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Background: Renal cell carcinoma (RCC) is one of the most prevalent malignant tumors of the urinary
system. Hypertension can cause hypertensive nephropathy (HN). Meanwhile, Hypertension is considered
to be related to kidney cancer. We analyzed co-expressed genes to find out the relationship between
hypertension and RCC and show possible biomarkers and novel therapeutic targets of hypertension-related
RCC.

Methods: We identified the differentially expressed genes (DEGs) of HN and RCC through analyzing
Gene Expression Omnibus (GEO) datasets GSE99339, GSE99325, GSE53757 and GSE15641 by means of
bioinformatics analysis, respectively. Then we evaluated these genes with protein-protein interaction (PPI)
networks, Gene Ontology (GO) analysis, Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway
analysis and CTD database. Subsequently, we verified co-expressed DEGs with Gene Expression Profiling
Interactive Analysis (GEPIA) database. Finally, corresponding predicted miRNAs of co-expressed DEGs
were identified and verified via mirDIP database and Starbase, respectively.

Results: We identified 9 co-expressed DEGs, including BCAT1, CORO1A4, CRIP1, ESRRG, FN1, LYZ,
PYCARD, SAP30, and PTRF. CRIPI and ESRRG and their corresponding predicted miRNAs, especially hsa-
miR-221-5p, hsa-miR-205-5p, hsa-miR-152-3p and hsa-miR-137 may be notably related to hypertension-
related RCC.

Conclusions: CRIPI and ESRRG genes have great potential to become novel biomarkers and therapeutic

targets concerning hypertension-related RCC.

Keywords: Biomarkers; computational biology; hypertension; renal cell carcinoma (RCC)

Submitted Mar 25, 2020. Accepted for publication Sep 25, 2020.
doi: 10.21037/tau-20-817
View this article at: http://dx.doi.org/10.21037/tau-20-817

Introduction cancer statistics 2020, in 2020 about 73,750 (4.1%) newly
diagnosed kidney cancer cases are expected and around

14,830 (2.4%) will die of this cancer (3). In China, the

Renal cell carcinoma (RCC) is a common subtype of
malignant tumor in the urinary system. Its incidence rate

was 11.281 per 100,000 person-years. The incidence of
RCC in men is higher than that in women (1). Around
the world, the incidence of RCC is higher in developed
countries than in developing countries (2). According to
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incidence of RCC is the second highest in malignant
tumors of the urinary system. Its incidence and mortality
vary greatly from region to region and are higher in cities
than in rural areas (4). Clear cell renal cell carcinoma
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(ccRCC) is the most important type in RCC. According to
the statistics, it accounts for around 80-90% of RCC (5).
Although the early detection of RCC has been improved
in recent years, more than one third of patients have
local advanced tumor or metastatic disease at the time
of diagnosis (6). The treatment remains a challenge and
reliable biomarkers are essential to prevent metastasis and
improve the quality of patients’ life (7). Although some
possible biomarkers have been found such as Ki-67, p53,
VEGTH, there is currently no reliable biomarker for RCC
prediction (8). RCCs are usually resistant to conventional
chemotherapy and almost all chemotherapeutic agents are
ineffective against metastatic RCC (9). The use of targeted
therapy is contributed to surgery in patients with locally
advanced or metastatic RCC. Although some therapeutic
targets have been applied, such as VEGFR and HIF-10, our
exploration of therapeutic targets is far from enough (7).
Hypertension is a widespread chronic disease with an
increased incidence worldwide (10). Hypertension is an
important risk factor for kidney cancer (11). Hypertensive
nephropathy (HN) is one of the main complications of
hypertension. Over the past few years, the relationship
between hypertension and the risk of kidney cancer have
been explored by many prospective studies (12-14). In the
VITAL study, hypertension was independently associated
with RCC risk (HR 1.70; 95% CI, 1.30-2.22) (15).
A meta-analysis of prospective studies shows a strong
positive correlation between hypertension and kidney
cancer. A history of hypertension was associated with 67%
increased risk of RCC. Considering heterogeneity and
publication bias, each 10 mmHg increase in blood pressure
was associated with 10-22% increased risk of RCC (16).
However, the molecular mechanism of the relationship
between kidney cancer and hypertension is not clear. For
these reasons, the identification of key molecular involved
in hypertension-related kidney cancer is urgent and highly
demanded to improve the clinical outcome. In our research,
HN-related DEGs (HN-DEGs) and RCC-related DEGs
(RCC-DEGs) were identified by bioinformatic analysis.
Then co-expressed DEGs (co-DEGs) of HN and RCC
were found. Furthermore, further analysis and verification
of DEGs and predicted targeted miRNAs were conducted
for HN patients inclined to RCC to find possible molecular
mechanisms. We present the following article in accordance
with the MDAR reporting checklist (available at http://
dx.doi.org/10.21037/tau-20-817).
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Methods
Gene expression profiles data

We downloaded GSE99339, GSE99325, GSE53757 and
GSE15641 datasets from GEO (http://www.ncbi.nlm.nih.
gov/geo/). The expression profiling arrays of GSE99339
were generated applying GPL19109 [HG-U133_Plus_2]
Affymetrix Human Genome U133 Plus 2.0 Array [CDEF:
Brainarray HGU133Plus2_Hs_ENTREZG_v18],
including 15 Hypertensive Nephropathy specimens and 14
Tumor Nephrectomy specimens. The expression profiling
arrays of GSE99325 were generated using GPL19184
[HG-U133A] Affymetrix Human Genome U133A Array
[Custom Brainarray v18 ENTREZG CDF], including 20
Hypertensive Nephropathy specimens and 4 Cadaveric
Donor specimens. Next, we used GPL570 [HG-U133_
Plus_2] Affymetrix Human Genome U133 Plus 2.0 Array
to generate the expression profiling arrays of GSE53757,
including 72 ¢ccRCC specimens and 72 normal specimens.
Moreover, we also used GPL96 [HG-U133A] Affymetrix
Human Genome U133A Array to generate the expression
profiling arrays of GSE15641, including 49 RCC tissues
and 23 normal tissues. We used the two gene expression
profiles of GSE99339 and GSE99325 to filter differentially
expressed genes (DEGs) of HN. Similarly, the two gene
expression profiles of GSE53757 and GSE15641 were
applied to filter DEGs of RCC. All procedures performed
in this study were in accordance with the ethical standards
of the institutional and/or national research committee and
with the Helsinki Declaration (as revised in 2013).

Data processing

We used R packages of “affy”, “affyPLM”, and “limma”
(http://www.bioconductor.org/packages/release/bioc/html/
affy.html) to assess GSE99339, GSE99325, GSE53757
and GSE15641 RAW datasets. Background correction,
probe summarization, quantile normalization, and log,-
transformation were used to generate a robust multi-array
average (RMA), a log-transformed mismatch, and perfect
match probe methods. We applied the Benjamini-Hochberg
method to adjust original P values and the false discovery
rate (FDR) procedure to calculate fold-changes (FC). We
used Genes expression values of the llog, FCI >1.5 or <0.667
and adjusted P<0.05 to screen HN-DEGs. Moreover, we
used the llog, FCI >2 or <0.5 and adjusted P<0.05 to filter
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RCC-DEGs. Furthermore, volcano plots and Venn diagrams
were made for co-DEGs of HN- and RCC-DEGs.

Analysis of protein-protein interaction (PPI) networks

We used the search tool for the retrieval of interacting
genes (STRING) database (V11; http://string-db.org/) to
analyze PPI networks of HN- and RCC-DEGs. Analytic
data of the STRING database were downloaded with a
combined score >0.4. Then we applied Cytoscape software
(V3.5.1; http://cytoscape.org/) to analyze and visualize node
degrees and biological networks.

Functional enrichment analysis

We conducted Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway
enrichment analysis of HN- and RCC-DEGs with the
database for annotation, visualization and integrated
discovery (DAVID) bioinformatics resources (http://david.
abce.nciferf.gov/).We identified the significantly enriched
GO terms and KEGG pathway maps related to biofunctions
based on a P<0.05. Furthermore, we identified enriched
functions of HN- and RCC-DEGs in molecular functions,
biological processes, and cellular components, respectively.
Afterward, we used the AmiGO database (v2.0; http://
amigo.geneontology.org/amigo/) to analyze the GO
consortium of chosen co-DEGs in order to check the
annotate and accuracy biofunctions of confirmed co-

DEGs.

Identification of co-DEGs related to bypertension or renal
cancer

We used the comparative toxicogenomics database (CTD,
http://ctdbase.org/) to describe chemical-gene/protein
interactions and chemical-disease and gene-disease
relationships in order to know their associations. These data
were used to identify the genes related to hypertension or
renal cancer and scored genes indirectly through the CTD.

Co-DEGs validation

We used the Gene Expression Profiling Interactive Analysis
(GEPIA) database (http://gepia.cancer-pku.cn/) to verify
the differential expression of these genes in ccRCC. Overall
survival curve was used to analyze survival differences.
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Functional and patbway envichment related to predicted
miRNAs and Co-DEGs and validation of predicted miRNAs

We applied microRNA Data Integration Portal (mirDIP)
(http://ophid.utoronto.ca/mirDIP) to predict miRNAs
that may be regulated by 9 genes. Five top candidate
miRNAs were determined according to predicted scores
for each Co-DEG. We used Diana-miRPath (v3.0; http://
www.microrna.gr/miRPathv3) to conduct GO terms and
pathway enrichment analysis of these predicted miRINAs.
Subsequently, the online tool Starbase (http://starbase.
sysu.edu.cn/) was used to identify the relationship between
predicted miRNAs and corresponding genes.

Statistical analysis

Data of DEGs were analyzed using R 4.0.0. Student’s
t-test was performed for comparisons between two groups,
whereas ANOVA was performed for repeated measures.
The i’ test was used to analyze the statistical significance of
GO and pathway. Differences with P<0.05 were considered
statistically significant.

Data of Co-DEGs validation were based on GEPIA. We
chose the dataset of KIRC. One-way ANOVA was used for
differential analysis. The expression data were log,(TPM+1)
transformed for differential analysis and the log,FC was
defined as median (Tumor) — median (Normal). The
screening criterion was P value <0.05. In survival analysis,
we used Log-rank test for hypothesis test (P<0.05). We
calculated the hazards ratio (HR) based on Cox PH Mode
and added the 95% CI as dotted line.

We used Pearson correlation analysis to identify the
relationship between predicted miRINAs and Corresponding
genes based on Starbase. The expression data of ccRCC were
from TCGA. P<0.01 was considered statistically significant.

Results
Identification of DEGs

21,592 probes in GSE99339 and GSE99325 datasets and
76,937 probes in GSE53757 and GSE15641 were identified.
Then we confirmed HN- and RCC-DEGs. In GSE99325,
we identified 1,147 DEGs in HN tissue specimens compared
with normal tissue specimens, including 585 upregulated
genes and 144 downregulated genes (Figure 1A).
Similarly, we also described the DEGs of the other three
datasets in the form of volcano plots (Figure 1B,C,D). The
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Figure 1 Volcano plots and Venn diagrams. (A-D) The volcano plots image the differentially expressed genes (DEGs) in GSE99325,
GSE99339, GSE15641, and GSE53757. The blue and red dots represent downregulated and upregulated genes, respectively. (E) Venn
diagrams of hypertensive nephrology (HN) related DEGs in GSE99325 and GSE99339. (F) Venn diagrams of renal cell carcinoma (RCC)
related DEGs in GSE15641 and GSE53757.The purple and blue graphics represent downregulated genes. The grey and orange graphics

represent upregulated genes.

common 60 genes of GSE99339 and GSE99325 were
confirmed, including 38 upregulated and 22 downregulated
genes, which are the DEGs of HN (Figure 1E). In the same
way, the common 679 genes of GSE53757 and GSE15641
are the DEGs of RCC (Figure 1F). Heatmaps of HN-DEGs
in relation to cellular response to tumor necrosis factor,
response to lipopolysaccharide, multicellular organismal
homeostasis and neutrophil degranulation were conducted
for genes expression (Figure 2). The value of RCC-DEGs
expression concerning extracellular structure organization,
leukocyte migration, neutrophil activation and response to
oxygen levels has been shown in Figure 3.

Functional enrichment in Co-DEGs

Figure 44 illustrates 9 Co-DEGs of HN- and RCC-

© Translational Andrology and Urology. All rights reserved.

DEGs, including Sin3A associated protein 30 (SAP30),
polymerase I and transcript release factor (PTRF),
lysozyme (LYZ), PYD and CARD domain containing
(PYCARD,), estrogen related receptor gamma (ESRRG),
coronin 1A (COROI1A), fibronectin 1 (FNI), branched
chain amino acid transaminase 1 (BCATI), cysteine rich
protein 1 (CRIPI). We confirmed GO term enrichment
concerning biological processes, molecular functions, and
cellular components with AmiGO database. We found that
Co-DEGs were related to many processes (Table S1).

PPI network analysis, GO analysis and KEGG pathway
enrichment analysis

Fifty-eight and 618 nodes have been identified from PPI
network of HN- and RCC-DEGs, respectively (Figure
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Figure 2 Heatmaps of hypertensive nephrology (HN) related differentially expressed genes (DEGs). (A-D) Results of DEGs expression
concerning cellular response to tumor necrosis factor, response to lipopolysaccharide, multicellular organismal homeostasis, and neutrophil

degranulation. Red, greater expression. Blue, less expression.
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Figure 3 Heatmaps of renal cell carcinoma (RCC) related differentially expressed genes (DEGs). (A-D) Results of DEGs expression
concerning extracellular structure organization, leukocyte migration, neutrophil activation and response to oxygen levels. Red, greater

expression. Blue, less expression.
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Figure 4 Venn diagrams and protein-protein interaction (PPI) network. (A) Common differentially expressed genes (DEGs) between renal
cell carcinoma (RCC) and hypertensive nephrology (HN); (B) PPI network of DEGs of HN; (C) PPI network of DEGs of RCC. Purple,

greater degree. Blue, lesser degree.

4B,C). The hub nodes including fibronectin 1 (FN1; degree
=21), vascular cell adhesion molecule 1 (VCAM]I; degree
=14), alpha 2-HS glycoprotein (AHSG; degree =12), nuclear
receptor subfamily 1 group H member 4 (NRIH4; degree
=10), PPARG coactivator 1 alpha (PPARGCI1A; degree
=10), coronin 1A (CORO1A; degree =10) and activating
transcription factor 3 (ATF3; degree =10) are hub genes
of HN. Similarly, the hub genes including kininogen 1
(KNG1; degree =58), complement C3 (C3; degree =55),
fibronectin 1 (FNI; degree =38), TIMP metallopeptidase
inhibitor 1 (TIMPI; degree =36), albumin (ALB; degree
=36), prolyl 4-hydroxylase subunit beta (P4HB; degree =34)
are illustrated in RCC-DEGs with a high degree.

We identified the GO terms involved in biological
processes among HN-DEGs by using the DAVID database.
They were mainly associated with cellular response to tumor
necrosis factor (Fold Enrichment: 7.88; P value: 2.82E-05),

© Translational Andrology and Urology. All rights reserved.

response to tumor necrosis factor (Fold Enrichment: 7.35;
P value: 4.4E-05), response to lipopolysaccharide (Fold
Enrichment: 6.95; P value: 6.26E-05), response to molecule
of bacterial origin (Fold Enrichment: 6.68; P value: 7.98E-
05) and cellular response to lipopolysaccharide (Fold
Enrichment: 6.68; P value: 7.99E-05). There is evident
correlation in secretory granule lumen (Fold Enrichment:
6.47; P value: 3.21E-04), cytoplasmic vesicle lumen (Fold
Enrichment: 6.14; P value: 4.22E-04), vesicle lumen (Fold
Enrichment: 6.12; P value: 4.29E-04) and cytosolic part
(Fold Enrichment: 7.00; P value: 7.30E-04) in connection
with cellular components. Furthermore, the terms
concerning molecular functions were primarily referred to
primary amine oxidase activity (Fold Enrichment: 107.25;
P value: 1.41E-04), transcription coregulator activity (Fold
Enrichment: 4.58; P value: 3.22E-04) and oxidoreductase
activity, acting on the CH-NH2 group of donors, oxygen

Transl Androl Urol 2020;9(6):2675-2687 | http://dx.doi.org/10.21037/tau-20-817
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Figure 5 Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis. (A,B) Hypertensive

nephrology and renal cell carcinoma related GO analysis for differentially expressed genes (DEGs). The ordinates represent the function

name of the DEGs, and the abscissas represent negative Lg-P values. (C,D) KEGG pathway of hypertensive nephrology and renal cell

carcinoma related DEGs. Rectangular length and rectangular colors represent the number of DEGs contained in the pathway and P. adjust,

respectively.

as acceptor (Fold Enrichment: 40.22; P value: 0.001).
RCC was also analyzed. The biological processes terms
including leukocyte migration (Fold Enrichment: 4.19;
P value: 2.13E-24), extracellular structure organization
(Fold Enrichment: 4.19; P value: 1.28E-20), neutrophil
activation (Fold Enrichment: 3.56; P value: 4.95E-18)
and response to oxygen levels (Fold Enrichment: 4.16; P
value: 8.77E-20) were significantly enriched. Similarly,
the terms of collagen-containing extracellular matrix
(Fold Enrichment: 5.60; P value: 5.73E-29), extracellular
matrix (Fold Enrichment: 4.41; P value: 9.82E-27) and
endoplasmic reticulum lumen (Fold Enrichment: 4.69;
P value: 7.46E-19) concerning cellular components were
primarily enriched. In addition, the molecular functions
terms of antigen binding (Fold Enrichment: 4.66; P value:

© Translational Andrology and Urology. All rights reserved.

1.38E-13), peptide antigen binding (Fold Enrichment:
13.10; P value: 3.94E-13) and glycosaminoglycan binding
(Fold Enrichment: 4.17; P value: 3.20E-12) were notably
enriched (Figure 5A,B).

KEGG pathway analysis data is shown in Figure 5.
It indicated that the HN-DEGs were greatly enriched
in pathways of tyrosine metabolism (P value: 0.006)
(Figure 5C). However, KEGG terms including phagosome
(P value: 6.96E-13), rheumatoid arthritis (P value: 1.48E-
10) and viral myocarditis (P value: 5.03E-10) were
enriched in RCC-DEGs (Figure 5D).

Co-DEGs validation and detection
The CTD showed that Co-DEGs BCAT1, COROI1A,

Transl Androl Urol 2020;9(6):2675-2687 | http://dx.doi.org/10.21037/tau-20-817
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Figure 6 Co-expressed genes related to hypertension and kidney cancer based on the comparative toxicogenomics database (CTD). (A-H)
Inference Score of BCAT1, COROIA, CRIP1, ESRRG, FN1, LYZ, PYCARD, SAP30.

CRIP1, ESRRG, FN1, LYZ, PYCARD, and SAP30 targeted
hypertension and renal cancer and these data appear in
Figure 6. Compared with para cancerous normal tissues, the
expression levels of 7 genes except BCAT'1 were obviously
higher in ccRCC in view of the GEPIA database (Figure
74,B,C,D,E,F,G,H). Among the 8 key genes, we found
that CRIPI, ESRRG, LYZ, and PYCARD were obviously
associated with the overall survival of ccRCC patients
(Figure 71.7,K,L).

Functional and pathway enrichment related to predicted
miRNAs and Co-DEGs and validation of predicted
miRNAs

We used mirDIP and DIANA-MirPath database to

© Translational Andrology and Urology. All rights reserved.

predict the top 5 targeted miRNAs of each Co-DEG
associated with HN-related RCC (Table S2). In Figure 8,
we identified the relationship between predicted miRNAs
and Corresponding genes in ¢ccRCC. Hsa-miR-429 and
hsa-miR-200b-3p are negatively correlated with FN1,
respectively. Hsa-miR-30e-5p and hsa-miR-30b-5p are
negatively correlated with SAP30, respectively. Hsa-miR-
221-5p is negatively correlated with CRIPI. Hsa-miR-
205-5p, hsa-miR-152-3p and hsa-miR-137 are negatively
correlated with ESRRG, respectively.

Discussion

Numerous observational studies have systematically
reported an increased risk of RCC in patients with
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Figure 7 Gene expression and overall survival based on GEPIA database. (A-H) The gene expression levels of BCAT1, CORO1A, CRIPI,
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based on P<0.05.

hypertension (17,18). The biological mechanism of the
relationship between hypertension and RCC is indefinite.
However, it is speculated that it is related to chronic
kidney hypoxia and lipid peroxidation with the generation
of reactive oxygen species (ROS) (19,20). Patients with
hypertension may cause chronic kidney hypoxia due to
the transcription of hypoxia inducible factors, which can
promote tumor cell angiogenesis and proliferation (21).
we identified 8 key genes of hypertension-related RCC,
including BCAT1, COROI1A, CRIP1, ESRRG, FN1, LYZ,
PYCARD, and SAP30. These genes will help us further

explore the mechanism of hypertension-related RCC and
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may become biomarkers of hypertension-related RCC.
And they are also important for exploring new therapeutic
targets of hypertension-related RCC.

One study showed that CRIPI has a strong connection
with pressure at the population level. The effect of CRIPI on
blood pressure may be achieved by mediating SH2B3 (22).
Meanwhile, Macrophages that lack SH2B3 expression are
easily activated, producing more ROS (23), which can cause
kidney injury. We generally believe that SH2B3 negatively
inhibits proinflammatory cell signaling within the kidney
in normal and pathological states (24). Long-term effects
of these mechanisms may lead to the development of
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Figure 8 The relationship between predicted miRNAs and Corresponding genes. The relative expression levels between predicted miRNAs

and Corresponding genes in renal clear cell carcinoma in starBase. (A,B) Hsa-miR-429 and hsa-miR-200b-3p are negatively correlated with
FN1, respectively (P<0.01). (C,D) Hsa-miR-30e-5p and hsa-miR-30b-5p are negatively correlated with SAP30, respectively (P<0.01). (E)
Hsa-miR-221-5p is negatively correlated with CRIP1 (P<0.01). (F-H) Hsa-miR-205-5p, hsa-miR-152-3p and hsa-miR-137 are negatively

correlated with ESRRG, respectively (P<0.01).

hypertension-related RCC. The detection of CRIPI helps
us to detect RCC early in patients with hypertension, so as
to improve the survival rate of RCC. Recent studies have
revealed that ESRRG is a key transcriptional regulator of
mitochondrial oxidative phosphorylation (OxPhos) and
fatty acid oxidation (FAO) (25). Through the analysis of
epigenomic elements of the promoter, it is found that ESRRG
is a new obesity-susceptibility gene (26). It is well known that
obesity and hypertension are highly correlated. Based on this,
we speculate that ESRRG is associated with hypertension.
ESRRG is highly expressed in the kidney and plays a
major role in normal embryonic kidney development (27).
The lack of ESRRG in renal epithelial cells (RECs) causes
serious renal energy and absorption dysfunction and renal
failure. The expression of ESRRG is positively correlated
with renal function and decreases in patients with chronic
kidney disease (CKD) (28). CKD is one of the causes of
RCC (29). ESRRA and ESRRG drive changes in HIF1A

© Translational Andrology and Urology. All rights reserved.

and HIF2A, which are important in developing ccRCC
molecular phenotypes (30). In addition, ESRRG also plays a
role in other tumors, including breast cancer, endometrial
cancer, gastric cancer, liver cancer, and prostate cancer.
Further exploration of the role of ESRRG in the occurrence
and development of hypertension-related RCC will help us
find new therapeutic targets for RCC, thereby alleviating the
situation of drug resistance in the treatment of renal cancer.
FN1 is a gene that has been widely explored. The expression
of FN1 is increased in patients with hypertension (31).
Several studies show a strong correlation between FNI and
RCC (32,33). FNI expression in RCC is related to a higher
disease-related mortality rate, indicating a probable role in
RCC progression (34). Apoptosis genes such as PYCARD
have shown potential to improve the prognosis of other
cancers and may be demonstrated by further research to
have the same potential in RCC (35). Transcription factor
SAP30 is important to activation of expression of NETO2
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gene in ccRCC. Meanwhile, mRNA level of SAP30
increased significantly and was positively correlated with
NETO?2 gene expression (36).

In our data, miR-429, miR-200b-3p, miR-30e-5p, miR-
30b-5p, miR-221-5p, miR-205-5p, miR-152-3p and miR-
137 may sponge with corresponding genes and act on
hypertension-related RCC. Has-miR-429 is one of the
most studied miRNAs in RCC. It is reported that miR-
429 suppresses tumor cell proliferation, metastasis and
epithelial-mesenchymal transition by direct targeting of
BMI1, E2F3 and VEGF in RCC (37,38). MiR-137 inhibits
the growth and invasion of ccRCC cells, and induces
apoptosis, acting as a tumor suppressor gene. MiR-137
works by targeting 3'-UTR of RLIP76 which is an oncogene
identified in ccRCC (39).

Conclusions

According to existing literature reports, several genes such
as CRIPI, ESRRG, FN1, PYCARD, and SAP30 are related
to hypertension or RCC. Through the verification of CTD,
GEPIA and Starbase databases, we found that the two
genes CRIPI, ESRRG and their corresponding predicted
miRNAs are most likely instructive for further exploration
of hypertension-related RCC and contribute to finding new
therapeutic targets.

However, some limitations also exist. primarily, this is a
microarray analysis study and our data were acquired from
a publicly available database. Given that gene expression is
not necessarily equivalent to protein expression, we need
further in vivo and in vitro experiments to clarify molecular
mechanisms of key genes for clinical applications. Secondly,
prospective clinical studies may validate our point of view
better.
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Supplement

Table S1 The Gene Ontology (GO) analysis of the co-expressed differential genes of hypertension-related renal cell carcinoma

(Gene IGO class (direct) id id with Reference
BCAT1 IG1/S transition of mitotic cell cycle ITAS PMID:8692959
lcytosol ITAS Reactome: R-HSA-508189
branched-chain amino acid biosynthetic
ITAS PMID:6933702
process
branched-chain amino acid catabolic
ITAS Reactome: R-HSA-70895
process
identical protein binding IEA UniProtKB: P54690|ensembl: ENSRNOP00000021193 IGO_REF:0000107
L-leucine transaminase activity IEA EC:2.6.1.42 IGO_REF:0000003
L-valine transaminase activity IEA EC:2.6.1.42 IGO_REF:0000003
L-isoleucine transaminase activity IEA EC:2.6.1.42 IGO_REF:0000003
aline biosynthetic process IBA [PANTHER: PTN000214538|PomBase: SPBC428.02¢c PMID:21873635
MGI: MGI:1276534|PANTHER: PTN000214537|PomBase: SPBC428.02¢|RGD:68948|SGD:
mitochondrion IBA PMID:21873635
1S000001251|UniProtKB: 015382
branched-chain-amino-acid transaminase| MGI: MGl:104861|MGI: MGI:1276534|PANTHER: PTN000214538|PomBase:
IBA PMID:21873635
lactivity ISPBC428.02¢|RGD:2195|RGD:68948|SGD: S000001251|SGD: S000003909
leucine biosynthetic process IBA PANTHER: PTN000214538|PomBase: SPBC428.02¢c|RGD:68948 PMID:21873635
ICORO1A immunological synapse IDA PMID:24760828
Iphagolysosome assembly IMP PMID:12132654
iphagocytic cup IDA PMID:17442961
RNA binding HDA PMID:22658674
lactin binding IPI UniProtkB: P60709 PMID:23100250
lactin monomer binding IMP PMID:23100250
protein binding IPI UniProtKB: P14598 PMID:11094157
lcytoplasm IDA PMID:17341475
learly endosome IEA UniProtkKB: 089053|ensembl: ENSMUSP00000101972 IGO_REF:0000107
lcytosol IEA IG0:0061502 IGO_REF:0000108
jactin filament IDA PMID:15800061
plasma membrane IDA PMID:17341475
lcell-cell junction IEA UniProtkB: 089053|ensembl: ENSMUSP00000101972 IGO_REF:0000107
lcalcium ion transport IEA UniProtkKB: 089053|ensembl: ENSMUSP00000101972 IGO_REF:0000107
[phagocytosis IMP PMID:17442961
protein C-terminus binding IPI UniProtKB: Q15080 PMID:9365277
lcytoskeletal protein binding 1SS UniProtkB: 089053 IGO_REF:0000024
regulation of cell shape IEA UniProtkB: 089053|ensembl: ENSMUSP00000101972 IGO_REF:0000107
membrane HDA PMID:19946888
lamellipodium IDA PMID:17442961
lactin cytoskeleton organization IMP PMID:17442961
positive regulation of cell migration IEA UniProtkB: 089053|ensembl: ENSMUSP00000101972 IGO_REF:0000107
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laxon IEA UniProtkB: 089053|ensembl: ENSMUSP00000101972 IGO_REF:0000107
leukocyte chemotaxis IEA UniProtkKB: 089053|ensembl: ENSMUSP00000101972 IGO_REF:0000107
[phagocytic vesicle membrane IEA UniProtKB-SubCell:SL-0205 IGO_REF:0000039
lcortical actin cytoskeleton IDA PMID:15800061
negative regulation of vesicle fusion IEA UniProtkKB: 089053|ensembl: ENSMUSP00000101972 IGO_REF:0000107
lcell-substrate adhesion IMP PMID:17442961
Imyosin heavy chain binding IPI UniProtKB: P35579 PMID:23100250
uropod organization IEA UniProtkKB: 089053|ensembl: ENSMUSP00000101972 IGO_REF:0000107
regulation of actin cytoskeleton
IMP PMID:24760828
lorganization
protein-containing complex IDA PMID:11094157
nerve growth factor signaling pathway IEA UniProtkKB: 089053|ensembl: ENSMUSP00000101972 IGO_REF:0000107
positive regulation of T cell proliferation  |IEA UniProtkKB: 089053|ensembl: ENSMUSP00000101972 IGO_REF:0000107
protein homodimerization activity IDA PMID:15601263
[T cell homeostasis IEA UniProtkKB: 089053|ensembl: ENSMUSP00000101972 IGO_REF:0000107
natural killer cell degranulation IMP PMID:24760828
negative regulation of neuron apoptotic
IEA UniProtkB: 089053|ensembl: ENSMUSP00000101972 IGO_REF:0000107
process
Iphosphatidylinositol 3-kinase binding IDA PMID:11094157
innate immune response NAS PMID:17341475
phagocytic vesicle IDA PMID:17442961
homeostasis of number of cells within a
IEA UniProtkB: 089053|ensembl: ENSMUSP00000101972 IGO_REF:0000107
ftissue
positive chemotaxis IDA PMID:17442961
lactin filament binding IDA PMID:15601263
negative regulation of actin nucleation IDA PMID:17442961
regulation of release of sequestered
IEA UniProtkB: 089053|ensembl: ENSMUSP00000101972 IGO_REF:0000107
lcalcium ion into cytosol
learly endosome to recycling endosome
IEA UniProtkB: 089053|ensembl: ENSMUSP00000101972 IGO_REF:0000107
[transport
lextracellular exosome HDA PMID:20458337
lcellular response to interleukin-4 IEA UniProtKB: 089053|ensembl: ENSMUSP00000101972 IGO_REF:0000107
lglutamatergic synapse IEA UniProtKB: 089053|ensembl: ENSMUSP00000101972 IGO_REF:0000107
lcortical actin cytoskeleton IDA PMID:24760828
FB: FBgn0029903|MGI: MGI:1345961|PANTHER: PTN000091698|SGD:
lactin filament binding IBA 15000004421|UniProtKB: P31146|UniProtkB: Q9BR76|UniProtkB: QOULV4|WB: PMID:21873635
BGene00004075|dictyBase: DDB_G0267382|dictyBase: DDB_G0269388
IMGI: MGI:1345961|MGI: MGI:1926135|PANTHER: PTN000091698|SGD:
lactin filament organization IBA PMID:21873635
15000004421 |UniProtKB: P57737|UniProtkB: Q9BR76|dictyBase: DDB_G0267382
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MGI: MGI:1345961|PANTHER: PTN000091809|UniProtkB: Q9BR76|UniProtkB: Q9ULV4|ZFIN

lcell migration IBA PMID:21873635
IZDB-GENE-030114-6
ICRIP1 {AT DNA binding IDA PMID:20108983

lcytoplasm IDA PMID:20415737
immune response IEP PMID:20415737
heart development ITAS PMID:7999070
lzinc ion binding IDA PMID:9126610
IDNA binding, bending IDA PMID:20108983
intrinsic apoptotic signaling pathway in

IDA PMID:20415737
response to DNA damage
response to organic substance IEP PMID:17486081
response to zinc ion IDA PMID:7999070
regulation of gene expression IEP PMID:7999070
peptide binding IDA PMID:18670594
prostate gland stromal morphogenesis IEP PMID:9507743
lcellular response to antibiotic IDA PMID:20415737
lcellular response to UV-B IDA PMID:20415737
lzinc ion binding IBA PANTHER: PTN002918232|UniProtKB: P50238 PMID:21873635
intrinsic apoptotic signaling pathway in

IBA PANTHER: PTN002918232|UniProtKB: P50238 PMID:21873635
response to DNA damage
regulation of gene expression IBA PANTHER: PTN002918232|UniProtKB: P50238 PMID:21873635

FN1 langiogenesis IEA UniProtkKB-KW:KW-0037 IGO_REF:0000037

regulation of protein phosphorylation IDA PMID:11792823
protease binding IPI UniProtkB: PO7711 PMID:22952693
platelet degranulation [TAS Reactome: R-HSA-114608
Isignaling receptor binding IPI UniProtkB: POWQP1 PMID:17849409
integrin binding IPI UniProtKB: P05556 PMID:11792823
lextracellular matrix structural constituent  [ISS UniProtkB: F1SS24 IGO_REF:0000024
protein binding IPI UniProtKB: P9WIG5 PMID:10627046
lcollagen binding NAS PMID:3024962
lextracellular region NAS PMID:14718574
[fibrinogen complex IDA PMID:3997886
basement membrane IEA UniProtkB: P11276lensembl: ENSMUSP00000054499 IGO_REF:0000107
lextracellular space IDA PMID:15292204
lendoplasmic reticulum lumen [TAS Reactome: R-HSA-8952289
lendoplasmic reticulum-Golgi intermediate

IDA PMID:15308636
lcompartment
lacute-phase response IEA UniProtKB-KW:KW-0011 IGO_REF:0000037
lcell-substrate junction assembly IEA UniProtKB: P11276lensembl: ENSMUSP00000054499 IGO_REF:0000107
lcell adhesion INAS PMID:1423622
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lcalcium-independent cell-matrix adhesion|lEA UniProtKB: P11276lensembl: ENSMUSP00000054499 IGO_REF:0000107
protein C-terminus binding P UniProtkKB: P9WK17 PMID:16677310
heparin binding NAS PMID:10075919
positive regulation of cell population

IDA PMID:25834989
proliferation
regulation of cell shape IEA UniProtkB-KW:KW-0133 IGO_REF:0000037
response to wounding INAS PMID:7989369
positive regulation of gene expression IDA PMID:25834989
positive regulation of peptidase activity ~ |IEA IGO:0016504 IGO_REF:0000108
lapical plasma membrane IEA UniProtKB: P11276lensembl: ENSMUSP00000054499 IGO_REF:0000107
peptidase activator activity IEA UniProtKB: P11276lensembl: ENSMUSP00000054499 IGO_REF:0000107
peptide cross-linking IDA PMID:3997886
lcytokine-mediated signaling pathway [TAS Reactome: R-HSA-6785807
lenzyme binding IPI UniProtkKB: Q9AISO PMID:12167537
lextracellular matrix organization ITAS Reactome: R-HSA-1474244
lextracellular matrix IDA PMID:26571399
platelet alpha granule lumen [TAS Reactome: R-HSA-481007
integrin activation IMP PMID:24658351
lsubstrate adhesion-dependent cell

IDA PMID:16236823
Ispreading
lendodermal cell differentiation IDA PMID:23154389
wound healing IEA UniProtKB: P11276]ensembl: ENSMUSP00000054499 IGO_REF:0000107
identical protein binding IPI UniProtKB: P02751 PMID:17914904
proteoglycan binding IDA PMID:29030641
post-translational protein modification [TAS Reactome: R-HSA-597592
lcellular protein metabolic process ITAS Reactome: R-HSA-392499
positive regulation of axon extension IEA UniProtkB: P11276|ensembl: ENSMUSP00000054499 IGO_REF:0000107
positive regulation of fibroblast

IDA PMID:25834989
proliferation
leukocyte migration ITAS Reactome: R-HSA-202733
Ichaperone binding P UniProtkKB: POWMJ9 PMID:17849409
interaction with symbiont IDA PMID:12167537
lsymbiotic process mediated by secreted

IDA PMID:17849409
substance
lcollagen-containing extracellular matrix ~ IDA PMID:16157329
lextracellular exosome HDA PMID:19056867
regulation of ERK1 and ERK2 cascade IDA PMID:11792823
blood microparticle HDA PMID:22516433
disordered domain specific binding P UniProtkKB: 050835 PMID:15292204
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neural crest cell migration involved in
IDA PMID:26571399
lautonomic nervous system development
positive regulation of substrate-
Idependent cell migration, cell attachment (IDA PMID:25834989
[to substrate
negative regulation of transforming
IDA PMID:25834989
lgrowth factor-beta secretion
lcollagen-containing extracellular matrix ~ [HDA PMID:20551380
LYZ retina homeostasis HEP PMID:23580065
lysozyme activity [TAS PMID:2829884
lextracellular region ITAS Reactome: R-HSA-6798745
lextracellular space HDA PMID:16502470
inflammatory response [TAS PMID:366724
lantimicrobial humoral response ITAS Reactome: R-HSA-6803157
lcytolysis IEA UniProtKB-KW:KW-0081 IGO_REF:0000037
killing of cells of other organism IDA PMID:9727055
lazurophil granule lumen ITAS Reactome: R-HSA-6798751
Ispecific granule lumen ITAS Reactome: R-HSA-6798749
[defense response to bacterium IDA PMID:21093056
identical protein binding IPI UniProtKB: P61626 PMID:23353684
neutrophil degranulation ITAS Reactome: R-HSA-6798695
lcellular protein metabolic process ITAS Reactome: R-HSA-392499
[defense response to Gram-positive
IDA PMID:21093056
bacterium
lextracellular exosome HDA PMID:19056867
ltertiary granule lumen ITAS Reactome: R-HSA-6798745
[defense response to Gram-positive
IBA MGI: MGI:96897|MGI: MGI:96902|PANTHER: PTN000892307|RGD:3026|UniProtKB: P61626  |PMID:21873635
bacterium
[defense response to Gram-negative
IBA IMGI: MGI:96897|MGI: MGI:96902|PANTHER: PTN000892307|RGD:3026 PMID:21873635
bacterium
PYCARD (Golgi membrane IDA PMID:23229815
imyeloid dendritic cell activation IMP PMID:22732093
protease binding IPI UniProtKB: P98073 PMID:24407287
lactivation of innate immune response IDA PMID:21575908
positive regulation of defense response to
IEA UniProtkB: Q9EPB4|ensembl: ENSMUSP00000033056 IGO_REF:0000107
irus by host
Imyeloid dendritic cell activation involved
1SS UniProtkB: Q9EPB4 IGO_REF:0000024
in immune response
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positive regulation of antigen processing

production

land presentation of peptide antigen via ~ [ISS UniProtkKB: Q9EPB4 IGO_REF:0000024
MHC class Il
positive regulation of adaptive immune

IMP PMID:22732093
response
interleukin-6 receptor binding IPI UniProtkB: P40189 PMID:24407287
protein binding IPI UniProtkKB: 015553 PMID:11498534
tropomyosin binding P UniProtKB: P67936 PMID:24407287
lextracellular region ITAS Reactome: R-HSA-6798748
hucleus ISS UniProtkKB: Q9EPB4 IGO_REF:0000024
nucleoplasm IDA IGO_REF:0000052
nucleolus IDA IGO_REF:0000052
lcytoplasm NAS PMID:12019269
mitochondrion IDA PMID:14730312
lendoplasmic reticulum IEA UniProtkB-SubCell:SL-0095 IGO_REF:0000039
lcytosol IDA IGO_REF:0000052
lactivation of cysteine-type endopeptidase

NAS PMID:12019269
lactivity involved in apoptotic process
inflammatory response IEA UniProtkB: Q9EPB4|ensembl: ENSMUSP00000033056 IGO_REF:0000107
Isignal transduction NAS PMID:12019269
lkappaB kinase complex ITAS PMID:12656673
lcysteine-type endopeptidase activator

NAS PMID:12019269
lactivity involved in apoptotic process
regulation of autophagy IEA UniProtkKB: Q9EPB4|ensembl: ENSMUSP00000033056 IGO_REF:0000107
regulation of tumor necrosis factor-

IMP PMID:14730312
Imediated signaling pathway
myosin | binding IPI UniProtkB: 000159 PMID:24407287
lenzyme binding IPI UniProtkB: P49916 PMID:24407287
positive regulation of actin filament

1SS UniProtkB: Q9EPB4 IGO_REF:0000024
polymerization
regulation of protein stability 1SS UniProtKB: Q9EPB4 IGO_REF:0000024
negative regulation of NF-kappaB

IMP PMID:16585594
[transcription factor activity
Pyrin domain binding IPI UniProtkKB: Q96P20 PMID:15030775
interleukin-1 beta production IEA UniProtkKB: Q9EPB4|ensembl: ENSMUSP00000033056 IGO_REF:0000107
negative regulation of interferon-beta

IMP PMID:19158675
production
positive regulation of interferon-gamma

1SS UniProtkB: Q9EPB4 IGO_REF:0000024
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positive regulation of interleukin-1 beta

IMP PMID:22267217
production
positive regulation of interleukin-6

1SS UniProtkB: Q9EPB4 IGO_REF:0000024
production
positive regulation of tumor necrosis

IMP PMID:16982856
factor production
[protein-containing complex IDA PMID:22267217
[tumor necrosis factor-mediated signaling

IDA PMID:12656673
pathway
lsecretory granule lumen ITAS Reactome: R-HSA-6798748
lazurophil granule lumen ITAS Reactome: R-HSA-6798751
positive regulation of activated T cell

1SS UniProtkB: Q9EPB4 IGO_REF:0000024
proliferation
intrinsic apoptotic signaling pathway in
response to DNA damage by p53 class IMP PMID:14730312
mediator
identical protein binding IPI UniProtkB: Q9ULZ3 PMID:24630722
protein homodimerization activity IDA PMID:15030775
neuronal cell body IEA UniProtkB: G3V8L1|ensembl: ENSRNOP00000026699 IGO_REF:0000107
positive regulation of apoptotic process  |IDA PMID:12646168
regulation of GTPase activity IEA UniProtkKB: Q9EPB4|ensembl: ENSMUSP00000033056 IGO_REF:0000107
negative regulation of |-kappaB

IDA PMID:12486103
kinase/NF-kappaB signaling
positive regulation of cysteine-type
lendopeptidase activity involved in IDA PMID:15030775
lapoptotic process
neutrophil degranulation ITAS Reactome: R-HSA-6798695
ion channel binding IEA UniProtKB: G3V8L1|ensembl: ENSRNOP00000026699 IGO_REF:0000107
Imacropinocytosis ISS UniProtkKB: Q9EPB4 IGO_REF:0000024
innate immune response IEA UniProtkB-KW:KW-0399 IGO_REF:0000037
positive regulation of JNK cascade IMP PMID:21487011
protein dimerization activity IDA PMID:24531343
positive regulation of interleukin-1 beta

IDA PMID:15030775
Isecretion
positive regulation of phagocytosis 1SS UniProtKB: Q9EPB4 IGO_REF:0000024
[defense response to Gram-negative

IMP PMID:16982856
bacterium
positive regulation of T cell activation IMP PMID:22732093
positive regulation of DNA-binding

IDA PMID:19494289

ltranscription factor activity
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positive regulation of NF-kappaB

IDA PMID:12646168
[transcription factor activity
protein homooligomerization IDA PMID:24531343
defense response to virus IDA PMID:21575908
positive regulation of ERK1 and ERK2

IMP PMID:21487011
cascade
BMP receptor binding P UniProtkB: Q13873 PMID:24407287
lcellular response to lipopolysaccharide IDA PMID:12486103
lcellular response to interleukin-1 IDA PMID:12486103
lcellular response to tumor necrosis factor IDA PMID:12486103
negative regulation of protein

IDA PMID:12486103
Iserine/threonine kinase activity
intrinsic apoptotic signaling pathway by

IMP PMID:14730312
53 class mediator
NLRP1 inflammasome complex IDA PMID:12191486
INLRP3 inflammasome complex IDA PMID:15030775
positive regulation of chemokine secretion|IMP PMID:21487011
positive regulation of release of

IDA PMID:14730312
lcytochrome ¢ from mitochondria
JAIM2 inflammasome complex IDA PMID:19158676
lactivation of cysteine-type endopeptidase

IEA UniProtkB: Q9EPB4|ensembl: ENSMUSP00000033056 IGO_REF:0000107
lactivity
negative regulation of cytokine production|

IMP PMID:24531343
involved in inflammatory response
positive regulation of T cell migration 1SS UniProtKB: Q9EPB4 IGO_REF:0000024
positive regulation of interleukin-8

IMP PMID:16982856
Isecretion
positive regulation of interleukin-6

imP PMID:16982856
secretion
positive regulation of cysteine-type

IDA PMID:19158676
lendopeptidase activity
positive regulation of interleukin-10

IMP PMID:16982856
lsecretion
positive regulation of extrinsic apoptotic

IDA PMID:16964285
signaling pathway
regulation of intrinsic apoptotic signaling

IDA PMID:14730312
pathway
lkappaB kinase complex IDA PMID:12486103
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FB:FBgn0010501|FB:FBgn0019972|FB:FBgn0020381|FB:FBgn0028381|FB:FBgn0033659|MGI:M|

GI:107739|MGI:MGI:109383|MGI:MGI:1261423|MGI:MGI:1277950|MGI:MGL:1312922|MGEMGI

Isequence-specific DNA binding

lapoptotic process IBA 97295|PANTHER:PTN000047947|RGD:2274|RGD:2275|RGD:61867|RGD:620944|RGD:620945| |PMID:21873635
RGD:69274|UniProtkB:015519|UniProtKB:P42574|UniProtKB:P55210|UniProtKB:P55211|UniPr|
lotKB:Q14790|WB:WBGene00000417|ZFIN:ZDB-GENE-011210-1
intrinsic apoptotic signaling pathway in
IBA PANTHER: PTN000048135|UniProtkB: Q9ULZ3 PMID:21873635
response to DNA damage
FB: FBgn0010501|FB: FBgn0019972|MGI: MGI:107739|MGI: MGI:109383|MGI:
lcysteine-type endopeptidase activity MGI:1261423|MGI: MGI:97295|PANTHER: PTN000047947|UniProtKB: P42574|UniProtKB:
IBA PMID:21873635
involved in apoptotic process P55210|UniProtkB: P55211|UniProtKB: P55212|UniProtKB: Q14790|UniProtkB: Q92851|WB:
BGene00000417
lextrinsic apoptotic signaling pathway in
IBA MGI: MGI:97295|PANTHER: PTN000048135 PMID:21873635
labsence of ligand
FB:FBgn0010501|FB:FBgn0019972|FB:FBgn0020381|FB:FBgn0028381|FB:FBgn0033051|MGI:M|
GI:107739|MGI:MGI:1261423|MGI:MGI:1277950|MGI:MGI:1312922|MGI:MGI:1336166|MGI:M
G1:1931465|MGI:MGI:97295|PANTHER:PTN000047947|RGD:2274|RGD:2275|RGD:61867|RGD:
lcytoplasm IBA 620944|RGD:620945|RGD:621758|RGD:69274|RGD:70967|UniProtkB:FINL59|UniProtkB:0155(PMID: 21873635
19|UniProtKB:P31944|UniProtkB:P42574|UniProtkB:P49662|UniProtKB:P55210|UniProtkB:P55
[211|UniProtkB:P55212|UniProtkB:Q14790|UniProtkB:Q6UXS9|UniProtkB:Q8MKI5|UniProtKB:
IQ95ND5|UniProtkB:Q9ULZ3|WB:WBGene00000417
ISAP30 histone deacetylase complex IDA PMID:9651585
negative regulation of transcription by
IEA UniProtkB: 088574|ensembl: ENSMUSP00000034022 IGO_REF:0000107
RNA polymerase Il
[DNA binding IEA UniProtkB-KW:KW-0238 IGO_REF:0000037
[transcription corepressor activity IDA PMID:9651585
protein binding IPI UniProtKB: P51610 PMID:12670868
nucleoplasm IDA IGO_REF:0000052
regulation of transcription, DNA-
IDA PMID:9651585
[templated
histone deacetylation IEA IGO:0004407 IGO_REF:0000108
lskeletal muscle cell differentiation IEA UniProtKB: 088574|ensembl: ENSMUSP00000034022 IGO_REF:0000107
metal ion binding IEA UniProtKB-KW:KW-0479 IGO_REF:0000037
[transcription coregulator activity IBA PANTHER: PTN000328752|UniProtkB: 075446 PMID:21873635
regulation of transcription, DNA-
IBA PANTHER: PTN000328752|UniProtKB: 075446 PMID:21873635
templated
histone deacetylase activity IBA IPANTHER: PTN000328752|SGD: S000004876 PMID:21873635
histone deacetylase complex IBA PANTHER: PTN000328752|UniProtKB: O75446|UniProtkB: Q9HAJ7 PMID:21873635
ESRRG nuclear chromatin ISA [tfclass:2.1.1 IGO_REF:0000113
RNA polymerase Il regulatory region
IEA UniProtkB: P62509|ensembl: ENSMUSP00000027906 IGO_REF:0000107
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IDNA-binding transcription factor activity,

[thermogenesis

ISA [tfclass:2.1.1 IGO_REF:0000113
RNA polymerase II-specific
[DNA-binding transcription activator

IEA UniProtkB: P62509|ensembl: ENSMUSP00000027906 IGO_REF:0000107
lactivity, RNA polymerase Il-specific
steroid hormone receptor activity IEA InterPro: IPR0O01723|InterPro: IPR024178|InterPro: IPRO27289 IGO_REF:0000002
nuclear receptor activity IEA InterPro: IPRO03078 IGO_REF:0000002
Isteroid binding IEA InterPro: IPR024178|InterPro: IPR027289 IGO_REF:0000002
protein binding IPI UniProtkB: Q61026 PMID:10428842
nucleoplasm ITAS Reactome: R-HSA-376419
regulation of transcription, DNA-

IDA PMID:23836911
[templated
[transcription initiation from RNA

ITAS Reactome: R-HSA-383280
polymerase Il promoter
lzinc ion binding IEA InterPro: IPR0O01628|InterPro: IPR013088InterPro: IPR024178 IGO_REF:0000002
steroid hormone mediated signaling

IEA GO:0003707 IGO_REF:0000108
pathway
positive regulation of transcription, DNA-

1SS UniProtkB: P62509 IGO_REF:0000024
[templated
positive regulation of transcription by RNA|

IEA UniProtkB: P62509|ensembl: ENSMUSP00000027906 IGO_REF:0000107
polymerase Il
retinoic acid receptor signaling pathway  |IEA InterPro: IPRO03078 IGO_REF:0000002
IAF-2 domain binding 1SS UniProtkB: P62509 IGO_REF:0000024
positive regulation of cold-induced

ESRRG 1SS UniProtkB: P62509 PMID:17229846

TAS, traceable author statement; IEA, Inferred from Electronic Annotation; IBA, Inferred

from Biological aspect of Ancestor; IDA, Inferred from Direct Assay; IMP, Inferred from

Mutant Phenotype; HDA, Inferred from High Throughput Direct Assay; IPI, Inferred from

Physical Interaction; ISS, Inferred from Sequence or structural Similarity; NAS, Non-

traceable Author Statement; IEP, Inferred from Expression Pattern; HEP, Inferred from

High Throughput Expression Pattern; ISA, Inferred from Sequence Alignment.
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Table S2 The Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes

(KEGG) pathways analysis among co-expressed differentially genes of hypertension-

related renal cell carcinoma and their predicted miRNAs

Genes Predicted miRNAs ICategory Function P value
BCAT1 hsa-let-7f-5p KEGG pathway ECM-receptor interaction 7.00E-17
hsa-let-7g-5p IAmoebiasis 0.004634
hsa-let-7i-5p Signaling pathways regulating pluripotency of stem cells 0.006974
hsa-miR-218-5p PI3K-Akt signaling pathway 0.023169
hsa-miR-98-5p IWnt signaling pathway 0.026951
IGO terms Fc-epsilon receptor signaling pathway 0.001352
Cellular component assembly 0.001352
Macromolecular complex assembly 0.001682
Regulation of transcription from RNA polymerase Il promoter in response to hypoxia [0.002075
Neurotrophin TRK receptor signaling pathway 0.002075
Protein complex assembly 0.007927
Extracellular matrix disassembly 0.009607
Small molecule metabolic process 0.00984
ICORO1A hsa-miR-301b-3p KEGG pathway Estrogen signaling pathway 0.00043
hsa-miR-370-3p Endocytosis 0.007175
hsa-miR-454-3p Gap junction 0.01461
hsa-miR-504-5p IGO terms Cellular protein modification process 6.38E-12
hsa-miR-744-5p Neurotrophin TRK receptor signaling pathway 2.70E-09
Nervous system development 0.000246
Membrane organization 0.000541
Small molecule metabolic process 0.000541
ICRIP1 hsa-miR-221-5p KEGG pathway ECM-receptor interaction 14.65E-11
hsa-miR-4720-5p Fatty acid elongation 0.001276
IGO terms Cellular nitrogen compound metabolic process 0.002025
Gene expression 0.004677
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ESRRG hsa-miR-137 KEGG pathway Prion diseases 1.03E-12
hsa-miR-148a-3p ErbB signaling pathway 3.66E-06
hsa-miR-152-3p IAdherens junction 0.000149
hsa-miR-205-5p Oxytocin signaling pathway 0.000746
hsa-miR-7-5p Proteoglycans in cancer 0.0008

GO terms Neurotrophin TRK receptor signaling pathway 1.55E-25
Fc-epsilon receptor signaling pathway 14.15E-20
Epidermal growth factor receptor signaling pathway 3.46E-18
Cellular component assembly 5.38E-14
Blood coagulation 1.10E-11
Fibroblast growth factor receptor signaling pathway 8.45E-11
FN1 hsa-miR-144-3p KEGG pathway Hippo signaling pathway 3.15E-05
hsa-miR-199a-3p IThyroid hormone signaling pathway 0.000558
lhsa-miR-200b-3p ErbB signaling pathway 0.000597
hsa-miR-200c-3p Gap junction 0.000597
hsa-miR-429 GO terms Cellular nitrogen compound metabolic process 14.19E-52
Cellular protein modification process 2.64E-41
Neurotrophin TRK receptor signaling pathway 1.67E-13
Fc-epsilon receptor signaling pathway 5.93E-13
Blood coagulation 6.73E-09
LYZ hsa-miR-1-3p KEGG pathway Proteoglycans in cancer 0.000101
hsa-miR-140-5p Gap junction 0.001277
hsa-miR-206 Rap1 signaling pathway 0.003687
hsa-miR-23b-3p Glutamatergic synapse 0.004599

hsa-miR-452-5p Renal cell carcinoma 0.00613
GO terms Neurotrophin TRK receptor signaling pathway 3.81E-15
[Transcription, DNA-templated 14.14E-15
Fc-epsilon receptor signaling pathway 3.12E-13
Epidermal growth factor receptor signaling pathway 2.15E-12
Cellular component assembly 2.15E-12
Macromolecular complex assembly 6.93E-10
PYCARD hsa-miR-383-5p KEGG pathway IThyroid hormone synthesis 1.35E-14
Fatty acid degradation 7.57E-07

IAdrenergic signaling in cardiomyocytes 0.00013
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Fatty acid metabolism 0.000343
Ubiquinone and other terpenoid-quinone biosynthesis 0.004631

\Valine, leucine and isoleucine degradation 0.00753
GO terms Cellular nitrogen compound metabolic process 0.007499
SAP30 hsa-miR-30a-5p KEGG pathway Mucin type O-Glycan biosynthesis 1.84E-05
hsa-miR-30b-5p IAxon guidance 0.001843
hsa-miR-30c-5p Gap junction 0.006902
hsa-miR-30d-5p Morphine addiction 0.006902
hsa-miR-30e-5p IArrhythmogenic right ventricular cardiomyopathy (ARVC) 0.006902
GO terms Fc-epsilon receptor signaling pathway 2.53E-11
Neurotrophin TRK receptor signaling pathway 2.74E-07
Post-translational protein modification 3.24E-06
Epidermal growth factor receptor signaling pathway 5.30E-06
Blood coagulation 1.42E-05
Platelet activation 0.000704
Cell death 0.005609
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