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Background: To determine the role of miRNA in the progression and outcome of renal clear cell
carcinoma (ccRCC), establish a model for predicting outcome in patients with ccRCC and verify it using a
Cox regression model. The miRNA target genes were predicted to understand their biological functions.
Methods: The microRNAs of 71 normal tissues and 545 tumor tissues were downloaded from TCGA
(https://tcga-data.nci.nih.gov/tcga/). We also downloaded 537 clinical materials from this website. The
miRNA difference analysis was carried out. A prognostic model was constructed using differential miRINA.
The model was verified using Cox survival analysis, receiver operator characteristic (ROC), and independent
predictive analysis.

Results: MiR-130b-3p, miR-365b-3p, miR-149-5p, miR-155-5p, and miR-144-5p can be used as
independent prognostic indicators. We also analyzed the related functions of the target gene and found
that target genes of miRNAs are involved in the signal pathways of some tumors, including cholesterol
metabolism, HIF-1 signal pathway, focus adhesion, the Rapl signal pathway, and hepatitis C.
Conclusions: The prognostic model constructed using five miRNAs is an independent and accurate
factor. These miRINAs target genes are involved in regulating a variety of tumorigenesis and signal pathways.
Therefore, we have reason to believe that the regulation of signal pathways by miRINA may play a critical
role in the occurrence, development, and outcome of ccRCC, provide a new therapeutic target for ccRCC,

and improve outcomes.
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Introduction disease at the initial diagnosis; the 5-year survival rate was

only 11% (4). Chemotherapy or radiotherapy does not

In western countries, renal cell carcinoma (RCC) has affect CcRCC, and the overall clinical effect is not good

become the seventh-largest tumor in men and the third (5,6). There are surgical and targeted therapies for the

most common malignant tumor of the genitourinary treatment of RCC that improve the overall survival rate of

system; its incidence is increasing at 2-4% (1,2). RCC patients (7). However, most patients eventually died of the

includes a variety of histological types. CcRCC is the most
aggressive, carries the poorest outcome, and is the most
common, accounting for nearly 90% of all malignant renal
tumors (1,3). About 30% of RCC patients had advanced
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disease because of the ineffective treatment. Therefore,
there is an urgent need to use diagnostic and prognostic
biomarkers in ccRCC. Nevertheless, to the best of our
knowledge, ccRCC has no biomarkers used in routine
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Table 1 Patient original information

Factors Cases Percentage (%)
Gender
Female 191 0.356
Male 346 0.644
Age(years)
260 290 0.540
<60 247 0.460
Clinical stage
Stage | 269 0.500
Stage |l 57 0.106
Stage Il 125 0.233
Stage IV 83 0.155
Unknow 3 0.006
T stage
Ti(T+Toat Tyy) 275 0.512
To(To+Toat Tay) 69 0.128
To(Ta+ Taat Tap+ Tao) 182 0.339
T, 11 0.021

Lymph node status

N, 240 0.447
N, 17 0.032
N, 280 0.521
Metastatic
Mo 426 0.793
M, 79 0.147
M, 30 0.056
Unknow 2 0.004

clinical practice.

MicroRNAs (miRNAs) are single-stranded non-
coding RNAs, small endogenous RNAs that regulate
gene expression (8-10). Several lines of evidence showed
that miRNA is an essential regulator of gene expression.
Nevertheless, their function in this type of tumorigenesis
remains elusive. With the development of gene sequencing,
next-generation sequencing (NGS), and other related
technologies, the abnormal expression of miRNA in ccRCC
has been widely studied. Systematic and comprehensive
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analysis of multiple microRNA expression data sets might
reveal the potential mechanism of microRNA involved in
the pathogenesis and outcome of ccRCC (11-13).

MiRNA is an essential part of the non-coding RNA
family, consisting of about 18-25 nucleotides. Because
miRNA is a crucial regulator of gene expression and a
promising candidate for the development of biomarkers,
research on the progression and outcome of tumor patients
is expanding. With the further study of genes, many
significant miRNAs have been found. Previous studies have
shown that miRNAs regulate the progression of a variety of
tumors by affecting oncogenes or tumor suppressor genes,
including cell proliferation, angiogenesis, differentiation,
and apoptosis (14). A single miRNA can target hundreds of
mRNA and affect the expression of many genes involved
in functional interaction pathways. Abnormal miRNA
expression changes are associated with human malignant
tumors (15,16). miRNA mimics and inhibitors in clinical
development have shown hope as therapeutic agents.
Several miRNAs have shown the potential to target tumor
outcome pathways and develop into new therapeutic targets
(17-20). The miRNA prognostic model of ccRCC has been
constructed by using TCGA database (21). Nevertheless,
the independence and verification evaluation of the miRNAs
model needs to be further improved. We present the
following article in accordance with the STROBE reporting
checklist (available at http://dx.doi.org/10.21037/tcr-21-37).

Methods
Raw data

This study’s original data came from the cancer genome
map TCGA (https://tcga-data.nci.nih.gov/tcga/), which did
not violate relevant ethical norms. The Strawberry Perl
(Version 5.30.0.1) software package was used to organize
these text records and clinical data, and the collated text
records and clinical data were obtained. The expression
of miRNA in 72 normal samples and 539 tumor samples
(ccRCC) and miRNA expression in 71 normal samples and
545 tumor samples were included. The clinical data are
found in 7able 1, including information on 537 patients.
The study data are from National Cancer Institute (NCI)
and the National Human Genome Institute (NHGRI),
without the need for an ethical statement. The study was
conducted in accordance with the Declaration of Helsinki (as
revised in 2013).
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Figure 1 Differential expression of miRNAs in 545 cases of ccRCC and 71 cases of normal tissues: cluster gene thermogram and volcano

map.

mRNA/miRNAs difference analysis and combination of
miRNAs and survival data

The differential expression of miRNAs (normal: 72, tumor:
539) and mRNAs (normal: 71, tumor: 545) was analyzed
using R Language 3.6.1, Edge R, and P heatmap software
packages. We screened out the differential genes through
relevant filtering conditions (FDR <0.05 and llog2FCI
>1). The differential genes were shown using heat maps
and volcano maps (Figure I). The differentially expressed
miRNAs and mRNA were combined with clinical data
(survival time >30 days).

Construction of prediction model

Using R Language, 3.6.1 version “survival, caret, glmnet,
survminer, survivalROC” software packages, the survival
data samples (including survival time and survival status)
differentially expressed miRNA were randomly divided
into a training group and experimental group with a 1:1
ratio. miRNA expression was extracted from training
and experimental groups, and univariate Cox was used to
analyzing the training and survival data. miRNA related to
the outcome was screened (P<0.001). The prognostic model
was established using miRNA multivariate Cox analysis.
The risk value of each patient in the train group and the test
group was calculated according to the constructed model
function, and the risk value of each patient was calculated as

follows: (Risk Score = hsa-miR-155-5px0.1821+hsa-miR-
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149-5px0.2452+hsa-miR-365b-3px0.5473 +hsa-miR-144-
5px-0.2628+hsa-miR-130b-3px0.2786). This process used

the packages “survival”, “caret”, “glmnet”, “survminer”, and

“survivalROC”.

A series of analyses verify the accuracy of the model

We used R Language version 3.6.1 to verify the prognostic
model and determined whether the model effectively
predicted survival. We verified it by drawing survival
curves, ROC curves, and independent outcome analyses.
The process involved the R software packages “survival”
and “survivalROC”.

Prediction, functional envichment analysis, and potential
Sfunction of five miRNA target genes

After we obtained five model-related miRNA genes, we
predicted the target genes of these miRNAs. The miRNA
forecast database was downloaded from the miRTarBase,
miRDB, and targetScan websites. We defined at least two
positive genes on the website because of the target gene
and then constructed the miRNA regulatory network. To
further study the functional annotations and signal pathways
related to the target genes, we analyzed the functional
enrichment of GO and KEGG. We used the STRING
database (http://www.string-db.org/) to build a protein
interaction (PPI) data network. The process involved the R

”» o«

packages “colorspace”, “stringi” and “ggplot2”.
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Statistical software

We used Perl language (10.0.18362.592), R language
version 3.6.1, and its accompanying software packages. The
differential genes were screened by Edge R and P Heatmap
software packages. Use the “Survival”, “Insert”, “glmnet”,
“Survminer”, “Survminer”, “Survival ROC” package to filter
out the miRNA of related to the results (P<0.001). Use R

package “Colorspace”, “stri” and “ggplot2” to enrich the
functions of GO and KEGG.

Results
MiRNA variance analysis.

The differential expression of miRINA was analyzed using R
Language 3.6.1, EdgeR, and P heatmap software packages.
We obtained 211 differentially expressed miRNAs, of
which 115 genes were upregulated and 96 genes were
downregulated in the tumor group (Figure I). For details
of the 211 differentially expressed miRNA (5p and 3p), see
Table S1.

Construction of prognostic model using differentially
expressed miRNA

According to the median of miRNAs expression, patients
were divided into an experimental group and a training
group at 1:1, circulation analysis was carried out, and
the respective expression levels of the two groups were
extracted simultaneously. Univariate Cox regression analysis
was carried out in the training group. The relationships
between each miRNA, survival time, survival state were
compared in turn, and 11 miRNAs with prognostic value
were selected (P<0.05). To further screen the miRNA, in the
model to eliminate the inherent correlation between each
miRNA, we then carried out a multi-factor Cox regression
analysis, and finally identified five miRNAs (P<0.05): miR-
130b-3p (Figure 24), miR-365b-3p (Figure 2B), miR-149-
5p (Figure 2C), miR-155-5p (Figure 2D), and miR-144-
5p (Figure 2E). We used these five miRNAs to construct a
prognostic model: Risk score = miR-130b-3p*0.278+ miR-
365b-3p*0.547 + miR-149-5p*0.245 + miR-155-5p*0.182
+ miR-144-5p*-0.262 (Table 2). The Kaplan-Meier survival
analysis of the five differential miRNAs is shown in Figure 2.
The results showed a significant difference in the high- and
low-expression of the five prognostic miRNAs in ccRCC;
the survival rate in the high-expression group was lower
than that in the low-expression group, suggesting that these
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five miRINAs are risk factors for the occurrence of ccRCC.

A series of analysis and verification models carried out for
the training group, the test group, and the whole group

We based the risk model on the calculation formula
obtained using the training group. However, the training
group and the verification group were still grouped 1:1, and
each patient in the two groups obtained the corresponding
risk value through the calculation formula, and was divided
into high-risk and low-risk groups according to the median
risk value. The survival curve of risk value was obtained
by comparing the survival difference between the high-
risk and the low-risk groups. Whether it was the training
group, the verification group, or the whole group, the risk
value of the patients was calculated according to the model
constructed by the training group. In Figure 34,B,C of the
training group (P=1.893E-07), test group (P=8.046E-07),
and the whole group (P=4.814E-13), there was a significant
difference in survival rate between the high-risk and low-
risk groups. The overall survival rate of the high-risk group
was much lower than that of the low-risk group. Then
we wanted to verify the accuracy of our model prediction
and draw the ROC curve. The area under the curve
(AUC) values under the curve in the training group, the
experimental group, and the whole group were 0.781, 0.728,
and 0.757, respectively (Figure 3D,E,F). This shows that
the model has high accuracy in predicting the survival of
patients with ccRCC. Also, by drawing the survival status
chart, we can see the number and proportion of dying
patients in the high-risk and low-risk groups. The high-risk
group's mortality rate was significantly higher than that of
the low-risk group (Figure 3G,H,I).

Independence of prognostic models compared with other
clinical traits

The Survival software package of R Language 3.6.1 was
used to analyze the independence of the risk value of the
model compared with the clinical features, draw the ROC
curve, and evaluate the accuracy of the prognostic model
prediction according to the AUC value. From the curve,
the AUC of the risk score was 0.724, which is much higher
than that of other clinical indicators, suggesting that the
risk score value of the prognostic model was more accurate
than other clinical indicators for predicting outcome.
The feasibility of the model was further verified from
the side (Figure 44). Then we carried out univariate Cox
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Figure 2 Five miRNA related to outcome were obtained. To understand the relationship between the expression of these five kinds of
miRNA and survival, we divided the patients into two groups according to the median of five miRNAs. There were significant differences
in the five miRNAs related to outcome between the high-expression and the low-expression groups of ccRCC. The high or low expression
of miR-130b-3p was significantly correlated with survival, and the higher the expression, the worse the survival (P=7.92¢-07, A). The
high or low expression of miR-365b-3p was significantly correlated with survival, and the higher the expression, the worse the survival
(P=4.31e-06, B). The high and low expression of miR-149-5p was significantly correlated with survival, and the higher the expression, the
worse the survival (P=3.50e-04, C). The high and low expression of miR-155-5p was significantly correlated with survival, and the higher
the expression, the worse the survival (P=2.29¢-04, D). The high or low expression of miR-144-5p was significantly correlated with survival,
and the higher the expression, the better the survival (P=7.79¢-05, E).

Table 2 Details of miRNA in five outcome-related models.

ID Coef HR HR.95L HR.95H P value
hsa-miR-155-5p 0.1821 1.19978 1.01175 1.42275 0.03623
hsa-miR-149-5p 0.2452 1.27788 1.06306 1.53613 0.00902
hsa-miR-365b-3p 0.5473 1.72875 1.30848 2.28399 0.00011
hsa-miR-144-5p -0.2628 0.76882 0.66296 0.89158 0.00050
hsa-miR-130b-3p 0.2786 1.32131 1.00985 1.72883 0.04221
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Figure 3 We use graphics to verify five miRINAs. We divided patients into high-risk and low-risk groups according to the median risk value
of each type of miRNA. The risk value survival curve of the training group (A), test group (B), and the whole group (C). The ROC curve of
training group (D), test group (E,) and the whole group (F); and the survival status of the training group (G), test group (H), whole group (I)

high-risk, and low-risk patients.

regression analysis to compare the correlation between
clinical factors, risk value, survival time, and survival status.
All patients except gender had a significant correlation
with the outcome (P<0.05). The risk value was as follows
(HR =1.13947, 95% CI: 1.096-1.185, P=6.9662e-11,
Figure 4B). Then multivariate Cox regression analysis

© Translational Cancer Research. All rights reserved.

was conducted to analyze the correlation between clinical
factors, risk value, and survival. The results showed that
risk value and age were significantly related to outcome
(risk value HR =1.077, 95% CI: 1.028-1.128, P=0.002,
Figure 4C). From this, we determined that risk value and
age were independent prognostic factors. ROC curves,
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Figure 4 The value of the model was further verified by ROC curve and correlation analysis of independent prognostic factors. The area

under the curve (AUC =0.724) of value at risk score is significantly larger than that of other clinical factors (A). The correlation between

clinical factors, risk value, survival time, and patients' survival status was compared, and univariate Cox regression analysis was carried out.

The results showed that, except for sex, there was a significant correlation between outcome and other patients (P<0.05). The risk value is (HR
=1.13947, 95% CI: 1.096-1.185, P=6.9662¢-11, B). To further confirm the independent risk factors related to outcome, multivariate Cox

regression analysis was performed. The results showed that risk value and age were significantly related to outcome (risk value HR =1.077,

95% CI: 1.028-1.128, P=0.002, C).

univariate and multivariate prognostic analyses showed that
the risk value of the model was significantly correlated with
outcome (P<0.05), demonstrating that the model can be
used as an independent prognostic tool.

Prediction and functional envichment analysis of
five miRNA target genes

To study the potential biological functions of these five
miRNAs, we used three target gene prediction software

packages (miRTarBase, miRDB, and targetScan) to predict
their target genes. If there were two or more target gene
prediction software that supported the gene as the target
gene, we assumed that the gene might be the target gene of
miRNA. Using these three prediction software packages, a
total of 3,015 target genes of five miRNAs were predicted.
A Venn diagram was used to draw the relationship between
miRNA and these target genes. MiR-130b-3p (Figure 5A),
miR-155-5p (Figure 5B), miR-365b-3p (Figure 5C), miR-
149-5p (Figure 5D), and miR-144-5p (Figure SE) had 207,
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Figure 5 Venn diagram of the relationship between target genes. miR-130b-3p (A), miR-155-5p (B), miR-365b-3p (C), miR-149-5p (D),

and miR-144-5p (E).

232, 21, 41 and two overlapping genes, respectively. Then,
the target genes were intersected with the differential genes
of TCGA, and an miRNA-mRNA regulatory network was
constructed using Cytoscape 3.7.2 (Figure 6). To further
study the functional annotation and signal pathway related
to the target gene, it was necessary to transform the name
of the gene into the ID of the gene and then to carry on
the functional enrichment analysis of GO and KEGG to
understand the main functions and pathways of the genes in
the network. The results of functional enrichment of GO
were as follows: biological process (BP), cellular component
(CC), and molecular functional (MF) are shown by bubble
diagram (Figure 74,B,C). The results of the KEGG pathway
enrichment analysis (Figure 7D,E,F) of target genes showed

that target genes were involved in a series of pathways
related to clear renal cells (Table 3) (P<0.05).

© Translational Cancer Research. All rights reserved.

Construction of PPI Network and batch survival analysis
of target genes

mRNA (expression quantity of all target genes) was
combined with survival time and survival status data.
According to the median of mRNA expression, these
were divided into high-risk and low-risk groups. The
relationships between target gene expression and outcome
were compared. To make the relationship between the
target gene and outcome most significant, we set P<0.00001.
Finally, we obtained 12 target genes most closely related
to outcome (ARHGAP24, CLCNS, IQGAP2, IRF6, MUT,
MPPS, PCCA, PODXL, SEMASA, SH3BGRL3, VAV3, and
WDR72), as shown in Figure 8. The corresponding miRNA
of these 12 target genes are shown in Table 4. Among
them, the outcome of target gene SH3BGRL3 was better
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Figure 6 MiRNA-mRNA regulatory network. Triangles and circles represent miRNAs and target genes, respectively. Green and red

represent downregulated and upregulated genes, respectively.
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Table 3 Objective the results of KEGG functional enrichment analysis of the target gene

ID Description BgRatio P value Gene ID Count
hsa04979 Cholesterol metabolism 50/8011 0.0002 LPL/SORT1/ABCA1/SCAR1 4
hsa04066 HIF-1 signaling pathway 109/8011 0.000 EGLN3/SLC2A1/FLT1/EGFR/ 5
PFKFB3
hsa04510 Focal adhesion 199/8011 0.001 KDR/VAV3/ITGB6/FLT1/TNC/ 6
EGFR
hsa04015 Rap1 signaling pathway 210/8011 0.002 PFN2/KDR/VAV3/FLT1/ 6
SIPA1L2/EGFR
hsa05160 Hepatitis C 155/8011 0.003 BID/OAS2/CLDN8/EGFR/ 5
SCARBT1
hsa04976 Bile secretion 72/8011 0.011 SLC2A1/HMGCR/SCARB1 3
hsa04810 Regulation of actin 213/8011 0.011 IQGAP2/PFN2/VAV3/ITGB6/ 5
cytoskeleton EGFR
hsa00630 Glyoxylate and 30/8011 0.016 SHMT2/PCCA 2
dicarboxylate metabolism
hsa04512 ECM-receptor interaction 88/8011 0.019 ITGB6/NPNT/TNC 3
hsa05165 Human papillomavirus 330/8011 0.019 ITGB6/TNC/HES4/ 6
infection ATP6V0A4/MPP5/EGFR
hsa04975 Fat digestion and absorption 41/8011 0.028 ABCA1/SCARB1 2
hsa05219 Bladder cancer 41/8011 0.028 MMP9/EGFR 2 2
hsa04922 Glucagon signaling pathway 106/8011 0.031 PPARGC1A/SLC2A1/PHKA2 3
hsa04928 Parathyroid hormone 106/8011 0.031 NR4A2/GATA3/EGFR 3
synthesis
hsa04670 Leukocyte transendothelial 112/8011 0.035 VAV3/MMP9/CLDN8 3
migration
hsa00280 Valine, leucine and isoleucine 48/8011 0.038 OXCT1/PCCA 2
degradation
hsa00510 N-Glycan biosynthesis 50/8011 0.041 ST6GAL1/MGAT3 2
hsa05110 Vibrio cholerae infection 50/8011 0.041 KCNQ1/ATP6V0OA4 2
hsa04152 AMPK signaling pathway 120/8011 0.042 PPARGC1A/HMGCR/ 3
PFKFB3
hsa05205 Proteoglycans in cancer 204/8011 0.042 KDR/VAV3/MMP9/EGFR 4

in the low-expression group; the five-year survival rate was
significantly higher than that of the high-expression group,
the outcome of the other 11 target genes was better in the
high-expression group, and the five-year survival rate was
significantly higher than that of the low-expression group.
Then the protein-protein interaction network (Figure 94)
was constructed using Cytoscape 3.6.1, and then the PPI
network diagram (Figure 9B) was obtained using the plug-
in cytoHubba. According to a degree, the target genes with

© Translational Cancer Research. All rights reserved.

the largest number of ten nodes [epidermal growth factor
receptor (EGFR), SLC2A1, KDR, ABCAI, LPL, FLTI, LOX,
MMPY9, SCARBI, and PPARGC1A] were screened (Table 5).

Discussion

CcRCC is a malignant RCC and is the most common renal
cell subtype, characterized by the poor outcome, complex
molecular and cellular heterogeneity, and high mortality
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Figure 8 Twelve survival-related target genes were obtained, and the survival curves were drawn. As shown

genes are all related to survival (P<0.00001).

and morbidity (22,23). A great deal of evidence shows
that miRNAs regulate the expression of many genes and
play critical roles in many biological processes of human
malignant tumors (24). Previous studies showed that
miRNAs participate in the occurrence and development
of RCC (25-27). miRNA participates as an oncogene or
tumor suppressor gene; therefore, the survival of tumor
patients can be predicted at the miRNA level. The
outcome can be improved by regulating the expression of
these miRNA. Several miRNAs can be used as potential
prognostic indicators of ccRCC (28-30). Nevertheless, the
relationship between miRNA expression and the outcome
of patients with ccRCC remains to be further clarified. At
present, there are many prognostic markers related to the
tumor based on multi-miRNAs signals (31-33), especially
ccRCC (34). Unlike in the past, our model includes both
miRNA-5p and 3p analysis, improvement of research
methods, larger sample size, and most importantly, we

© Translational Cancer Research. All rights reserved.

Time (year) Time (year)

in the figure, these 12 target

verified the model using a series of analyses to make our
model more accurate and reliable than the others. The
target genes and related potential biological functions of
miRNAs were also explored.

We downloaded ccRCC miRNA expression data
spectrum and corresponding clinical data from TCGA.
Using R language to analyze the difference of miRNA, a
total of 211 differentially expressed miRNA were obtained
in ccRCC and paracancerous tissues. They were randomly
divided into training and test groups. Univariate and
multivariate Cox regression methods were used to establish
a miRNA prognostic model for training, and five miRNAs
with prognostic value were obtained (miR-130b-3p, miR-
155-5p, miR-365b-3p, miR-149-5p, miR-144-5p).
Five miRNAs were verified in the testing group and the
whole group. They were divided into high- and low-risk
groups according to the median value of risk. The survival
curve showed that the high-risk group’s overall survival rate
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Target gene MiRNA miRDB miRTarBase TargetScan Sum
ARHGAP24 has-miR-130b-3p 1 0 1 2
CLCN5 has-miR-155-5p 1 0 1 2
has-miR-130b-3p 1 0 1 2
has-miR-149-5p 1 0 1 2
IQGAP2 has-miR-130b-3p 1 0 1 2
IRF6 has-miR-144-5p 1 0 1 2
MUT has-miR-155-5p 0 1 1 2
MPP5 has-miR-155-5p 1 1 1 3
has-miR-144-5p 1 0 1 2
PCCA has-miR-155-5p 0 1 1 2
PODXL has-miR-155-5p 0 1 1 2
SEMAS5A has-miR-155-5p 1 0 1 2
SH3BGRL3 has-miR-149-5p 0 1 1 2
VAV3 has-miR-155-5p 1 0 1 2
WDR72 has-miR-155-5p 1 0 1 2

was significantly lower than that of the low-risk group. The
ROC curve shows that the model has an excellent ability
to predict the survival of the three groups. The rates of
training and test groups were 0.781 and 0.728, respectively.
After considering clinical factors such as sex, age, grade,
and stage, the ROC survival analysis showed that the
AUC value was 0.724. The univariate and multivariate
prognostic analysis showed that the risk value of the model
was significantly correlated with the outcome (P<0.05).
To sum up, the risk value of the model can be used as an
independent predictor of outcome (Figure 4).

Sun er al. demonstrated that the upregulation of miR-
130b-3p activates the PI3K/AKT/ F- kappa B pathway
and promotes cell proliferation and cell cycle by down-
regulating PTEN (35). Qu et a/. demonstrated the function
of miR-365b-3p in coronary atherosclerosis (36). Tao
et al. demonstrated miR-155-5p/3p in ccRCC cells and
the increased expression of MIR155HG in RCC, which
interfered with the inhibition of renal cell function. At the
same time, overexpression of miR-155-3p and miR-155-5p
reversed this effect. MiR155HG interference inhibited the
expression of miR-155-5p and miR-155-3p in ccRCC.

In contrast, inhibition of miR-155-5p and miR-155-
3p inhibited the proliferation, invasion, and migration of
ccRCC, providing a new method for early diagnosis and

© Translational Cancer Research. All rights reserved.

proper treatment of ccRCC (37). Yamada er al. reported
that miR-144-5p and carcinogenic SDC3 axis were
closely related to the pathogenesis of RCC and played
antitumor roles (38). However, the interaction mechanism
of these five miRNAs in ¢ccRCC has not been clearly
defined. To determine the role of these five- miRNAs in
ccRCC, three target gene prediction libraries were used
to predict target genes, and a total of 3015 target genes
were predicted. Then, the target genes were intersected
with the differential genes of TCGA, and the functional
enrichment analysis of these overlapping genes was
carried out. The signal pathways of target genes were
concentrated in the Rapl signal pathway, focal adhesion,
human papillomavirus infection, and others. Si-tong ez al.
shoed that sharpin promotes migration and invasion of
melanoma by regulating Ras-associated protein-1 (Rapl)
and its downstream pathways, including p38 and JNK/
c-jun. RAP1 activators (8-PCPT-2'-O-Me-cAMP) and
inhibitors (ESI-09 and farnesyl thiosalicylamide) partially
inhibit the invasion and migration of tumor cells. Studies
have shown that sharpin promotes melanoma development
through the p38 and JNK/c-jun pathways by upregulating
the expression of Rapl (38). Therefore, we can speculate
that upregulated Rapl promotes the progression and poor
outcome of ccRCC. In this way, we can use RAP1 inhibitors
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Table 5 PPI network core (cytoHubba)

ID MCC DMNC MNC Degree EPC I?\lc:(t:I: EcCentricity (r:]l‘::se Radiality Betweenness Stress g(l)isf_:z:ri
EGFR 30 0.33 7 15 18.40 22 0.15 27.3 5.4 855.3 1482 0.08
SLC2A1 13 0.46 3 10 17.66 24 0.15 24.6 5.3 683.2 1214 0.11
KDR 27 0.32 8 9 17.86 18 0.19 23.9 5.3 468.8 976 0.30
ABCA1 28 0.45 5 7 16.31 5 0.13 19.5 4.8 203.1 454 0.33
LPL 30 0.33 7 7 16.67 2 0.13 20.5 4.9 123.8 244 0.42
FLT1 18 0.38 6 6 16.84 3 0.19 21.9 5.2 210.3 564 0.53
LOX 9 0.38 4 5 14.97 3 0.15 20.3 5.0 191.4 326 0.4
MMP9 13 0.47 4 5 16.39 6 0.15 20.7 5.1 127.9 314 0.5
SCARBT1 25 0.57 4 5 15.55 1 0.13 19.9 4.9 94.9 238 0.6
PPARGC1A 6 0.31 3 5 14.11 5 0.13 19.4 4.8 179.4 350 0.2
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to inhibit progression and improve outcomes, although
this needs to be further confirmed by experiments. It is
well known that infection by human papillomavirus (HPV)
is associated with cervical cancer. These signal pathways
show their role in tumorigenesis and progression in varying
degrees; however, the signal pathways involved in these
target genes are only the tip of the iceberg, suggesting
that the miRNA prognostic model we constructed may
be involved in the regulation of signal pathways in the
progression and outcome of ccRCC. Ten essential genes of
regulatory model miRNA were screened using Cytoscape
(1able 4). Survival analysis showed 12 genes (ARHGAP24,
CLCNS, IQGAP2, IRF6, MPPS, MUT, MUT, PODXL,
SEMASA, SH3BGRL3, VAV3, and WDR72) was related
to survival and outcome. The expression of SH3BGRL3
was negatively correlated with the outcome; that is to say,
higher expression of SH3BGRL3 correlated with worse
outcome. The other 11 genes were positively correlated
with the outcome; higher expression correlated with a better
outcome. These findings suggest that we can regulate the
expression of these 12 essential genes to affect the outcome.
According to related studies, circRNAs are involved in
tumorigenesis, becoming a new tumor biomarker and
therapeutic target of lung adenocarcinoma (LUAD), playing
an essential role in various biological processes, and related
to chemotherapeutic drug resistance. We found that the
expression of CDRI1-AS was upregulated in LUAD tissues
and cell lines, and CDR1-AS was closely related to the
EGFR/PI3K signal pathway in A549/CR cells. CDR1-AS
participates in chemotherapy resistance of PTX and CDDP
in LUAD through the EGFR/PI3K signal pathway.

To sum up, CDRI1-AS is highly expressed in LUAD and
is an independent biomarker of outcome in patients with
LUAD. EGFR-tyrosine kinase inhibitor treats squamous
cell carcinoma; however, the transformation details are not
clear (39). Therefore, the five miRNAs models may affect
the survival, outcome, and progression in patients with
ccRCC by regulating the expression of EGFR target genes.

We screened these five miRNAs target genes significantly
enriched in many tumor-related pathways, including the
Rapl signal pathway, the focal adhesion signal pathway, the
human papillomavirus infection signal pathway, and others.
These signaling pathways are involved in the occurrence,
development, and outcome of many human cancers,
including LUAD, RCC, cervical cancer, and melanoma
(40). Therefore, we have good reason to believe that signal
pathway regulation may play a vital role in the occurrence,
development, and outcome of ccRCC. Further molecular

© Translational Cancer Research. All rights reserved.
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research may provide new therapeutic targets for ccRCC
and significantly improve outcomes.
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Supplementary

Table S1 Details of the 211 differentially expressed miRNA (5p and 3p)

ID logFC logCPM P value FDR
hsa-miR-508-3p -4.41512 5.413246 4.16E-192 2.54E-189
hsa-miR-514a-3p -4.45607 5.079175 5.45E-178 1.66E-175
hsa-miR-506-3p -5.69499 0.832834 2.15E-175 4.38E-173
hsa-miR-514b-5p -6.14845 0.424175 1.54E-147 2.36E-145
hsa-miR-508-5p -4.75621 0.880042 1.12E-146 1.37E-144
hsa-miR-509-3p -3.12202 3.494482 6.00E-126 6.11E-124
hsa-miR-532-3p -2.10944 5.794167 7.52E-117 6.56E-115
hsa-miR-362-5p -2.76515 4.450584 5.72E-110 4.37E-108
hsa-miR-514a-5p -4.52753 0.103883 3.11E-102 2.11E-100
hsa-miR-509-3-5p -4.64926 0.492977 3.56E-95 2.18E-93
hsa-miR-500a-3p -1.64552 8.231923 9.53E-86 5.29E-84
hsa-miR-129-5p -3.80151 2.801683 2.18E-84 1.11E-82
hsa-miR-122-5p 6.290825 4.6078 4.11E-78 1.93E-76
hsa-miR-210-3p 3.023743 11.57961 6.61E-77 2.89E-75
hsa-miR-21-5p 2.161477 17.38855 3.81E-69 1.55E-67
hsa-miR-584-5p 2.110958 5.58817 6.67E-66 2.55E-64
hsa-miR-2355-5p 1.505262 5.98014 8.15E-66 2.93E-64
hsa-miR-155-5p 3.511719 9.227794 1.35E-63 4.57E-62
hsa-miR-188-5p -1.95731 1.601414 2.16E-63 6.96E-62
hsa-miR-3613-5p 1.706317 3.952337 4.97E-63 1.52E-61
hsa-miR-15a-5p 1.151676 7.150968 2.21E-62 6.43E-61
hsa-miR-429 -1.84396 5.251134 1.47E-60 4.09E-59
hsa-miR-363-3p -1.8448 3.810617 2.05E-59 5.45E-58
hsa-miR-106b-3p 1.835245 7.272737 3.86E-59 9.83E-58
hsa-miR-660-5p -1.64301 5.52689 3.19E-56 7.80E-55
hsa-miR-629-5p 1.488953 6.118677 1.44E-53 3.37E-52
hsa-miR-501-3p -1.4344 6.161541 1.08E-50 2.44E-49
hsa-miR-106b-5p 1.004535 7.232349 1.81E-49 3.96E-48
hsa-miR-16-5p 1.040015 9.405117 2.58E-49 5.44E-48
hsa-miR-200a-5p -1.45213 7.455254 1.03E-46 2.11E-45
hsa-miR-24-1-5p -1.10068 4.145971 1.58E-46 3.11E-45
hsa-miR-200b-5p -1.51615 2.66364 8.15E-45 1.56E-43
hsa-miR-125a-5p -1.03833 9.804129 3.40E-44 6.29E-43
hsa-miR-20b-3p -2.03004 1.157636 2.21E-43 3.97E-42
hsa-miR-200b-3p -1.53864 7.870788 3.93E-43 6.86E-42
hsa-miR-188-3p -1.90756 1.544814 6.10E-43 1.04E-41
hsa-miR-15b-3p 1.713333 417138 6.77E-43 1.12E-41
hsa-miR-224-5p 2.680866 4.92776 2.00E-41 3.13E-40
hsa-let-7e-5p -1.22762 10.27893 3.69E-41 5.64E-40
hsa-miR-203a-3p -1.94297 9.215537 7.76E-41 1.16E-39
hsa-miR-532-5p -1.24953 9.824622 7.75E-40 1.12E-38
hsa-miR-30c-2-3p -1.39904 7.683929 7.89E-40 1.12E-38
hsa-miR-592 3.052947 4.648306 6.41E-39 8.90E-38
hsa-miR-452-5p 1.949608 5.935839 2.05E-38 2.73E-37
hsa-miR-4772-3p 1.971355 2.08705 6.01E-38 7.82E-37
hsa-miR-142-3p 1.971639 11.47861 8.33E-38 1.06E-36
hsa-miR-500b-5p -1.29201 2.744404 6.36E-37 7.77E-36
hsa-miR-500a-5p -1.29154 2.745109 7.18E-37 8.52E-36
hsa-miR-1307-5p 1.617598 8.463794 7.25E-37 8.52E-36
hsa-miR-345-5p -1.05966 3.315226 1.69E-36 1.95E-35
hsa-miR-885-5p 3.630253 4.12189 4.77E-36 5.40E-35
hsa-miR-199a-5p -1.56101 8.347267 1.13E-35 1.25E-34
hsa-miR-149-5p -1.6216 3.609579 1.46E-35 1.59E-34
hsa-miR-200a-3p -1.30971 6.98991 6.08E-35 6.52E-34
hsa-miR-200c-3p -2.92717 8.789587 1.67E-34 1.76E-33
hsa-miR-125b-5p -1.1006 9.014175 6.15E-34 6.37E-33
hsa-miR-660-3p -1.89487 0.22105 1.28E-33 1.30E-32
hsa-miR-501-5p -1.25805 2.069447 3.84E-33 3.79E-32
hsa-miR-335-5p -1.6526 2.819448 6.80E-33 6.59E-32
hsa-miR-4677-3p 1.068395 2.83721 3.75E-32 3.53E-31
hsa-miR-342-5p 1.189491 3.307052 8.98E-32 8.19E-31
hsa-miR-181b-5p 1.223115 8.22807 3.98E-31 3.48E-30
hsa-miR-590-3p 1.172206 2.722793 5.67E-31 4.88E-30
hsa-miR-1-3p -1.73276 3.822392 6.60E-31 5.55E-30
hsa-miR-30a-3p -1.01293 15.28764 6.63E-31 5.55E-30
hsa-miR-142-5p 1.636557 5.872345 7.33E-31 6.05E-30
hsa-miR-452-3p 1.871127 2.498299 2.27E-30 1.85E-29
hsa-miR-502-3p -1.03345 3.791073 2.42E-30 1.95E-29
hsa-miR-93-5p 1.025274 11.35697 3.16E-30 2.51E-29
hsa-miR-21-3p 1.432232 10.27172 5.25E-30 4.11E-29
hsa-miR-216b-5p -3.40843 0.34826 7.77E-30 6.01E-29
hsa-miR-210-5p 2.312291 1.216532 1.38E-29 1.05E-28
hsa-miR-6509-5p 2.098918 1.1565247 3.57E-29 2.69E-28
hsa-miR-181b-3p 1.12666 4.41665 1.12E-28 8.31E-28
hsa-miR-16-1-3p 1.152644 2.054057 6.62E-28 4.81E-27
hsa-miR-16-2-3p 1.393551 2.893998 3.17E-27 2.28E-26
hsa-miR-203b-3p -2.58239 2.816316 3.32E-27 2.36E-26
hsa-miR-214-3p -1.59624 1.596411 6.03E-27 4.23E-26
hsa-miR-30b-5p -1.02962 9.373133 5.26E-26 3.61E-25
hsa-miR-342-3p 1.080601 7.044726 8.38E-26 5.69E-25
hsa-miR-199a-3p -1.22357 9.841839 9.62E-26 6.46E-25
hsa-miR-199b-3p -1.22383 9.838264 1.01E-25 6.73E-25
hsa-miR-369-5p -1.88826 0.952018 3.48E-25 2.29E-24
hsa-miR-30b-3p -1.39411 2.459142 5.04E-25 3.27E-24
hsa-miR-30c-1-3p -1.31851 0.963599 3.97E-24 2.50E-23
hsa-miR-138-5p -2.37149 1.582078 4.65E-24 2.90E-23
hsa-miR-155-3p 3.241118 0.599711 6.15E-24 3.80E-23
hsa-miR-1251-5p -2.26204 3.306502 6.34E-24 3.87E-23
hsa-miR-200c-5p -3.06857 0.734001 3.91E-23 2.27E-22
hsa-miR-184 -3.26636 1.920491 4.51E-23 2.60E-22
hsa-miR-129-2-3p -2.85948 0.344049 1.07E-22 6.12E-22
hsa-miR-20b-5p -1.2147 4.80892 1.25E-22 6.98E-22
hsa-miR-3615 2.005458 1.19799 1.56E-22 8.66E-22
hsa-miR-433-3p -1.6611 0.274844 2.53E-21 1.39E-20
hsa-miR-1270 1.707621 4.162233 3.78E-21 2.04E-20
hsa-miR-204-5p -1.58944 8.697337 3.95E-21 2.12E-20
hsa-miR-136-5p -1.29332 3.588187 4.30E-21 2.28E-20
hsa-miR-3130-5p 1.438 2.269466 6.55E-21 3.45E-20
hsa-miR-629-3p 1.19004 2.421853 9.36E-21 4.89E-20
hsa-miR-10a-5p -1.13882 15.29792 5.80E-20 2.97E-19
hsa-miR-214-5p -1.21988 2.700903 1.30E-19 6.57E-19
hsa-miR-4652-5p 3.250691 1.087114 1.33E-19 6.65E-19
hsa-miR-2355-3p 1.325174 2.073585 1.35E-19 6.71E-19
hsa-miR-1271-5p 1.296965 3.415852 3.24E-19 1.59E-18
hsa-miR-365a-3p 1.000561 5.944981 7.37E-19 3.59E-18
hsa-miR-365b-3p 1.000386 5.944924 7.40E-19 3.59E-18
hsa-miR-616-5p 1.320382 2.248758 1.30E-18 6.24E-18
hsa-miR-625-3p 1.052214 6.568394 1.98E-18 9.44E-18
hsa-miR-141-3p -2.41853 6.069687 2.92E-18 1.37E-17
hsa-miR-760 2.060748 0.702186 4.27E-18 1.98E-17
hsa-miR-154-5p -1.47595 1.300814 2.18E-17 9.95E-17
hsa-miR-144-5p 1.827479 8.534526 2.68E-17 1.21E-16
hsa-miR-2277-5p 1.412301 0.94632 3.61E-17 1.62E-16
hsa-miR-146a-5p 1.115037 6.480959 4.51E-17 2.01E-16
hsa-miR-144-3p 1.830422 4.575166 6.41E-17 2.82E-16
hsa-miR-502-5p -1.13328 0.617121 1.08E-16 4.66E-16
hsa-miR-130b-3p 1.011428 2.552073 2.39E-16 1.02E-15
hsa-miR-4772-5p 1.937542 0.431446 2.72E-16 1.14E-15
hsa-miR-376a-5p -1.62788 0.233338 3.75E-16 1.56E-15
hsa-miR-136-3p -1.18689 1.580474 7.93E-16 3.25E-15
hsa-miR-127-3p -1.12312 7.036862 8.33E-16 3.39E-15
hsa-miR-3065-3p -1.40963 4.799144 8.86E-16 3.59E-15
hsa-miR-5586-5p 1.369763 1.794152 9.51E-16 3.82E-15
hsa-miR-550a-3p 1.253745 1.322031 1.58E-15 6.29E-15
hsa-miR-146b-5p 1.457793 9.281588 7.28E-15 2.78E-14
hsa-miR-323b-3p -1.44306 1.743192 9.49E-15 3.58E-14
hsa-miR-585-3p -1.24241 0.593379 1.09E-14 4.06E-14
hsa-miR-875-5p 4.094548 0.583571 1.83E-14 6.79E-14
hsa-miR-215-5p 1.636576 6.265013 3.63E-14 1.34E-13
hsa-miR-411-5p -1.34321 1.238142 3.79E-14 1.39E-13
hsa-miR-135a-5p -1.56185 4.160511 4.88E-14 1.78E-13
hsa-miR-500b-3p -1.0346 0.887281 5.47E-14 1.98E-13
hsa-miR-10a-3p -1.06898 1.799376 7.47E-14 2.67E-13
hsa-miR-497-3p 1.387597 0.959278 1.60E-13 5.58E-13
hsa-miR-217-5p -1.52944 5.857554 1.99E-13 6.89E-13
hsa-miR-33a-5p -1.12943 3.521216 2.12E-13 7.31E-13
hsa-miR-675-3p -1.67504 5.970005 4.44E-13 1.50E-12
hsa-miR-4746-5p 1.376978 0.766012 5.41E-13 1.82E-12
hsa-miR-34a-3p 1.393926 0.662161 6.22E-13 2.07E-12
hsa-miR-3678-5p 1.76708 0.398443 7.00E-13 2.30E-12
hsa-miR-33b-5p 1.388832 1.665026 2.18E-12 6.89E-12
hsa-miR-133a-3p -1.08461 2.980396 2.29E-12 7.20E-12
hsa-miR-122b-5p 2.113649 0.173199 2.49E-12 7.80E-12
hsa-miR-374c-5p 2.796941 1.778592 3.51E-12 1.09E-11
hsa-miR-486-3p 1.557782 0.95884 5.33E-12 1.64E-11
hsa-miR-153-5p 1.219297 3.300787 6.81E-12 2.08E-11
hsa-miR-503-3p 1.05705 2.184777 1.80E-11 5.46E-11
hsa-miR-451a 1.450631 10.16553 1.89E-11 5.72E-11
hsa-miR-5588-3p 1.565986 0.493979 1.91E-11 5.75E-11
hsa-miR-599 3.389093 0.507468 5.06E-11 1.51E-10
hsa-miR-204-3p -1.05222 2.317921 1.67E-10 4.91E-10
hsa-miR-224-3p 1.027638 2.088821 2.94E-10 8.57E-10
hsa-miR-18a-3p 1.114034 0.559706 3.67E-10 1.06E-09
hsa-miR-320d 1.194257 0.671067 4.21E-10 1.21E-09
hsa-miR-146b-3p 1.069393 6.237534 5.00E-10 1.42E-09
hsa-miR-618 1.371462 1.082832 9.11E-10 2.58E-09
hsa-miR-199b-5p -1.37086 3.550328 1.17E-09 3.25E-09
hsa-miR-3614-5p 1.445373 0.186613 1.69E-09 4.60E-09
hsa-miR-653-5p 1.37118 6.927625 1.79E-09 4.83E-09
hsa-miR-1228-5p 1.616092 0.090298 2.32E-09 6.21E-09
hsa-miR-4999-5p 1.356393 0.433236 3.66E-09 9.59E-09
hsa-miR-3065-5p -1.20006 1.692729 5.02E-09 1.30E-08
hsa-miR-1228-3p 1.403027 0.124618 7.86E-09 1.99E-08
hsa-miR-937-3p 1.266586 0.416724 8.02E-09 2.02E-08
hsa-miR-141-5p -1.84431 4.956369 8.12E-09 2.04E-08
hsa-miR-874-5p -1.19288 0.385891 8.22E-09 2.06E-08
hsa-miR-7978 1.464616 0.107231 1.15E-08 2.83E-08
hsa-miR-4784 2.57545 0.15122 1.51E-08 3.68E-08
hsa-miR-486-5p 1.160634 7.982151 1.86E-08 4.49E-08
hsa-miR-221-3p 1.13002 7.091261 1.89E-08 4.54E-08
hsa-miR-3690 1.8377797 0.451401 6.55E-08 1.52E-07
hsa-miR-124-3p -1.28609 0.118514 6.97E-08 1.61E-07
hsa-miR-1295a 1.255431 0.567978 7.08E-08 1.63E-07
hsa-miR-5480-3p 1.180773 0.132384 9.48E-08 2.16E-07
hsa-let-7f-2-3p 1.055887 0.293237 1.21E-07 2.74E-07
hsa-miR-4536-3p 1.11809 0.181892 1.74E-07 3.91E-07
hsa-miR-891a-5p 3.98715 9.867923 3.71E-07 8.06E-07
hsa-miR-323a-3p -1.16608 1.195684 4.93E-07 1.06E-06
hsa-miR-377-5p -1.03781 0.195474 5.20E-07 1.12E-06
hsa-miR-7702 1.458714 0.966919 5.30E-07 1.14E-06
hsa-miR-3609 2.249688 0.644661 5.93E-07 1.26E-06
hsa-miR-133b -1.09755 0.50359 6.69E-07 1.42E-06
hsa-miR-6854-5p 1.291027 0.166834 7.38E-07 1.56E-06
hsa-miR-7110-3p 1.238384 0.214961 8.62E-07 1.81E-06
hsa-miR-3677-5p 1.058498 0.227444 1.45E-06 3.02E-06
hsa-miR-4454 2.223866 0.018764 1.50E-06 3.07E-06
hsa-miR-3922-3p 1.06843 0.211749 1.55E-06 3.17E-06
hsa-miR-301b-3p 1.066987 0.233222 2.42E-06 4.80E-06
hsa-miR-2114-3p 1.340962 0.539001 3.50E-06 6.84E-06
hsa-miR-134-3p -1.0488 0.119063 3.58E-06 6.96E-06
hsa-miR-935 1.07756 1.050605 4.29E-06 8.33E-06
hsa-miR-4484 -1.21433 0.473726 6.26E-06 1.21E-05
hsa-miR-31-5p -1.08733 3.398761 6.73E-06 1.28E-05
hsa-miR-6718-5p 1.468608 1.446758 7.66E-06 1.44E-05
hsa-miR-146a-3p 1.741834 0.998127 1.25E-05 2.30E-05
hsa-miR-187-3p -1.16535 4.394467 1.65E-05 3.02E-05
hsa-miR-653-3p 1.105535 1.932514 1.94E-05 3.50E-05
hsa-miR-3614-3p 1.00006 0.079271 2.96E-05 5.25E-05
hsa-miR-218-1-3p -1.10627 0.435871 3.18E-05 5.64E-05
hsa-miR-891b 3.500125 2.704208 3.38E-05 5.96E-05
hsa-miR-1269b 2.864185 4.45106 4.17E-05 7.32E-05
hsa-miR-892¢c-3p 3.162622 0.67983 4.34E-05 7.59E-05
hsa-miR-892b 3.305827 1.315177 5.11E-05 8.86E-05
hsa-miR-216a-5p -1.01609 1.018665 6.01E-05 0.000103
hsa-miR-888-5p 3.350973 2.501644 7.44E-05 0.000126
hsa-miR-892a 3.303088 3.355059 0.000126 0.00021
hsa-miR-1269a 1.967969 7.873709 0.000195 0.000315
hsa-miR-206 -1.2566 2.055699 0.000938 0.001391
hsa-miR-802 1.5631271 0.622251 0.001149 0.0017
hsa-miR-137-3p 1.728547 0.399787 0.002119 0.003026
hsa-miR-205-5p -1.0963 3.379588 0.002604 0.003708




