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Abstract
Background: Kidney cancer is one of the most common malignancies, of which the most aggressive
subtype was kidney renal clear cell carcinoma (KIRC), accounting for 80% of them. A growing number of
studies point to the involvement of competitive endogenous RNAs in tumor development. However, the
role of ceRNA network involved in KIRC remains unclear. Thus, the aim of this study was to investigate
the BAP1-associated prognostic ceRNA in KIRC.

Methods: We downloaded the RNAseq data from TCGA along with the relevant clinical data. We screened
the differentially expressed lncRNAs, miRNAs, mRNAs according to the expression of BAP1 and
established a ceRNA network.

Results: After comprehensive bioinformatics analysis, we identi�ed the XIST-miR-10a-5p-SERPINE1
ceRNA axis. Next, we con�rmed the prognostic role of miR-10a-5p/SERPINE1 in KIRC using survival
analysis and Cox regression analysis. To investigate the abnormally high expression of SERPINE1, we
performed methylation analysis of SERPINE1 and concluded that the methylation level of SERPINE1 in
KIRC was signi�cantly lower than that in normal tissues. Furthermore, to study the role of SERPINE1 in
the immune microenvironment in KIRC, we performed immune cell in�ltration analysis and found that
SERPINE1 expression was positively correlated with the level of multiple immune cell in�ltration (CD 4+ T
cell, CD 8+ T cell, macrophages, dendritic cells, neutrophils).

Conclusion: We constructed a ceRNA (XIST/has-miR-10a-5p/SERPINE1) that can be used as prognostic
biomarker of KIRC. Furthermore, we found that miR-10a-5p/SERPINE1 were signi�cantly associated with
clinical features and were independent prognostic factors of KIRC.

1. Introduction
Kidney cancer is a common malignancy, with about 430,000 new cases worldwide in 2020, of which
approximately 170,000 will die from the disease [1]. The pathology of kidney renal clear cell carcinoma
(KIRC) is characterized by a "clear cytoplasm" due to its ability to accumulate glycogen and lipids in the
cytoplasm. It accounts for up to 80% of renal cell carcinomas and is also the most aggressive subtype. In
the early stages, there is an asymptomatic phase, and it usually diagnosed inadvertently by imaging. In
the advanced stage of the disease, chemotherapy and immunotherapy bring limited bene�t, treatment
will be tricky [2, 3].

Numerous studies have shown that transcription is present in about 80% of the human genome, while
protein-coding genes account for only 2%, which suggests that the majority of RNAs are non-coding
genes [4]. Increasing evidence indicated that the non-coding transcriptome is often dysregulated in cancer
and plays an important role in determining the pathogenesis of the disease [5, 6]. Long noncoding RNAs
(lncRNA), longer than 200 nt, are non-protein-coding RNAs that have been reported to be involved in the
development of multiple tumors, including in KIRC, and speci�c lncRNAs are involved in tumor migration,
invasion, recurrence, metastasis, and are associated with poor prognosis [7, 8]. MicroRNA (miRNA) is a
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single-stranded non-coding RNA about 19-25nt long, which can bind to the 3' untranslated region of
mRNA and regulate the expression of target genes [9]. Non-coding RNAs (including long non-coding
RNAs, circular RNAs) act as competitive endogenous RNAs (ceRNA) that can competitively bind miRNAs
(a post-transcriptional regulator) to communicate with each other and co-regulation in gene expression
[10–12]. In KIRC, the topic of ceRNA regulation network is a hotpot. For example, Liu et al. had found that
lncRNA SNHG14 could act as a ceRNA, and mediates migration and invasion of renal clear cell
carcinoma by upregulating mRNA N-WASP expression through sponge miR-203 [13]; lncRNA CDKN2B-
AS1/miR-141/cyclin D ceRNA axis involved in regulation the progression and metastasis of renal cell
carcinoma (RCC) [14].

The ubiquitin carboxy-terminal hydrolase BAP1 is a subfamily member of deubiquitinating enzymes, and
serve as a tumor suppressor [15, 16]. An increasing number of studies have reported the presence of
mutated BAP1 in numerous of human malignancies, especially in KIRC, hepatocellular carcinoma,
mesothelioma [17]. The majority of chromosomes have a 3p deletion, which is an initial factor of
nonhereditary KIRC [18]. While the mutated frequency of BAP1, which resides on 3p reached as high as
20% in KIRC [19, 20]. Previous studies have shown a role of BAP1in regulating several pathways, such as
upregulating the expression of enhancer of zeste homolog 2 (EZH2); interaction with O-GlcNAc
transferase (OGT) and host cell factor-1 (HCT-1) [21–23].

However, few studies have reported on the BAP1-related ceRNA network. In this study, we aimed to
construct a BAP1-associated prognostic ceRNA in KIRC by comprehensive bioinformatics analysis.
Finally, we identi�ed the XIST-miR-10a-5p-SERPINE1 as prognostic ceRNA, and further conducted
methylation analysis and immune cell in�ltration analysis of SERPINE1 to investigate the abnormal
upregulation of SERPINE1 expression and the relation with immune microenvironment.

2. Methods And Materials

2.1 Data collection and processing
RNAseq (lncRNA, mRNA and miRNA) and relevant clinical data for kidney renal clear cell carcinoma
(KIRC) were obtained from TCGA database (https://portal.gdc.cancer.gov/), and were sorted into
normalized transcripts per million reads (TPM) format for subsequent analysis.

2.2 Identi�cation of different expressed lncRNAs, miRNAs,
and mRNAs
According to the median expression of BAP1, patients were divided into BAP1high and BAP1low group.
When performing differential expressing analysis, the cutoff value of DElncRNA was set at |log2 FC| > 0.5
and P. adj < 0.05; DEmiRNA with cutoff value of |log2 FC| > 0.7 and P. adj < 0.05, DEmRNA with cutoff
value of |log2 FC| > 0.5 and P. adj < 0.05, respectively.

2.3 Construction of ceRNA networks
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We downloaded the high conserved microRNA family �le from miRcode database (http://mircode.org/),
and based on the obtained DElncRNAs to �nd potentially the miRNAs targeting these DElncRNAs, and
take intersections with our obtained DEmiRNAs. Then, these selected miRNAs were put into miRBD
database (http://mirdb.org/) [24], and Targetscan database (http://www.targetscan.org/vert_72/) [25] to
explore targeting mRNAs and take intersections with obtained DEmRNAs. Finally, the screened
DElncRNAs, DEmiRNAs, and DEmRNAs were put into Cytoscape (version 3.6.1) for ceRNA network, and
plug-in “cytoHubba” was utilized for hub genes network construction [26, 27].

2.4 Functional annotation
To investigate the functional annotation implicated with DEmRNAs, we performed gene ontology (GO)
annotation and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis through the
Metascape website (https://metascape.org/) [28].

2.5 Expression of hub genes and survival analysis
We compared the expression of the hub genes in tumor and normal tissues based on KIRC dataset with
the Wilcoxon rank-sum test (P < 0.05). Overall survival (OS) analysis for the expression of hub genes
between high- and low expression group were performed, and log-rank test P < 0.05 was considering of
statistical signi�cance.

2.6 Clinical relevance of the XIST/has-miR-10a-
5p/SERPINE1 axis in KIRC patients
To explore the clinical relevance of this ceRNAs axis, we evaluated the expression level of XIST, has-miR-
10a-5p and SERPINE1 with different clinical characteristics, and Bonferroni method was used for
correcting the results of multiple hypothesis testing (Dunn's test, P. adj < 0.05). Moreover, univariate and
multivariate Cox regression analysis were conducted to investigated the prognostic signi�cance of
clinical features.

2.7 DNA methylation analysis of SERPINE1
To investigate the DNA methylation level of SERPINE1, we performed co-expression analysis of
SEPRINE1 and three DNA methyltransferases (DNMT1, DNMT3A, DNMT3B). Then, we performed
methylation analysis of SERPINE1 between KIRC and normal tissues through online database
DiseaseMeth version 2.0 (http://bio-bigdata.hrbmu.edu.cn/diseasemeth/). Moreover, we utilized
MEXPRESS (https://mexpress.be/) to further determine the relationship between SERPINE1 expression
and DNA methylation status [29].

2.8 Correlation between immune in�ltration and expression
of SERPINE1 in KIRC
We utilized TIMER (https://cistrome.shinyapps.io/timer/) for comprehensive analysis of the relationship
between the expression of SERPINE1 and tumor-in�ltrating immune cells level, which including
neutrophils, macrophages, and dendritic cells, B cells, CD4 + T cells, and CD8 + T cells [30].
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2.9 Software and versions
R software (x64, version 4.0.3) was used for statistical calculations and graphs (https://www.r-
project.org/).

3. Results

3.1 BAP1 acts as a tumor suppressor in KIRC
A �ow diagram of ceRNA construction and analysis is shown in Figure 1. We conducted a pan-cancer
analysis to evaluate the RNA expression level of BAP1 using data from UCSC XENA
(https://xenabrowser.net/datapages/), and protein expression level through Human Protein Atlas (HPA)
database (https://www.proteinatlas.org/). We found that the RNA expression level of BAP1 was
signi�cantly downregulated in KIRC (Fig. 2A), and interestingly BAP1 protein level was the lowest in renal
cancer (Fig S1). Immunohistochemistry (IHC) staining obtained from HPA also validated the
downregulation of BAP1 in tumor tissue (Fig. 2B).

To investigate the relationship between BAP1 and the prognosis of KIRC, we used Kaplan-Meier survival
curves to compared the survival of high- and low-BAP1 expression group. Our result indicated that low
expression of BAP1 was associated with poor OS in KIRC (Fig. 2C).

Moreover, we utilized cBioPortal (http://www.cbioportal.org/) to explore the potential mechanisms
underlying the abnormally lower expression of BAP1 in KIRC [31]. Figure 2D showed the genetic alteration
rate of BAP1 is 13%. Gene deletions (deep deletion and shallow deletion) account for more than half of
the copy number alterations in KIRC samples (Fig. 2E). In addition, the mRNA expression level of BAP1 is
found to be positively correlated with the copy number value (Fig. 2F). 

As listed above, BAP1 is down-regulated in KIRC, and deletions of copy number may be one of the
potential mechanisms underlying the lower expression level of BAP1 in KIRC. 

3.2 Identi�cation of different expressed lncRNAs, miRNAs,
and mRNAs 
We aimed to construct a prognostic-related ceRNA network based on the expression of BAP1. Therefore,
we performed differentially expressed genes (DEGs) analysis comparing BAP1high and BAP1low group in
KIRC samples. Finally, a total of 3425 DElncRNA, 84 DEmiRNA, and 2753 DEmRNA were screened
according to the cut-off value (Fig. 3). 

3.3 Construction of lncRNA-miRNA-mRNAs networks

https://xenabrowser.net/datapages/
https://www.proteinatlas.org/
http://www.cbioportal.org/
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After taking intersection of the predicted miRNAs with the obtained DEmiRNAs, four miRNAs were
selected. Then, we used miRBD database and Targetscan databases to identify the downstream targeting
mRNAs of the four predicted miRNAs. Similarly, by taking intersections with DEmRNAs, 387 predicted
mRNAs were identi�ed. Finally, 4 lncRNAs, 4 miRNAs, and 387 mRNAs were selected.

Then, we put these genes into Cytoscape (version 3.6.1) for ceRNA network construction (Fig. 4A), and
plug-in “cytoHubba” was utilized for hub genes network construction. Finally, lncRNAs (XIST, HELLPAR,
PURPL), miRNAs (miR-10a-5p, miR-508-3p, miR-135a-5p), and mRNAs (IRS1, SERPINE1, KCAN1, TRIM2,
RORB, SIX4) were identi�ed (Fig. 4B).

We conducted functional enrichment analysis of DEmRNAs to investigate the potential function of these
ceRNA networks through Metascape. The result demonstrated that these DEmRNAs were involved in
mesenchyme development, transmembrane receptor protein tyrosine kinase signaling pathway,
regulation of cell adhesion (Fig. 4C).

3.4 Construction of prognostic-related ceRNA in KIRC
To construct a prognostic-related ceRNA, we �rst analyzed the expression of hub genes comparing tumor
and normal tissue, and the results showed that differences were signi�cant in all hub genes (Fig. 5).
Then, survival analyses were performed to select prognostic-related genes as shown in Figure 6. In total,
two DElncRNAs (XIST, HELLPAR), one DEmiRNA (miR-10a-5p), and four DEmRNAs (SERPINE1, TRIM2,
RORB, SIX4) were found to be prognostic-related genes. 

We utilized lncLocator (www.csbio.sjtu.edu.cn/bioinf/lncLocator/) to determine the subcellular
localization of two DElncRNAs, and found that XIST was mainly distributed in cytoplasm (Fig. 7A), which
indicated that XIST may act as a ceRNA in improving the expression of SERPINE1 through sponge of
miR-10a-5p. Finally, a prognostic-related XIST/miR-10a-5p/SERPINE1 ceRNA network was constructed
(Fig. 7B). In addition, the target sites of XIST and SERPINE1 to miR-10a-5p were predicted by Targetscan
(Fig. 7C). 

3.5 Clinical relevance of the XIST/has-miR-10a-
5p/SERPINE1 axis in KIRC patients
We evaluated the expression level of XIST, has-miR-10a-5p and SERPINE1 with different clinical factors (T
stage, N stage, M stage, pTNM stage, tumor grade, gender, and age) to determine the clinical relevance of
this ceRNA axis. The results showed that the expression of XIST was correlated with tumor grade, and
sex (P < 0.05, Fig. S2A). Lower expression level of has-miR-10a-5p was found to associated with higher T,
M stages, pTNM stages, tumor grade and gender (P < 0.05, Fig. S2B). In addition to age and M stage, the
expression level of SERPINE1 was strongly correlated with T stage, N stage, pTNM stage, tumor grade

http://www.csbio.sjtu.edu.cn/bioinf/lncLocator/
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and gender (P < 0.05, Fig. S2C). These �ndings are generally consistent with the results of survival
analysis.

Moreover, we performed univariate and multivariate Cox regression model analysis and ROC (receiver
operating characteristic curve) analysis to determine the OS-related prognostic signi�cance of this ceRNA
axis. In multivariate Cox regression analysis, SERPINE1 (HR=1.456, P=0.015) and has-miR-10a-5p
(HR=0.681, P=0.014) were found to be independent prognostic factor in KIRC, while XIST was not (Table.
S1-3). The AUC (area under curves) of ROC analysis suggested a good prognostic performance of
SERPINE1 (AUC=0.789) and has-miR-10a-5p (AUC=0.892). These results were showed in Fig. S3. 

In addition, we performed a pan-cancer analysis of SERPINE1 mRNA expression and found that
SERPINE1 was highly expressed in kidney cancer (Fig. S4A). Immunohistochemical analysis revealed
that SERPINE1 was located in the cytoplasmic/membranous and was only detected in the renal tubules
(Fig. S4B).

3.6 DNA methylation analysis of SERPINE1
To elucidate the mechanism of the abnormally high expression of SERPINE1 in KIRC, we performed a
series of methylation analyses of SERPINE1. Firstly, the results of co-expression analysis suggested that
the expression of SERPINE1 was positively correlated with the expression levels of the DNMT1, DNMT3A
and DNMT3B (P < 0.05, Fig. 8A). Secondly, we obtained the same result with DiseaseMeth version 2.0,
that the methylation level of SERPINE1 in normal tissues were much higher than in KIRC (P < 0.001, Fig.
8B). Thirdly, we found that the methylation level of SERPINE1 correlated with OS. Moreover, we also
identi�ed 12 methylation sites on DNA sequences that were negatively correlated with SERPINE1
expression (Fig. 8C).

3.7 Immune in�ltration analysis of SERPINE1 in KIRC
To further investigate the relationship between the expression level of SERPINE1 and the immune
microenvironment in KIRC, we performed an immune in�ltration analysis with TIMER. The “SCNA”
module analysis indicated that the immune in�ltration level of CD 4+ T cell was associated with altered
copy numbers of SERPINE1 (Fig. 9A). Moreover, the “Gene” module analysis showed that the expression
level of SERPINE1 was positively related with immune in�ltration level of CD 4+ T cell, CD 8+ T cell,
macrophages, dendritic cells, neutrophils (Fig. 9B).

Discussion
KIRC is the most common subtype of renal cell carcinoma with a high lethality rate worldwide [1]. Due to
the lack of clinical symptoms in the early stages, the best time for surgical treatment is missed in about
30-50% of cases at the time of diagnosis, and the 5-year survival rate of KIRC is less than 20% when it
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comes to advanced stages [32]. BAP1 is a classical tumor suppressor, involved in several biological
processes such as DNA damage repair, cell cycle regulation, programmed cell death, immune
microenvironment, metabolic regulation [33, 34]. BAP1 is located on the 3p of chromosome, and
mutations are seen in a variety of tumors, especially KIRC. While ceRNAs have been reported to be
associated with recurrence, invasion, and metastasis of a variety of tumors, the BAP1-acossiated ceRNA
network has been little studied. Thus, in this study, we conducted a comprehensive bioinformatics
analysis to explore prognostic ceRNA network in KIRC.

In this study, a BAP1-associated ceRNA network was constructed, which included 4 lncRNAs, 4 miRNAs,
and 387 mRNAs. We then performed a functional analysis of the differentially expressed mRNAs. The
results showed that these DEmRNAs were mainly enriched in mesenchyme development, transmembrane
receptor protein tyrosine kinase signaling pathway, regulation of cell adhesion. Receptor tyrosine kinases
(RTK) are a family of transmembrane receptors where phosphorylation/activation of the receptor
determines the downstream molecule signaling and biological functions [35]. Although many TK-related
genes have been shown to be signi�cantly upregulated in KIRC, the mechanisms of RTK in KIRC
tumorigenesis have not been fully investigated [36]. Chen et al. found that knockdown of BAP1 increased
the expression of TK-related genes; in addition, the expression of BAP1 was closely associated with
epithelial mesenchymal transition (EMT) and cell adhesion [37]. Next, the plug-in "cytoHubba" was used
to build the hub gene network, which including three lncRNAs (XIST, HELLPAR, PURPL), three miRNAs
(miR-10a-5p, miR-508-3p, miR-135a-5p), and six mRNAs (IRS1, SERPINE1, KCAN1, TRIM2, RORB, SIX4).
Furthermore, we performed gene expression analyses and survival analyses of these hub genes. Finally,
two DElncRNA (XIST, HELLPAR), one DEmiRNA (miR-10a-5p), and four DEmRNA (SERPINE1, TRIM2,
RORB, SIX4) were con�rmed to be prognostic-related ceRNAs. Given that the biological processes of
ceRNAs are mainly localized in the cytoplasm, we conducted subcellular localization analyses of these
two lncRNAs. The results showed that lncRNA XIST was mainly distributed in the cytoplasm. Finally, a
prognostic-related XIST/miR-10a-5p/SERPINE1 ceRNA triple regulation axis was con�rmed. 

Previous studies had reported that XIST is highly expressed in several tumors and is involved in the
regulation of tumor cell proliferation, migration and invasion as ceRNA [38-40]. Meanwhile, up-regulated
miR-10a-5p inhibited proliferation of cancer cell, and promoted cell apoptosis [41-43]. Serine protease
inhibitor family E member 1 (SERPINE1), encoding plasminogen activator inhibitor 1 (PAI-1), is up-
regulated in different types of tumors, and is involved in regulating the biological processes of tumor cells
through various pathways like: NF-κB signaling, TGF-β signaling, TNFα signaling, Notch1 Signaling, EMT
[44-48].

In the present study, the expression of XIST and SERPINE1 was signi�cantly higher in KIRC than in
normal tissues. High expression of XIST and SERPINE1 in KIRC was associated with poor prognosis by
survival analysis. In contrast, hsa-miR-10a-5p expression was higher in normal tissues than in KIRC, and
low expression of hsa-miR-10a-5p was associated with poor prognosis. Furthermore, we analyzed the
correlation of XIST/miR-10a-5p/SERPINE1 axis with clinical characteristics, and concluded that the
expression of XIST did not differ in different T stage, N stage, M stage, pTNM stage and age. However,
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the expression of hsa-miR-10a-5p and SERPINE1 were signi�cantly different with in different clinical
characteristics. In addition, we performed a multivariate Cox regression model analysis, and found that
high expression of SERPINE1 was an independent risk factor for poor OS in KIRC; high expression of hsa-
miR-10a-5p was a protective factor for OS. ROC analysis also suggested that hsa-miR-10a-5p and
SERPINE1 had good predictive value in KIRC (AUC>0.75). The above results support the predictive
e�cacy of this ceRNA.

DNA methylation is de�ned as the addition of a methyl group to a cytosine base to form 5-methylcytosine
[49], which serves as regulator in gene expression by recruiting proteins that repress gene expression and
by blocking transcription factors from binding to DNA [50]. DNA methylation is abnormal in all types of
tumors. Decreased overall methylation levels and increased methylation of CpG islands in the promoter
region are important mechanisms of aberrant methylation in tumors [51]. To elucidate the mechanism of
the abnormally high expression of SERPINE1 in KIRC, we performed a series of methylation analyses on
SERPINE1 using online websites. Three DNA methyltransferases (DNMT1, DNMT3A, DNMT3B) are
important for the establishment and maintenance of DNA methylation patterns [52]. Therefore, we used
co-expression analysis to analyze the correlation of SERPINE1 with three DNA methyltransferases
(DNMT), and the results showed that SERPINE1 was positively correlated with the expression of three
DNMTs (P < 0.05). In addition, we found that the methylation level of SERPINE1 in KIRC was signi�cantly
lower than that of normal tissue, which was consistent with the results of co-expression analysis of
DNMTs. Furthermore, we used MEXPRESS to explore the relationship between SERPINE1 expression and
genome-wide methylation, and found that 12 methylation sites were signi�cantly negatively correlated
with SERPINE1 expression. Therefore, we suggest that the abnormal increase in SERPINE1 expression is
associated with SERPINE1 hypomethylation, which may be related to the poor prognosis of KIRC
patients. 

The tumor immune microenvironment determines the biological behavior of tumor cells, and previous
studies have suggested that the level of immune cell in�ltration correlates with prognosis of tumor
patients [53-55]. Different types of immune cell in�ltration have distinct value on predicting the response
to immunotherapy. Inhibitors that target the immune system may respond best to T-cell-in�ltrated tumors
[56]. In the present study, we found that the copy number of SERPINE1 was associated with immune
in�ltration of CD4+ T cells, and that the expression of SERPINE1 was related to the level of immune
in�ltration of CD 4+ T cells, CD 8+ T cells, macrophages, dendritic cells, and neutrophils. These �ndings
suggested that XIST/has-miR-10a-5p/SERPINE1 axis may be involved in the regulation of the immune
microenvironment of KIRC and may be potential targets for immunotherapy.

Although we established the prognosis-related XIST/has-miR-10a-5p/SERPINE1 ceRNA regulatory
network, further experiments are still need to validate the regulation, function, and mechanism of these
ceRNAs.

Conclusions
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In conclusion, we constructed a ceRNA (XIST/has-miR-10a-5p/SERPINE1) that can be used as prognostic
biomarker of KIRC. Furthermore, we found that miR-10a-5p/SERPINE1 were signi�cantly associated with
clinical features and were independent prognostic factors of KIRC, which could help understand the
carcinogenesis of KIRC.
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Figure 1

Flow diagramm of ceRNA construction and analysis.
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Figure 2

BAP1 acts as a tumor suppressor in kidney renal clear cell carcinoma (KIRC). (A) Pan-cancer analysis of
BAP1; (B) Immunohistochemical analysis of BAP1 in renal tumor and normal tissues; (C) Survival
analysis comparing high- and low expression of BAP1; (D) Distribution of BAP1 genomic alterations
inTCGA KIRC; (E, F) Relationship between copy number alterations and BAP1 expression: scatter plot (E),
correlation plot (F).
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Figure 3

Volcano plots and heatmap plots of DElncRNAs, DEmiRNAs, and DEmRNAs between the expression of
BAP1high and BAP1low in KIRC samples. Red color represents up-regulated genes, blue represents down-
regulated genes. (A) 3425 DElncRNAs (|log2 FC| > 0.5 and P. adj < 0.05); (B) 84 DEmiRNAs (|log2 FC| > 0.7
and P. adj < 0.05); (C) 2753 DEmRNAs with cutoff value of |log2 FC| > 0.5 and P. adj < 0.05; (D-F)
Heatmaps of the top 15 signi�cant DElncRNAs, miRNAs and mRNAs.
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Figure 4

Construction of ceRNA networks and functional annotation. (A) A triple regulatory network based on 4
lncRNAs, 4 miRNAs, and 387 mRNAs; (B) Hub genes network was constructed using plug-in “cytoHubba”;
(C) Functional enrichment analysis of DEmRNAs.
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Figure 5

Hub genes expression analysis. Expression analysis of 12 hub genes (3 lncRNAs, 3 miRNAs, 6 mRNAs)
comparing tumor and normal tissues.
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Figure 6

Hub genes survival analysis. Survival analysis of 12 hub genes (3 lncRNAs, 3 miRNAs, 6 mRNAs)
comparing high- and low expression group.
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Figure 7

Construction of ceRNA. (A) XIST was found to be located in cytoplasm through subcellular localization
analysis; (B) Regulation model of XIST/miR-10a-5p/SERPINE1 axis, red indicated up-regulated, blue
indicated down-regulated; (C) Predicted lncRNA-miRNA, miRNA-mRNA binding sites by Targetscan.
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Figure 8

DNA methylation analysis of SERPINE1. (A) Co-expression analysis of SERPINE1 with three DNMTS
(DNMT1, DNMT3A and DNMT3B); (B) Methylation level of SERPINE1 comparing KIRC and normal
samples; (C) Relationship between SERPINE1 expression and genome-wide methylation by MEXPRESS.
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Figure 9

Immune in�ltration analysis of SERPINE1 in KIRC. (A) Relationship between the level of immune cell
in�ltration and the copy number of SERPINE1 in KIRC. (B) Correlation of SERPINE1 expression and
immune cell in�ltration in KIRC. *p < 0.05, **p < 0.01, ***p < 0.001.
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