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Abstract

Background Clear cell renal cell carcinoma(ccRCC) is a frequently occurring malignant tumor of the urinary sys-
tem. Despite extensive research, the regulatory mechanisms underlying the pathogenesis and progression of ccRCC
remain largely unknown.

Methods We downloaded 5 ccRCC expression profiles from the Gene Expression Omnibus (GEO) database and
obtained the list of differentially expressed genes (DEGs). Using String and Cytoscape tools, we determined the hub
genes of ccRCC, and then analyzed their relationship with ccRCC patient survival. Ultimately, we identified SERPINE1
as a prognostic factor in ccRCC. Meanwhile, we confirmed the role of SERPINET in 786-O cells by cell transfection and
in vitro experiments.

Results Our analysis yielded a total of 258 differentially expressed genes, comprising 105 down-regulated genes

and 153 up-regulated genes. Survival analysis of SERPINE1 expression in The Cancer Genome Atlas (TCGA) confirmed
its association with the increase of tumor grade, lymph node metastasis, and tumor stage, as well as with shorter
survival. Furthermore, we found that SERPINE1 expression levels were associated with CD8 +T cells, CD4 +T cells, B
cells, macrophages, neutrophils, and dendritic cells. Cell experiments showed that knockdown SERPINET expression
could inhibit the proliferation, migration and invasion of ccRCC cells. Among the co-expressed genes with the highest
correlation, ITGAS5, SLC2A3, SLC2A14, SHCT, CEBPB, and ADA were overexpressed and associated with shorter overall
survival (OS) in ccRCC.

Conclusions In this study, we identified hub genes that are strongly related to ccRCC, and highlights the potential
utility of overexpressed SERPINE1 and its co-expressed genes could be used as prognostic and diagnostic biomarkers
in ccRCC.
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Introduction

Renal cell carcinoma (RCC) is a malignancy that
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recurrence, leading to ineffective treatment [3, 4]. Cur-
rent clinical guidelines rely on tumor size, stage, and
grade, which lack molecular biomarkers. However, even
patients deemed low risk by these clinical guidelines can
still experience disease progression and tumor recur-
rence [5]. The absence of reliable clinical biomarkers
makes early diagnosis and treatment of ccRCC challeng-
ing, contributing to the high mortality rate of ccRCC
[6-8]. While some studies have identified specific mol-
ecules contribute to the risk stratification of ccRCC, their
clinical application may be too costly and complex [9, 10].
Nevertheless, immune-related genes have been found to
be associated with ccRCC prognosis, offering a potential
complement to the existing staging system [11, 12]. Thus,
further revealing the biomolecular mechanism of ccRCC
and identifying valuable diagnostic and prognostic bio-
markers may improve the treatment of ccRCC patients.

Serpin Family E Member 1 (SERPINE1), also known as
plasminogen activator inhibitor type 1 (PAI-1), is a mem-
ber of the serine proteinase inhibitor (serpin) superfamily
[13, 14]. It is a fibrinolytic inhibitor that involved in sev-
eral human malignancies[15, 16] and is also an important
component of innate antiviral immunity. Previous inves-
tigations have reported that SERPINELI is involved in the
regulatory process of various types of tumors, including
gastric adenocarcinoma [14], glioma [17], bladder cancer
[18], and lung cancer [19]. In gastric cancer, SERPINE1
has been found to regulate the EMT process and promote
tumor progression [14], while in colon cancer, it can reg-
ulate tumor microenvironment and immune cell infiltra-
tion [20]. Furthermore, high expression of SERPINE1 in
lung cancer is associated with poor prognosis [19]. How-
ever, it is still unclear whether SERPINE1 regulates the
development of ccRCC. Microarray and RNA sequencing
technology provide high-throughput genome sequenc-
ing data, and bioinformatics analysis enables efficient
analysis of gene expression [21]. The GEO and TCGA
databases provide valuable information on disease gene
expression, helping to explore key signaling pathways and
important molecular mechanisms of disease [22]. In this
study, we selected 5 microarray data sets from the GEO
database to identify DEGs and ¢ccRCC hub genes. Using
bioinformatics methods, we aimed to explore the rela-
tionship between SERPINE1 and clinical characteristics
of ccRCC patients. Additionally, we performed a series of
in vitro experiments to verify the biological functions of
SERPINEL.

Methods

Screening the differentially expressed genes

We selected a total of 5 GEO databases for further
research, including GSE15641, GSE16441, GSE40435,
GSE53000, and GSE71963 [23-27]. To explore the
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molecular variation in ¢ccRCC occurrence and develop-
ment, all selected datasets included ccRCC tumor tissue
samples and corresponding non-tumor tissue samples.
GSE15641 from the GPL96 Affymetrix Human Genome
U133A Array contains 23 normal and 32 ccRCC samples.
GSE16441 from the GPL6480 Agilent-014850 Whole
Human Genome Microarray contains 17 ¢ccRCC tumors
and 17 corresponding non-tumor samples. GSE40435
from GPL10558 Illumina HumanHT-12 V4.0 expression
beadchip includes 101 pairs of ccRCC tumors and adja-
cent non-tumor renal tissue. GSE53000 from GPL6244
Affymetrix Human Gene 1.0 ST Array includes 56
¢cRCC tumor samples and 6 normal samples. GSE71963
from GPL6480 Agilent-014850 Whole Human Genome
Microarray includes 16 normal kidney tissues and 32
ccRCC tissues. We used the online analysis tool GEO2R
(www.ncbi.nlm.nih.gov/geo/geo2r) to identify differen-
tially expressed genes in ccRCC. Thresholds for analysis
were set as p-value<0.05 and |log fold change (FC)|>1.
Then we obtained a summary of differential genes in dif-
ferent datasets by drawing a Venn diagram. Finally, we
identified 258 DEGs in ccRCC, of which 153 genes were
up-regulated and 105 were down-regulated.

Hub genes analysis

To evaluate the biological functions and signaling path-
ways of the obtained DEGs, we used the Database for
Annotation, Visualization and Integrated Discovery
(DAVID) (https://david.ncifcrf.gov/). The Gene Ontology
(GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) enrichment analyses were performed [28-30].
To examine the correlations between hub gene proteins,
the STRING database (https://cn.string-db.org/) was
used to build a protein—protein interaction (PPI) network
[31]. Cytoscape software (version 3.9.0) was used to vis-
ualize and analyze the PPI network [32]. The Cytoscape
MCODE plug-in was used to identify key modules from
the entire PPI network [33]. Subsequently, the cytoHubba
plug-in was used to screen for possible hub genes from
the identified genes.

To investigate the potential role of hub genes in the
disease progression of ccRCC, gene expression and prog-
nostic correlation analysis were performed. We used
the Kaplan—Meier Plotter online analysis tool (https://
kmplot.com/analysis/) to determine the prognostic asso-
ciation of hub genes with ccRCC [34].

Immune infiltration analysis

The TIMER database (https://cistrome.shinyapps.io/
timer/) was used to explore the association between SER-
PINE1 expression and immune infiltrates in ccRCC [35].
We also employed the cBioPortal (http://www.cbioportal.
org/) and GEPIA (http://gepia.cancer-pku.cn/) web tool
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to calculate the relationships between SERPINE1 and
tumor immune infiltration gene markers [36].

Cell line generation and cell culture.

The 786-O cell line was obtained from the American
Type Culture Collection (ATCC) and cultured in RPMI-
1640 medium supplemented with 1% penicillin/strepto-
mycin and 10% fetal bovine serum. Cells were incubated
at 37 °C in a 5% CO2 incubator.

Cell transfection

To down-regulate the expression of SERPINE1, we
obtained the si-SERPINE1 sequence from GenePharma
Co. Ltd, which was as follows: 5-UGAACUUGUUGG
UCUGAGCTT-3'. The negative control siRNA sequence
(si-NC) was 5-ACGUGACACGUUCGGAGAATT-3'.
The transfection experiment was performed using Lipo-
fectamine 2000 (Thermo Fisher Scientific, Inc.) following
the product instructions meticulously.

Proliferation assay

To investigate the impact of SERPINE1 on tumor cell
proliferation, we conducted a CCK8 assay. 48 h post-
transfection with siRNA, 786-O cells were harvested,
suspended and then seeded on 96-well plates (Corning
Inc, Corning, NY, USA) at a density of 1000 cells/well. At
the time of the assay, CCK-8 reagent was added to each
well according to the instruction. Cell viability was meas-
ured every 24 h by detecting the optical density (OD) val-
ues at the wavelength of 450 nm.

Cell migration and invasion assay

For the cell migration and invasion assays, we used tran-
swell chambers from Corning Inc. The transfected cells
were suspended in serum-free medium and seeded
into the upper chamber at a density of 2 x 10* cells per
well, while 600 ul of complete medium was added to the
lower compartment. After incubating the cells for 24 h
in a cell incubator, we used 4% paraformaldehyde to fix
the invaded cells for 30 min, followed by staining with
0.1% crystal violet for 20 min. Residual cells that did not
migrate were carefully removed. We calculated and pho-
tographed the cells under a microscope. For the cell inva-
sion experiment, the bottom of the transwell chamber
was covered with matrigel glue before cell seeding, and
the remaining steps were the same as those for the cell
migration experiment.

Wound-healing assay

After transfection for 48 h, the 786-O cells were har-
vested and seeded into a 6-well plate at a density of
5 x 10* cells/ml. When the cells reached more than 80%
confluence, a straight wound was created in the center of

Page 3 of 16

each well using a 200 pl pipette tip. The cells were then
washed twice with PBS to remove any floating cells. After
washing, the cells were recorded as 0 h and incubated in
a medium containing 2% FBS for further culture. After
24 h, the cells were observed and photographed under a
microscope to evaluate the degree of wound healing.

SERPINE1 related genes analysis

The cBioPortal website was adopted to select SERPINE1’s
co-expressed genes based on 538 samples from TCGA-
KIRC [37]. UALCAN (http://ualcan.path.uab.edu/) and
Kaplan—-Meier plotter databases were used to further
analyze the expression and prognostic value of SER-
PINELI related genes in ccRCC [38].

Statistical analysis

The statistical analyses for this study were conducted
using SPSS 22.0 (SPSS, Inc.), R (version 4.0.2), and Graph-
Pad Prism (version 8.0) software. For survival analysis,
patients were divided based on the median value of gene
expression. ROC curves were generated using the pROC
package to evaluate the diagnostic value of these genes.
The unpaired Student’s t-test was employed to compare
the results of the two groups. Chi-square test was used
to compare clinical information between groups. Spear-
man’s correlation analysis was used to detect correlations
between genes. All experiments were performed in tripli-
cate and presented as mean + standard deviation (SD). A
p<0.05 was considered statistically significant.

Results

Identification of DEGs in ccRCC

We analyzed 5 ccRCC GEO profile datasets and identi-
fied a total of 258 DEGs, with 153 genes highly expressed
in tumor tissues and 105 genes with low expression
(Fig. 1A). The volcano maps illustrate the differential
expression of genes in each dataset (Fig. 1B—F). To fur-
ther understand the biological processes associated with
these DEGs, the DAVID database was used to annotate
these robust DEGs, and performed GO and KEGG anal-
yses. In the BP portion of GO analysis, the DEGs were
mainly enriched in the ‘Oxidation-reduction process’
and ‘Response to drug’ (Fig. 2A). In the CC portion of
the analysis, the DEGs were primarily concentrated in
the ‘Plasma membrane’ and ‘Plasma membrane’(Fig. 2B).
The main molecular function performed by DEGs
was'Protein binding’(Fig. 2C). Through KEGG analysis,
we learned that the DEGs were mainly involved in ‘PI3K-
Akt signaling pathway, ‘Focal adhesion, and ‘Biosynthe-
sis of antibiotics’ (Fig. 2D). These results suggest that
these DEGs play a crucial role in the disease progression
of ccRCC and are closely related to the onset and recur-
rence of the tumor.
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Fig. 1 Differentially expressed genes in ccRCC. A Venn diagram of differentially expressed genes in different datasets. B GSE15641 data, C GSE16441
data, D GSE40435 data, E GSE53000 data, and F GSE71963 data. The red and blue dots represent up-regulated and down-regulated genes. The
threshold for |logFC|> 1 and p < 0.05. Black points represent genes with no significant difference. FC: fold change; GEO: Gene Expression Omnibus;
DEGs; differentially expressed genes

Hub genes selection and analysis

The Cytoscape software was used to construct a PPI net-
work of DEGs (Fig. 3A). Subsequently, CytoHubba plug-
in of Cytoscape software was used to identify hub genes
of ccRCC according to the MCC and EPC algorithms
(Fig. 3B, C). The overlapped hub genes in the results of
the two methods included VEGFA, EGE, TIMP1, MMP9,
VWE, and SERPINEI1(Fig. 3D). Then, we utilized the
MCODE plug-in to identify the most significant module
from the entire PPI network. The resulting significant
module consisted of 25 nodes and 137 edges (Table 1).
The expression levels and prognostic value of these 6 hub
genes was studied. The expression levels of MMP9, VWFE,
VEGFA, SERPINEL], and TIMP1 in ccRCC tissues were

log2(logFC)

log2(logFC)

higher than those in normal tissues, while the expres-
sion of EGF in tumor tissues was lower (Fig. 4A). Fur-
thermore, higher expression of MMP9, SERPINEI, and
TIMP1 suggested shorter OS in ccRCC patients, while
higher expression of VWF suggested longer OS in ccRCC
patients (p <0.05) (Fig. 4B).

Metabolic reprogramming is a complex process that
involves various metabolic pathways such as aerobic
glycolysis, fatty acid metabolism, and the utilization of
tryptophan, glutamine, and arginine [39]. Enrichment
analysis of the DEGs also suggested that tumor meta-
bolic reprogramming plays an important role in ccRCC.
Among the above three genes, we focused on SERPINE1
due to its reported association with tumor metabolism
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Fig. 2 DEGs functional enrichment analysis. A Biological processes, B Cellular components, and C Molecular functions. D Kyoto Encyclopedia of
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[40]. However, the specific mechanism of how SERPINE1
regulating the progression of ccRCC is still not well
studied.

Correlation between SERPINE1 expression and ccRCC
progression.

To further explore the role of SERPINE1 in ccRCC pro-
gression, the relationship between SERPINE1 expression
and other clinicopathological parameters of ccRCC were
studied. The expression of SERPINE1 increased gradually
with the increase of tumor grade, lymph node metastasis,
and tumor stage (Fig. 5A—C). Further analysis of TCGA-
KIRC data revealed that the expression level of SER-
PINE1 was significantly associated with patients’ gender,
T stage, N stage, pathologic stage, and histological grade
(Table 2).

Relationship between SERPINE1 and immune
characteristics

In recent years, immune checkpoint inhibitors have been
considered effective against a wide range of tumors, and
research on tumor immune checkpoints has provided
many important targets for tumor immunotherapy [41].
To explore the significance of SERPINE1 in tumor immu-
notherapy, we investigated the relationship between
SERPINE1 expression and more than 40 key immune-
related genes. Interestingly, in ccRCC, SERPINE1 expres-
sion levels were significantly correlated with 20 of our
selected immune checkpoint marker genes, including
CD86, TNFRSF14, TNFRSF18, and CD80 (Fig. 6A).
Therefore, these results show that the SERPINE1 gene

may play an important role in tumor immunity. Accord-
ing to the TIMER database, we found that SERPINEL1 in
ccRCC affected tumor-infiltrating immune cells. We first
analyzed the correlation between SERPINE1 expression
and tumor-infiltrating immune cells, which suggested
that the SERPINE1 was significantly correlated with the
immune infiltration of ccRCC (Fig. 6B-F). As shown
in Fig. 6B, the expression of SERPINE1 was negatively
correlated with B cells (R= —0.214, p=3.65e — 06). In
addition, the expression of SERPINE1 was significantly
positively correlated with various immune cell infil-
trates, including CD4+ T cells (R=0.094, p =4.37e — 02),
CD8+T cells (R=0.127, p=6.15e —03), myeloid den-
dritic cells (R=0.151, p=1.18e —03), and macrophages
(R=0.207, p="7.51e — 6). The table shows the correlation
between SERPINE1 and immune cell-related markers on
the cBioPortal website (Table 3). Therefore, SERPINE1
may play an important role in regulating the immune cell
infiltration in ccRCC.

Analysis of SERPINE1 related genes in ccRCC

We conducted an analysis of TCGA-KIRC data stored
in the cBioPortal database to identify genes associ-
ated with SERPINE1 expression in ccRCC. From this
analysis, we selected the 10 genes that were most
highly associated with SERPINE1 expression, namely
ITGA5, SLC2A3, ELL2, ABL2, MT2A, SLC2Al4,
XIRP1, SHC1, CEBPB, and ADA (Table 4). Of these
genes, ITGA5 exhibited the highest correlation with
SERPINE1 expression, with a Pearson’s Correlation
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R=0.69 and Spearman’s Correlation R=0.66. Further-  biomarkers involved in tumor occurrence and progres-
more, we analyzed the biological functions of these sion. To investigate their expression and prognostic
co-expressed genes and found that they may serve as  value in ccRCC and normal renal tissues, we explored
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Table 1 Significant modules from the whole PPI network

Module Score Nodes Edges Node IDs

1 11.417 25 137 PGF, LAPTMS5, TYROBP, RAC2,
CD53, VWF, PLG, FGFRT,
CYBB, ARHGDIB, JAK2, EGF,
HRG, SERPINET, HMOX1,
EDN1, CORO1A, PLEK,
CXCR4, TIMP1, ANGPT2,
FGF1,ITGB2, CD48, ILT0RA

2 6.462 14 42 ANGPTL4, PPARGC1A, ENO2,
HK2, FBP1, PFKP, GK, PCK2,
PYGL, ALDOC, HMGCS2, SCD,
PCK1, HADH

3 6 1 30 CP, LOX, STC2, LGALST,
CCND1, CDK3, MMP9, DCN,
ESRT, CAV1, CA9

4 5.778 10 26 SLCT2A3, CLCNKA, NPHS2,
UMOD, SCNN1G, KCNJT,
SCNNTA, SLC34A1, CLCNKB,
WNK1

5 5 13 30 VCAN, TGFBI, C3, CCL20,
P4HAT, COL1AT, COL4A1,
IGFBP3, PTGER3, ITGAS,
COL5A2, ACKR3, PLOD2

6 4.8 6 12 GBP2, TAP1, PSMB9, HLA-F,
FCGR1B, HLA-B
7 3714 8 13 PCLAF, TYMS, TOP2A,

SLCTA3, NUSAPT, PVALB,
CALBT1, FABP7

8 3 3 3 CAVIN3, EHD2, CAV2
9 3 3 3 SLCO2B1, ABCC3, SLC22A6
10 3 3 3 GABARAPL1, ANK3, ANK2
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Fig. 4 Expression and prognosis analysis of hub genes in ccRCC. A Expression of hub genes. B Relationship between hub genes expression levels
and ccRCC OS. ***p < 0.001. OS, overall survival
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the expression and survival data in the UALCAN and
Kaplan—Meier plotter databases. The results showed
that 9 of the 10 co-expressed genes, including ITGAS5,
SLC2A3, ELL2, ABL2, SLC2A14, XIRP1, SHC1, CEBPB,
and ADA, were significantly upregulated in ccRCC tis-
sues (Fig. 7A-J). In addition, the expression levels of
6 out of the 10 co-expressed genes were significantly

Table 2 Clinical information of patients with clear cell renal cell
carcinoma in the TCGA

Characteristics Low High p-value
expression of  expression of
SERPINE1 SERPINE1
n 270 271
Age, n (%) 0.111605111
< =60 125 (23.1%) 144 (26.6%)
>60 145 (26.8%) 127 (23.5%)
Gender, n (%) 8.16029E-06
Female 118 (21.8%) 69 (12.8%)
Male 152 (28.1%) 202 (37.3%)
Pathologic T stage, 0.009964032
n (%)
T1&T2 189 (34.9%) 161 (29.8%)
T3&T4 81 (15%) 110 (20.3%)
Pathologic N stage, 0.018326564
n (%)
NO 134 (51.9%) 108 (41.9%)
N1 4 (1.6%) 12 (4.7%)
Pathologic M stage, 0.24744979
n (%)
MO 215 (42.3%) 214 (42.1%)
M1 34 (6.7%) 45 (8.9%)
Pathologic stage, n (%) 0.015713843
Stage I&Stage Il 179 (33.3%) 153 (28.4%)
Stage IlI&Stage IV 89 (16.5%) 117 (21.7%)
Histologic grade, n (%) 0.008439461
G1&G2 139 (26.1%) 111 (20.8%)
G38&G4 125 (23.5%) 158 (29.6%)

correlated with disease OS, including ITGA5, SLC2A3,
MT?2A, SHC1, CEBPB, and ADA (Fig. 8A-]).

To evaluate the diagnostic value of SERPINE1 and its
co-expressed genes in ccRCC, we conducted receiver
operating characteristic (ROC) curve analysis on the
gene expression data downloaded from TCGA. The
results demonstrated that SERPINE1 expression had
high diagnostic value in ccRCC with an area under the
curve (AUC) of 0.789 (Fig. 9). Moreover, the expression
levels of SERPINE1 co-expressed genes also showed
high diagnostic significance with ITGA5(AUC =0.925),
SLC2A3(AUC = 0.887), ELL2(AUC = 0.705),
ABL2(AUC = 0.834), MT2A(AUC = 0.556),
SLC2A14(AUC = 0.827), XIRP1(AUC = 0.701),
SHC1(AUC = 0.925), CEBPB(AUC = 0.817), and
ADA(AUC=0.941). In summary, nearly all of the
related genes (9 out of 10) exhibited promising diag-
nostic potential.

Knockdown of SERPINE1 influenced ccRCC cell
proliferation, migration, and invasion

After transfecting 786-O cells with si-RNA transfection
for 72 h, cell proteins were extracted for a Western Blot
experiment to detect the expression level of SERPINE1
protein. The results indicated that SERPINE1 expression
level in the si-RNA transfected 786-O cells was signifi-
cantly lower than that in the si-NC group (Fig. 10A). In
this study, CCK8 assay was used to evaluate the effect of
knockdown SERPINE1 expression on the proliferation
of 786-O cells. The results showed that the prolifera-
tion ability of 786-O cells decreased with the decrease of
SERPINElexpression (p<0.001, Fig. 10B). These results
suggest that low SERPINE1 expression can inhibit the
proliferation of ccRCC cells. To explore the effect of SER-
PINE1 expression on the migration and invasion abil-
ity of ccRCC cells, a transwell experiment was designed
and implemented. The results suggested that the migra-
tion and invasion of 786-O cells were significantly
reduced after SERPINE1 expression was down-regulated
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cells, CD4 +T cells, CD8 4T cells, dendritic cells, and macrophages in ccRCC (TIMER)

(Fig. 10C). In addition, cell scratch assay results showed
that downregulation of SERPINE1 reduced the wound
healing ability of 786-O cells (Fig. 10D). Overall, our
in vitro experiments indicated that the high expression
of SERPINE1 in ccRCC was associated with the develop-
ment and metastasis of ccRCC.

Discussion

In this study, we identified hub genes in ccRCC that
have potential as biomarkers through data mining of the
GEO database. We then analyzed the expression level

and prognostic value of these hub genes in ccRCC tis-
sues based on the TCGA database. Our results showed
that three genes (MMP9, SERPINE1, and TIMP1) were
overexpressed in ccRCC, and high expression of these
genes suggested poor prognosis. TIMP1 has been shown
to be involved in the EMT process of ccRCC and can
enhance tumor cells metastasis [42]. MMP9 can regu-
late the immune infiltration in ¢ccRCC and affect tumor
progression [43]. Studies have shown that SERPINEL is
involved in glucose and lipid metabolism [40, 44], which
may be associated with the metabolic reprogramming of
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Table 3 Correlation analysis between SERPINET and biomarkers
of immune cells in ccRCC determined by GEPIA database

Immune cell Biomarker Spearman’s Correlation p-value

B cell CD19 0.259592948 1.13E-09
CD79A 0.224938142 1.49E-07

CD8+T cell CD8A 0.110395509 0.010683103
[@DL:] 0.07150304 0.098827444

CD4+Tcell CD4 0.247484445 6.79E-09

M1 macrophage NOS2 0.038746875 0.371526712
IRF5 —0.100882922 0.019714615
PTGS2 0.335569557 1.61E-15

M2 macrophage CD163 0446177803 1.74E-27
VSIG4 0.294943278 3.53E-12
MS4A4A 0.347265227 1.40E-16

Neutrophil CEACAMS8 —0.022888648 0597672419
[TGAM 0.116464119 0.007056392
CCR7 0.309636063 2.50E-13

Dendritic cell HLA-DPB1 0.091357962 0.034805998
HLA-DQB1 0.053522596 0.216900999
HLA-DRA 0.108000281 0.012518625
HLA-DPA1 0.08194073 0.05845524
CD1C 0.01007617 0.816301262
NRP1 0.256830988 1.72E-09
[TGAX 0.145059254 0.000773698

Monocyte CSF1R 0.180369596 2.7562E-05
CD86 0.213463917 6.40E-07

Treg FOXP3 0.302728148 8.83E-13
CCR8 0.222884005 1.95E-07
TGFB1 0478831915 5.89E-32

ccRCC. After combining clinical data downloaded from
TCGA, we found that SERPINE1 expression was closely
correlated with clinical indicators such as cancer stage
and survival. Importantly, our further analysis revealed
that SERPINE1 expression was associated with several

Table 4 Co-expression genes of SERPINET in ccRCC by cBioPortal
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immune biomarkers, indicating that SERPINE1 may
have therapeutic value as a target of immunotherapy for
ccRCC.

SERPINEL is known to inhibit tissue plasminogen
activator (tPA) and urokinase-type plasminogen activa-
tor (PLAU) [16]. As a PLAU inhibitor, it can participate
in the regulation of cell adhesion and spreading regu-
latory process [45]. Although the exact role of of SER-
PINEL in disease and its association with the disease
are not fully understood, researchers have shown that
growth factors, cytokines, and hormones can regulate
its expression [46]. Higgins [47] studied the expression
of SERPINEL1 in squamous cell carcinoma and found
that TGF-P1 induces the high expression of SERPINE1
at the early stage of the tumor, with such high expres-
sion distributed on the invasive front of the tumor.
Other findings have suggested interactions between
SERPINE1 and the EGFR/MEK/Rho-ROCK signaling
pathway [48]. Additionally, studies have shown that
high SERPINE1 expression can help cells resist pro-
grammed cell death and regulate cell survival by acti-
vating Akt and ERK signaling pathways or inhibiting
Fas/FasL-dependent apoptosis [49, 50]. Despite these
findings, the specific mechanism by which SERPINE1
regulates tumor remains unknown. In this study, we
used si-RNA transfection to knockdown the expres-
sion of SERPINE1 in the ccRCC cell line 786-0, and we
found that inhibition of SERPINE1 expression reduced
the proliferation, migration, and invasion of ccRCC
cells. In addition, we explored genes co-expressed with
SERPINELI in ccRCC to provide a basis for explaining
the regulation ability of SERPINE1 in ccRCC.

Through co-expression analysis using the cBioPor-
tal database, we identified a set of co-expressed genes
with SERPINE1 in ccRCC. These co-expressed genes
were found to be involved in transmembrane trans-
porter activity, epidermal growth factor receptor

Correlated Gene Cytoband Pearson’s Correlation  Spearman’s Correlation p-Value g-Value
[TGAS 12913.13 0.69 0.656793004 3.19E-67 6.39E-63
SLC2A3 12p13.31 0.62 0.605776476 8.61E-55 8.62E-51
ELL2 5915 0.62 0.604081202 2.04E-54 1.36E-50
ABL2 1925.2 0.58 0.601120857 9.10E-54 4.56E-50
MT2A 16g13 0.62 0.592322331 7.07E-52 2.83E-48
SLC2A14 12p13.31 0.53 0.591607955 1.00E-51 3.34E-48
XIRP1 3p22.2 052 0.580586879 1.91E-49 547E-46
SHC1 1021.3 06 0.577511698 8.00E-49 2.00E-45
CEBPB 20g13.13 0.58 0.569524321 3.06E-47 6.82E-44
ADA 20q13.12 0.59 0.567509726 7.56E-47 1.51E-43
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Fig. 7 Expression of SERPINE1-related genes in ccRCC. A-J The expression levels of ITGAS5, SLC3A3, ELL2, ABL2, MT2A, SLC2A14, XIRP1, SHCT, CEBPB,
and ADA in ccRCC (ULCAN). ***p < 0.001

binding, and other pathways. Interestingly, 9 out of 10 co-expressed genes were significantly correlated
the 10 co-expressed genes, including ITGA5, SLC2A3, with disease OS, including ITGA5, SLC2A3, MT2A,
ELL2, ABL2, SLC2A14, XIRP1, SHC1, CEBPB, and SHC1, CEBPB, and ADA. Previous studies have dem-
ADA, were significantly upregulated in ccRCC tis- onstrated that these co-expressed genes play impor-
sues. Additionally, the expression levels of 6 out of the  tant roles in the regulation of a variety of tumors.
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Fig. 9 The diagnostic value of SERPINE1-related genes. ROC, receiver oper

For example, ITGA5 has been shown to ptomote the
occurrence and development of colorectal cancer [51],
SLC2A3 can promote macrophage infiltration by gly-
colysis reprogramming in gastric cancer [52]. Zhao
et al. [53] study showed that MT2A promotes oxalipl-
atin resistance in colorectal cancer cells, SHC1 is a key
driver of breast cancer initiation [54], CEBPB can reg-
ulate stemness and chemo-resistance of gastric can-
cer [55], and ADA tends to have a positive association
with breast cancer [56]. Based on these findings, we
believe that SERPINEI and its co-expressed genes are
widely involved in the occurrence and development of
ccRCC, and may have high diagnostic and therapeutic
value. However, further in vivo and in vitro studies are
necessary to support these hypotheses and develop

them as potential diagnostic and therapeutic targets
for ccRCC.

1-Specificity (FPR)
ating characteristic curve. AUC, area under the curve

There are still some limitations in this study. Firstly,
clinical samples of ccRCC were not available, and thus,
tissue-level expression of SERPINE1 could not be eval-
uated. Secondly, although some findings were validated
by in vitro experiments, further experiments are nec-
essary to strengthen the results. Thirdly, the roles of
SERPINE1 co-expressed genes in ccRCC have not been
experimentally confirmed. This needs to be explored
and demonstrated in future studies (Additional file 1).

Conclusion

In conclusion, this study has demonstrated the high
expression of SERPINEL in ccRCC and its correlation
with various clinicopathological features, indicating the

potential diagnostic and therapeutic value of SERPINE1
in ccRCC.
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