccRCC tumor tissues 
compared with adjacent normal tissues. Moreover, down-
regulation of THBS3 in ACHN and 769-P suppresses their 
malignant phenotype, indicating that THBS3 likely pro-
motes tumor progression in ccRCC. THBS3 is a cell matrix 
protein that functions as an adhesion molecule [11]. In fact, 
there is no coverage of the role of THBS3 in the progression 
of ccRCC. Our study suggests the potential for use of THBS3 
as a therapeutic target.

Our study has a few limitations. The main limitation of 
our findings is that we used public databases, and thus our 
findings need to be validated in prospective clinical trials. 
The functions of THBS3 that impact the development and 
progression of ccRCC need to be further investigated in vivo. 
In summary, our findings suggest that THBS3 could serve 
as a potential prognostic and therapeutic target in ccRCC, 
and further research is needed to explore the relevant mo-
lecular pathways of THBS3 in ccRCC.

CONCLUSIONS

We revealed that THBS3 is upregulated in ccRCC cancer 
tissues. It could be used as a novel prognostic marker for 
ccRCC. Our findings offer theoretical support to study ECM 
and adhesion proteins in ccRCC, which may provide a new 
perspective for the clinical management of ccRCC.
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