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Abstract. Cancer cells alter the metabolic pathways that are feasible for their 

growth and development. Clear cell renal cell carcinoma, which is characterized by 

loss or mutation of VHL gene, which promotes cell invasiveness. The global 

incidence rate of kidney cancer was 319,016 in 2020. MicroRNAs are 21–23nt 

long, conserved and non-coding molecules, involved in gene expression regulation 

by RNA silencing and post-transcriptional gene regulation. It has been reported 

that microRNA dysregulation is associated with clear cell renal cell carcinoma 

along with various human cancers such as breast cancer, colorectal cancer, ovarian 

cancer and hepatocellular carcinoma. However, the aim of this study was to 

identify microRNAs that are differentially expressed between normal kidney tissue 

and clear cell renal cell carcinoma samples. For this research, a publicly available 

microRNA dataset was retrieved from ArrayExpress, followed by preprocessing. 

Mapping, identification of known and novel microRNAs, and quantification were 

executed using miRDeep2 to perform differential expression analysis using DESeq 

R/Bioconductor package. Target identification and functional enrichment analysis 

were conducted using GeneCodis4. In total 2656 microRNAs were found to be 

differentially expressed, among which upregulated and downregulated microRNAs 

were 229 and 302 respectively. This study identifies five microRNAs that were 

significantly related to clear cell renal cell carcinoma, along with a novel set of five 

microRNAs that have not been investigated previously for clear cell renal cell 

carcinoma.  
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INTRODUCTION 

Kidney cancer (KC), also termed as renal cancer, is a metabolic disease which 

encompasses different types of cancer [1]. Each type of cancer is caused by a different gene 

with different responses to therapies [2]. The cells in the kidney become cancerous and grow 

out of control. Almost 90 % of KCs start in the lining of tiny tubules. These tubules function 

as a filter that cleans waste substances from blood and returns the required materials [3]. The 

exact cause of KC is unknown but multiple factors can contribute to its incidence such as high 

BP, long-term dialysis, older age and family history of KC [4]. According to GLOBOCAN 

2020 global cancer statistics, the estimated incidence rate of kidney cancer was 319,016 

worldwide. The KC incidence rate has been reported higher in Asia with a percentage of 

37.6 % cases, followed by Europe with 31.2 % cases [5].  
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There are multiple types of KCs based on the location of their occurrence in kidneys such 

as wilms tumor, renal sarcoma, urothelial carcinoma, renal lymphoma and acute renal failure. 

Renal cell carcinoma (RCC), a prevalent type of KC, develops in the proximal renal tubules. 

These tubules function in filtering the nutrients and return them back to blood. One of the 

predominant type of RCC is, Clear cell renal cell carcinoma (ccRCC) [6]. It characterizes the 

disruption of the VHL gene that encodes for pVHL. This protein is crucial for exposing 

transcription factors that are involved in response to hypoxia. Absence of pVHL disrupts 

glycolysis, angiogenesis and lipolysis. Loss of VHL also promotes cell invasiveness, a 

phenomenon important in tissue development. But increase in cell invasiveness leads to onset 

of RCC [7].  

Micro RNA (miRNA), a small non-coding RNA (21–23 nt), involves in RNA silencing 

and post transcriptional gene regulation. It functions by suppressing the target expression 

through translational inhibition or mRNA destabilization [8]. MiRNAs suppress cellular 

processes such as cell migration, differentiation, cell cycle regulation and apoptosis by 

regulating genes performing these processes. It has been reported that overexpression of 

miRNA results in diverse human cancers such as b-cell lymphomas, lung cancer and renal 

cancer and functions as tumor suppressor or oncogenes [9]. According to published reports, 

upregulation of adhesion molecules such as cell adhesion molecule M2 (CADM2) results in 

tumor suppression and inhibition of ccRCC metastasis. But overexpression of certain 

miRNAs for example miRNA-146a counteract these functions by promoting cell proliferation 

and tumor growth [10]. Studying miRNAs is crucial as it helps to recognize the potential 

targets such as CADM2 that are suppressed in tumor progression [11].  

Differential expression analysis (DEA) enables us to identify quantitative changes in 

expression levels across experimental conditions by applying statistical analysis [12]. In this 

study, we have identified miRNAs that are differentially expressed (DE) in ccRCC 

individuals as compared to normal, using integrative pathway analysis approach. These DE 

miRNAs will provide further insights in identifying targets that are suppressed due to miRNA 

binding. Moreover, the disrupted functional roles of miRNAs involved in essential metabolic 

and signaling pathways are also identified which may result in ccRCC development and 

progression. 

MATERIALS AND METHODS 

The overall workflow of this study includes the preprocessing of the miRNA datasets 

followed by their mapping on the reference genome. Then the mapped reads were quantified 

followed by miRNA DEA. The miRNA-mRNA targets were predicted using different 

databases to identify the target genes that are deregulated by miRNAs in ccRCC. 

Data collection 

The selection criteria that was applied to obtain the datasets was that the dataset must be 

from the origin of Homo sapiens and not from a cell-line study. Moreover, the samples were 

taken from the renal tumor tissues from the patients. For the analysis, miRNA dataset E-

GEOD-24457 was selected and retrieved from ArrayExpress database. The dataset is based on 

the above criteria and consists of 20 samples including 10 renal tumor and 10 normal renal 

samples.  

Data preprocessing and mapping  

Preprocessing and quality assessment of datasets is an important step for analysis because 

it ensures the quality of data being analyzed. FastQC (v0.11.9) software was used with default 

parameters to assess the quality of the raw data [13]. To trim the reads containing low-quality 

adapters and primers, fastp (v0.20.1) was used [14]. The trimming of PCR primers indicated 

by FastQC in overrepresented sequences, a FASTA file containing the primer sequences was 
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used as input for fastp. Filtered reads were generated with the following options: -w 14 --

adapter_fasta –i, in which ‘–w’ denotes number of threads (based on cpu cores), ‘–

adapter_fasta’ represents the FASTA file containing primer sequences and ‘-i’ indicates the 

file containing raw reads. The filtered reads were then again assessed by FastQC to generate 

quality reports for individual samples.  

Mapping of trimmed reads against the reference genome of Homo sapiens (GRCh38) was 

performed using the perl script (mapper.pl) of miRDeep2 (v0.0.7) package [15]. The 

mapper.pl script was implemented with a configuration file containing the accession number 

of all samples in a dataset, reference genome and trimmed reads. The script was executed with 

the following parameters: ‘-o’ (denotes the cpu cores), ‘-e’ (specifies that input file is in fastq 

format), ‘-u’ (specifies to not remove directory with temporary files), ‘-h’ (represents that file 

containing raw reads is converted to FASTA format), ‘-m’ (indicates collapsed reads), ‘-p’ 

(denotes map to genome), ‘-s’ (specifies the file containing processed reads), ‘-t’ (denotes a 

file containing read mappings), ‘-v’ (outputs progress report). This results in generation of 

counts, source and genomic location of the mapped reads. 

Novel miRNAs and quantification 

The miRDeep2 was then used to find the novel and known miRNAs using the Perl script 

miRDeep2.pl. The script accepted the collapsed reads, reference genome, miRNA hairpin and 

mature miRNA FASTA sequences as input. These miRNA sequences were retrieved from 

miRBase database and the collapsed reads were generated by the mapping function [16]. 

Furthermore the quantification of expressed novel and known miRNAs was performed by 

miRDeep2 ‘quantifier.pl’ script applying the parameters –p, -m, -r, -k.  

Differential expression analysis of miRNA 

For DE analysis between ccRCC and normal samples, the quantification script 

miRDeep2.pl generated raw counts that were then supplied to the DESeq R/Bioconductor 

package (v1.36.0) for DEA [17]. Only those miRNA were considered for differential 

expression that had a read count > 1. The miRNAs having p-value < 0.05 and logFC > 1.5 

were regarded as upregulated. Whereas the miRNAs that have p-value < 0.05 and  

logFC < –1.5 were regarded as downregulated.  

Target identification and functional enrichment analysis 

To identify target genes of DE miRNAs, GeneCodis4 was used to perform functional and 

pathway enrichment analysis [18]. Both up and down regulated DE miRNAs were analyzed 

separately. The following parameters were used; organism: Homo sapiens, input type: 

miRNAs, annotations: gene ontology (GO) biological processes (BP), molecular functions 

(MF), and cellular components (CC) and KEGG pathways. 

RESULTS 

Identification of differentially expressed miRNAs 

DEA of miRNAs between ccRCC and normal kidney tissues identified 2656 DE miRNAs 

between ccRCC tissues and normal kidney tissues (see Supplementary Data). The miRNAs 

with p-value < 0.05 and logFC > 1.5 were regarded as biologically and statistically 

upregulated which can be seen on right side of plot, whereas the miRNAs that have p-

value < 0.05 and logFC < –1.5 were regarded as biologically and statistically downregulated 

which can be seen on left side of plot (Fig. 1). Through DEA, a total of 229 miRNAs were 

identified to be upregulated and 302 were downregulated. The top 10 upregulated DE 

miRNAs include miR-140-5p, miR-126-3p, miR-28-5p, miR-20a-5p, miR-671-5p, miR-186-

5p, miR-627-5p, miR-338-5p, miR-30e-3p and miR-148b-5p (Table 1). The top 10 
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downregulated DE miRNAs include miR-424-3p, miR-107, miR-23b-5p, miR-499a-5p, miR-

23a-3p, miR-128-3p, miR-7977, miR-29c-3p, miR-5100 and miR-4454 (Table 2).  

 

 

Fig. 1. Volcano plot for DE miRNAs. Red dots denote up (right) and down (left) regulated miRNAs that 

satisfy both p-value and log fold change criteria.  

 

 

Table 1. Top 10 differentially expressed upregulated miRNAs 

miRNA log2FoldChange P-value Expression 

hsa-miR-140-5p 5.612253312 4.88872E-67 UP 

hsa-miR-126-3p 5.61375639 1.3006E-56 UP 

hsa-miR-28-5p 2.88638036 2.26721E-46 UP 

hsa-miR-20a-5p 4.323956821 1.34443E-42 UP 

hsa-miR-671-5p 6.266454999 3.67931E-41 UP 

hsa-miR-186-5p 2.580562291 3.05002E-39 UP 

hsa-miR-627-5p 8.441878711 1.72938E-34 UP 

hsa-miR-338-5p 5.224312237 4.49552E-34 UP 

hsa-miR-30e-3p 4.077981328 3.33015E-32 UP 

hsa-miR-148b-5p 3.514167426 7.74935E-29 UP 
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Table 2. Top 10 differentially expressed downregulated miRNAs 

miRNA log2FoldChange P-value Expression 

hsa-miR-424-3p –4.47683984052579 3.72195464741585E-61 DOWN 

hsa-miR-107 –4.56520292971511 5.5248103769753E-44 DOWN 

hsa-miR-23b-5p –5.95164357592996 9.32979678736071E-41 DOWN 

hsa-miR-499a-5p –4.30643073610292 6.19834981755236E-34 DOWN 

hsa-miR-23a-3p –3.86905990881505 4.80853405680148E-33 DOWN 

hsa-miR-128-3p –4.50376327092788 2.26977682372693E-29 DOWN 

hsa-miR-7977 –7.05724838455682 2.89562981694772E-27 DOWN 

hsa-miR-29c-3p –3.12747616185782 7.03057496255659E-26 DOWN 

hsa-miR-5100 –5.33632951501035 3.76528338251652E-25 DOWN 

hsa-miR-4454 –4.51517043387918 1.34994451445754E-23 DOWN 

Gene ontology analysis 

Both up and down regulated DE miRNAs were subjected to GO enrichment analysis. This 

analysis helps in determination of BP, MF and CC that might be impacted due to change in 

miRNA expression and subsequent dysregulation of genes. As indicated in Figure 2 and Table 

3, the biological processes upregulated by DE miRNAs were primarily enriched in negative 

regulation of cell cycle G1/S phase transition (gene ratio: 41/114), positive regulation of cell 

death (gene ratio: 39/103), cellular response to amyloid-beta (gene ratio: 51/154), ubiquitin-

dependent protein catabolic process (gene ratio: 38/105), autophagic cell death (gene ratio: 

17/29) and cytoplasm sequestering of transcription factor (gene ratio: 11/17). These findings 

indicates that the upregulation of miRNA suppresses the genes involved in processes such as 

apoptosis, change in cellular activity, protein breakdown and cell death that results in cancer 

progression due to downregulation of subsequent genes. Whereas downregulated DE 

miRNAs were enriched in immune response (gene ratio: 51/210), cell-cell junction 

organization (gene ratio: 18/55), positive regulation of leukocyte adhesion to vascular 

endothelial cell (gene ratio: 18/55), regulation of modification of postsynaptic actin 

cytoskeleton (gene ratio: 8/16), DNA replication (gene ratio: 21/63), ossification involved in 

bone maturation (gene ratio: 9/18) and other processes that are involved in inflammatory 

response, cell proliferation and regulation of protein complexes are significantly related to 

tumorigenesis because of expression of genes involved in BP due to downregulation of 

miRNA (Figure 3, Table 4). Through molecular function enrichment of upregulated DE 

miRNAs (Figure 4, Table 5), tau protein kinase activity (gene ratio: 21/45), growth factor 

activity (gene ratio: 55/180), protein kinase binding (gene ratio: 93/369), transcription 

coregulator binding (gene ratio: 47/150) and DNA (cytosine-5- )-methyl transferase activity 

(gene ratio: 15/33) indicated that they may have cancer development and progression related 

functions because of dysregulation of proteins involved in cell growth and development. 

Alternatively, molecular function enrichment of downregulated DE miRNAs shows 

transforming growth factor beta receptor binding (gene ratio: 17/60), SUMO activating 

enzyme activity (gene ratio: 1/1), prostaglandin E receptor activity (gene ratio: 2/4), G rich 
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strand telomeric DNA binding (gene ratio: 3/7) and bicarbonate transmembrane transporter 

activity (gene ratio: 3/8) that indicates cancer progression and development by cell 

proliferation and membrane receptor disruption through regulation of gene by miRNA 

downregulation (Figure 5, Table 6). The upregulated DE miRNAs of cellular component 

(Figure 6, Table 7) were chiefly enriched in BIM-BCL-2 complex (gene ratio: 14/23), Cul4A-

RING E3 ubiquitin ligase complex (gene ratio: 13/20), BIM-BCL-xl complex (gene ratio: 

14/23), actin filament (gene ratio: 26/61), autophagosome (gene ratio: 22/52), microtubule 

(gene ratio: 34/104) and ubiquitin ligase complex (gene ratio: 23/55). This indicates disrupted 

apoptosis due to upregulated miRNA suppression that causes dysregulation of mitochondrial 

outer membrane permeabilization, which makes it unable to activate caspases that are primary 

effectors during apoptosis. In addition, the upregulation of miRNA results in initiation and 

progression of cancer because of unrepaired DNA damage due to dysregulated DNA repair 

and protein degradation. On contrary, the downregulated DE miRNAs of cellular components 

were mainly enriched in extracellular vesicles (gene ratio: 16/39), golgi lumen (gene ratio: 

22/83), endoplasmic reticulum membrane (gene ratio: 57/258), cytosol (gene ratio: 116/576) 

and endoplasmic reticulum (ER) chaperone complex (gene ratio: 5/10) (Figure 7, Table 8). 

The results suggested that miRNA downregulation causes gene expression involved in 

delivering bioactive molecules to tumor and tumor associated cells. Furthermore this 

downregulation results in unfolded protein response (UPR) which is both apoptotic and 

adaptive in tumor cells. In addition, activation of ER chaperones that maintain ER 

homeostasis, contributes to cancer cell survival and progression in ccRCC. 

 

 

 

Fig. 2. GO biological processes upregulated by DE miRNAs. Barchart plot of top 10 BP in ccRCC vs. 

Normal. The x-axis is the –log10 (adjusted p-value) while the gene number for each BP is represented on 

y-axis. It represents negative regulation of cell cycle, cellular response to amyloid beta, ubiquitin-

dependent protein catabolism and positive regulation of cell death as significant BP.  

 

 

 

 

 



HAMOODE et al. 

344 

Mathematical Biology and Bioinformatics. 2022. V. 17. № 2. doi: 10.17537/2022.17.338 

Table 3. GO analysis of BP of upregulated DE miRNAs according to GeneCodis4  

(p-value < 0.05) 

Biological pathway 

No. of 

genes 

predicted 

Total gene 

count 
P-value Important miRNAs 

positive regulation of cell 

death 
39 103 6.52E-06 

miR-301a-3p, miR-218-5p, 

miR-143-3p, miR-301b-3p,  

miR-501-5p, miR-146a-5p 

autophagic cell death 17 29 0.0001397 

miR-19a-3p, miR-218-5p, miR-

155-5p, miR-196a-5p, miR-20a-

5p, miR-93-5p  

negative regulation of 

epithelial cell proliferation 

involved in prostate gland 

development 

14 21 3.92E-06 

miR-148a-5p, miR-218-5p, 

miR-196a-5p, miR-93-5p, miR-

378b, miR-155-5p  

negative regulation of cell 

cycle G1/S phase transition 
41 114 0.081767 

miR-425-5p, miR-34c-5p, miR-

218-5p, miR-146a-5p, miR-

141-3p, miR-340-5p 

positive regulation of 

autophagy in response to ER 

overload 

14 23 1.87E-05 

miR-301b-3p, miR-10b-5p, 

miR-9-5p, miR-301a-3p, miR-

423-3p, miR-32-5p 

cellular response to amyloid-

beta 
51 154 1.68E-05 

miR-378a-3p, miR-143-3p, 

miR-28-5p, miR-501-5p, miR-

218-5p, miR-146a-5p 

post-embryonic animal organ 

morphogenesis 
14 23 1.87E-05 

miR-32-5p, miR-301b-3p, miR-

301a-3p, miR-423-3p, miR-

10b-5p, miR-9-5p  

ubiquitin-dependent protein 

catabolic process 
38 105 3.22E-05 

miR-340-5p, miR-143-3p, miR-

429, miR-146a-5p, miR-141-3p, 

miR-10a-3p  

meiosis I 16 30 4.47E-05 

miR-32-5p, miR-301b-3p, miR-

10b-5p,  miR-301a-3p, miR-

423-3p, miR-9-5p  

cytoplasmic sequestering of 

transcription factor 
11 17 7.33E-05 

miR-381-3p, miR-378a-3p, 

miR-196a-5p, miR-141-3p, 

miR-126-3p, miR-20a-5p  
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Fig. 3. GO biological processes downregulated by DE miRNAs. Barchart plot of top 10 BP in ccRCC vs. 

Normal. The x-axis is the – log10 (adjusted p-value) while the gene number for each BP is represented on 

y-axis. It represents positive regulation of leukocyte adhesion to vascular endothelial cells, immune 

response and DNA replication as significant BP.  

 

 

Fig. 4. GO molecular functions upregulated by DE miRNAs. Barchart plot of top 10 MF in ccRCC vs. 

Normal. The x-axis is the – log10 (adjusted p-value) while the gene number for each MF is represented on 

y-axis. It represents protein kinase binding, growth factor activity, transcription coregulator binding and 

protein kinase inhibitor activity as significant MF. 



HAMOODE et al. 

346 

Mathematical Biology and Bioinformatics. 2022. V. 17. № 2. doi: 10.17537/2022.17.338 

 

Table 4. GO analysis of BP of downregulated DE miRNAs according to GeneCodis4  

(p-value < 0.05) 

Biological pathway 

No. of 

genes 

predicted 

Total gene 

count 
P-value Important miRNAs 

immune response 51 210 0.005923256 miR-150-5p, miR-30d-5p, miR-

346, miR-935, miR-31-5p, miR-

433-3p 

cell-cell junction 

organization 

18 55 0.005478737 miR-29a-3p, miR-30d-5p, miR-

424-5p, miR-185-5p, miR-92b-

3p, miR-130a-3p 

succinate metabolic process 3 3 0.006049045 miR-210-3p, miR-31-3p, miR-

29a-3p  

regulation of hepatocyte 

growth factor receptor 

signaling pathway 

3 3 0.006049045 miR-362-3p, miR-122-5p, miR-

210-3p  

regulation of modification of 

postsynaptic actin 

cytoskeleton 

8 16 0.003598655 miR-133b, miR-31-5p, miR-

185-5p, miR-31-3p, miR-101-

3p, miR-490-3p 

ossification involved in bone 

maturation 

9 18 0.001978222 miR-133b, miR-214-3p, miR-

31-5p, miR-185-5p, miR-31-3p, 

miR-101-3p  

trabecula morphogenesis 8 16 0.003598655 miR-490-3p, miR-31-5p, miR-

101-3p, miR-185-5p, miR-31-

3p, miR-133b  

DNA replication 21 63 0.002014084 miR-424-5p, miR-31-5p, miR-

150-5p, miR-185-5p, miR-29c-

3p, miR-29a-3p 

negative regulation of 

protein tyrosine phosphatase 

activity 

4 5 0.004662228 miR-424-3p, miR-30d-5p, miR-

222-3p, miR-128-3p,  

positive regulation of 

leukocyte adhesion to 

vascular endothelial cell 

18 55 0.005478737 miR-23b-3p, miR-31-3p, miR-

31-5p, miR-185-5p, miR-130a-

3p, miR-222-3p 
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Table 5. GO analysis of MF of upregulated DE miRNAs according to GeneCodis4  

(p-value < 0.05) 

Biological pathway 

No. of 

genes 

predicted 

Total gene 

count 
P-value Important miRNAs 

tau-protein kinase 

activity 

21 45 0.054101516 miR-9-5p, miR-340-5p, miR-

501-5p, miR-146a-5p, miR-

126-3p, miR-616-5p 

growth factor activity 55 180 0.067552757 miR-378a-3p, miR-28-5p, 

miR-146a-5p, miR-218-5p, 

miR-143-3p, miR-501-5p  

tau protein binding 31 84 0.067552757 miR-340-5p, miR-425-5p, 

miR-34c-5p, miR-501-5p, 

miR-146a-5p, miR-126-3p 

transcription coregulator 

binding 

47 150 0.08390144 miR-378a-3p, miR-126-3p, 

miR-218-5p, miR-580-3p, 

miR-141-3p, miR-34c-5p  

Toll-like receptor 

binding 

9 14 0.113217276 miR-149-5p, miR-143-3p, 

miR-19a-3p, miR-146a-5p, 

miR-155-5p, miR-21-5p 

guanyl-nucleotide 

exchange factor activity 

19 45 0.115962 miR-429, miR-501-5p, miR-

126-3p, miR-146a-5p, miR-

141-3p, miR-10b-5p 

 

protein kinase binding 93 369 0.126475091 miR-501-5p, miR-425-5p, 

miR-28-5p, miR-378a-3p, 

miR-218-5p, miR-143-3p 

DNA (cytosine-5-)-

methyltransferase 

activity 

15 33 0.126922004 miR-20a-5p, miR-143-3p, 

miR-301b-3p, miR-126-3p, 

miR-429, miR-30c-5p 

protein kinase inhibitor 

activity 

32 95 0.126922004 miR-423-3p, miR-218-5p, 

miR-196a-5p,  miR-28-5p, 

miR-146a-5p, miR-34c-5p 

TIR domain binding 4 4 0.155628884 miR-155-5p, miR-203a-3p, 

miR-149-5p, miR-21-5p  
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Fig. 5. GO molecular functions downregulated by DE miRNAs. Barchart plot of top 10 MF in ccRCC vs. 

Normal. The x-axis is the – log10 (adjusted p-value) while the gene number for each MF is represented on 

y-axis. It represents transforming growth factor beta receptor binding as significant MF.  
 

Table 6. GO analysis of MF of downregulated DE miRNAs according to GeneCodis4  

(p-value < 0.05) 

Biological Pathway 
Genes 

predicted 

Total gene 

count 
P-value Important miRNAs 

transforming growth 

factor beta receptor 

binding 

17 60 0.032703529 miR-144-3p, miR-92b-3p, 

miR-424-5p, miR-130a-3p, 

miR-675-5p, miR-185-5p   

amylin binding 4 12 0.162775111 miR-7d-5p, miR-144-3p, 

miR-130a-3p, miR-101-3p  

galactosyltransferase 

activity 

1 1 0.183908046 miR-124-3p 

bicarbonate 

transmembrane 

transporter activity 

3 8 0.167719684 miR-101-3p, miR-433-3p, 

miR-144-3p  

SUMO activating enzyme 

activity 

1 1 0.183908046 miR-133a-3p 

prostaglandin E receptor 

activity 

2 4 0.156127606 miR-21-3p, miR-101-3p  

G-rich strand telomeric 

DNA binding 

3 7 0.120476441 miR-30a-5p, miR-23a-3p, 

miR-124-3p  

procollagen-proline 4-

dioxygenase activity 

2 3 0.088615821 miR-210-3p, miR-122-5p  

monocarboxylic acid 

transmembrane 

transporter activity 

2 4 0.156127606 miR-376a-3p, miR-124-3p  

cytochrome-b5 reductase 

activity, acting on 

NAD(P)H 

1 1 0.183908046 miR-214-3p 
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Fig. 6. GO cellular components upregulated by DE miRNAs. Barchart plot of top 10 CC in ccRCC vs. 

Normal. The x-axis is the – log10 (adjusted p-value) while the gene number for each CC is represented on 

y-axis. It represents microtubule, actin filament, ubiquitin ligase complex and extrinsic component of 

membrane as significant CC. 

 

 

 

Fig. 7. GO cellular components downregulated by DE miRNAs. Barchart plot of top 10 CC in ccRCC vs. 

Normal. The x-axis is the –log10 (adjusted p-value) while the gene number for each CC is represented on 

y-axis. It represents cytosol and endoplasmic reticulum membrane as significant CC. 
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Table 7. GO analysis of CC of upregulated DE miRNAs according to GeneCodis4  

(p-value < 0.05) 

Biological 

Pathway 

Genes 

predicted 

Total gene 

count 
P-value Important miRNAs 

BIM-BCL-2 complex 14 23 0.03734 miR-32-5p, miR-301b-3p, miR-10b-

5p, miR-301a-3p, miR-423-3p, miR-

9-5p 

Cul4A-RING E3 

ubiquitin ligase 

complex 

13 20 1.42E-05 miR-452-5p, miR-218-5p, miR-155-

5p, miR-196a-5p, miR-9-5p, miR-

148a-5p 

BIM-BCL-xl 

complex 

14 23 0.03734 miR-32-5p, miR-301b-3p, miR-10b-

5p, miR-301a-3p, miR-423-3p, miR-

9-5p 

actin filament 26 61 3.09E-05 miR-196a-5p, miR-218-5p, miR-141-

3p, miR-143-3p, miR-146a-5p, miR-

126-3p 

autophagosome 22 52 0.000161028 miR-30c-5p, miR-143-3p, miR-9-5p, 

miR-301a-3p, miR-30e-5p, miR-20a-

5p, miR-93-5p  

ubiquitin ligase 

complex 

23 55 0.000138849 miR-125a-3p, miR-218-5p, miR-20a-

5p, miR-146a-5p, miR-30e-5p, miR-

338-5p 

extrinsic component 

of membrane 

23 57 0.000268503 miR-10b-5p, miR-146a-5p, miR-

196a-5p, miR-301b-3p, miR-301a-3p, 

miR-423-3p  

stereocilium 10 17 0.000507677 miR-96-5p, miR-126-3p, miR-93-5p, 

miR-301a-3p, miR-493-3p, miR-155-

5p 

microtubule 34 104 0.001029684 miR-301a-3p, miR-218-5p, miR-34c-

5p, miR-143-3p, miR-146a-5p, miR-

301b-3p 

autophagosome 

membrane 

13 27 0.000947843 miR-155-5p, miR-143-3p, miR-20a-

5p, miR-301a-3p, miR-9-5p, miR-93-

5p 

 

KEGG pathways analysis of the upregulated and downregulated genes 

The DE miRNAs were analyzed using GeneCodis4 for the prediction of KEGG pathways 

to identify disrupted biological pathways that are affected by the miRNA suppression of target 

genes. As shown in (Figure 8), the upregulated miRNAs such as miR-378a-3p, miR-218-5p, 

miR-425-5p, miR-501-5p and miR-141-3p were enriched in T-cell receptor signaling 

pathway, Yersinia infection, chemokine signaling pathway, shigellosis, Th1 and Th2 cell 

differentiation and IL-17 signaling pathway (Table 9). This suggests that upregulation of 

miRNA suppresses these pathways that are mainly involved in immune response and certain 

infections and results in ccRCC progression. Whereas miRNAs that were downregulated such 

as miR-487-3p, miR-30d-5p, miR-495-3p, miR-31-5p and miR-185-3p (Table 10) were 

enriched in renal cell carcinoma, hepatitis B, lipid and atherosclerosis, chronic myeloid 

leukemia and protein export (Figure 9). The results indicate that the upregulation of genes 

(ACTR3B, SLC25A5, AKT2, PRRC2A, and SPEN) involved in renal cell carcinoma 

pathway due to downregulation of miRNA causes cancer development and progression-

related functions. This enrichment analysis signifies cancer and cancer related pathways that 

were previously reported in various carcinomas such as gastric cancer, ovarian cancer, 

colorectal cancer and breast cancer. This indicates that miRNA regulation of target genes 

results in disruption of cancer associated biological pathways.  
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Table 8. GO analysis of CC of downregulated DE miRNAs according to GeneCodis4  

(p-value < 0.05) 

Biological Pathway 
Genes 

predicted 

Total gene 

count 
P-value Important miRNAs 

ficolin-1-rich granule 

membrane 

15 36 0.000734962 miR-124-3p, miR-31-5p, miR-

29a-3p, miR-185-5p, miR-31-3p, 

miR-23a-3p 

extracellular vesicle 16 39 0.000593082 miR-29a-3p, miR-1908-5p, miR-

185-5p, miR-30d-5p, miR-346, 

miR-29c-3p  

Golgi lumen 22 83 0.033962232 miR-130a-3p, miR-31-5p, miR-

29c-3p, miR-150-5p, miR-185-5p, 

miR-487b-3p 

endoplasmic 

reticulum membrane 

57 258 0.035215992 miR-433-3p, miR-376b-3p, miR-

935, miR-30d-5p, miR-346, miR-

31-5p 

chylomicron 4 7 0.024409634 miR-485-5p, miR-1908-5p, miR-

199a-3p, miR-29a-3p  

SREBP-SCAP-Insig 

complex 

3 4 0.021190604 miR-128-3p, miR-185-5p, miR-

342-3p 

cytosol 116 576 0.00518265 miR-628-3p, miR-376b-3p, miR-

30d-5p, miR-487a-3p, miR-1908-

5p, miR-346  

endoplasmic 

reticulum chaperone 

complex 

5 10 0.022556154 miR-210-3p, miR-185-5p, miR-

495-3p, miR-193a-3p, miR-30a-5p  

synaptic vesicle 18 65 0.035768198 miR-144-3p, miR-29c-3p, miR-

34a-3p, miR-130a-3p, miR-29a-

3p, miR-214-3p  

early endosome lumen 2 2 0.033703066 miR-30a-5p, miR-124-3p  

 
Fig. 8. KEGG pathways analysis of upregulated differentially expressed miRNAs. Barchart plot of top 10 KEGG 

pathways in ccRCC vs. Normal. The x-axis is the –log10 (adjusted p-value) while the gene number for each 

pathway is represented on y-axis. It indicates chemokine signaling pathway, shigellosis and T cell receptor 

signaling pathway as significant pathways. 



HAMOODE et al. 

352 

Mathematical Biology and Bioinformatics. 2022. V. 17. № 2. doi: 10.17537/2022.17.338 

 
Fig. 9. KEGG pathways analysis of downregulated differentially expressed miRNAs. Barchart plot of top 

10 KEGG pathways in ccRCC vs. Normal. The x-axis is the –log10 (adjusted p-value) while the gene 

number for each pathway is represented on y-axis. It indicates hepatitis B, chronic myeloid leukemia and 

renal cell carcinoma and lipid and atherosclerosis as significant pathways. 

 

 

Table 9. Pathway prediction for upregulated DE miRNAs according to GeneCodis4 (p-

value < 0.05) 

KEGG Pathway 
Genes 

predicted 

Total gene 

count 
P-value Important miRNAs 

IL-17 signaling 

pathway 

59 182 3.32E-05 miR-34c-5, miR-378a-3p, miR-218-5p, 

miR-501-5p, miR-143-3p, miR-28-5p, 

miR-146a-5p, miR-141-3p 

Yersinia infection 66 219 0.000140154 miR-34c-5p, miR-378a-3p, miR-501-5p, 

miR-218-5p, miR-143-3p, miR-28-5p, 

miR-146a-5p, miR-141-3p  

RIG-I-like 

receptor signaling 

pathway 

36 97 0.000100927 miR-9-5p, miR-218-5p, miR-143-3p, 

miR-126-3p, miR-146a-5p, miR-141-3p, 

miR-30e-5p, miR-196a-5p, miR-10b-5p  

Shigellosis 81 291 0.00033127 miR-34c-5p, miR-378a-3p, miR-218-5p, 

miR-501-5p, miR-143-3p, miR-28-5p, 

miR-146a-5p, miR-141-3p 

Alcoholic liver 

disease 

63 219 0.001179456 miR-340-5p, miR-425-5p, miR-218-5p, 

miR-146a-5p, miR-143-3p, miR-501-5p, 

miR-141-3p, miR-34c-5p 

Toll-like receptor 

signaling pathway 

54 185 0.002381524 miR-340-5p, miR-378a-3p, miR-218-5p, 

miR-146a-5p, miR-143-3p, miR-28-5p, 

miR-141-3p, miR-34c-5p 

Chemokine 

signaling pathway 

69 251 0.002602147 miR-34c-5p, miR-378a-3p, miR-218-5p, 

miR-501-5p, miR-143-3p, miR-28-5p, 

miR-146a-5p, miR-141-3p 
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KEGG Pathway 
Genes 

predicted 

Total gene 

count 
P-value Important miRNAs 

Th1 and Th2 cell 

differentiation 

44 143 0.002267794 miR-340-5p, miR-378a-3p, miR-218-5p, 

miR-146a-5p, miR-143-3p, miR-28-5p, 

miR-141-3p, miR-34c-5p 

T cell receptor 

signaling pathway 

60 209 0.001845916 miR-34c-5p, miR-378a-3p, miR-218-5p, 

miR-501-5p, miR-143-3p, miR-28-5p, 

miR-146a-5p, miR-141-3p  

Leishmaniasis 42 134 0.001951695 miR-126-3p, miR-378a-3p, miR-143-3p, 

miR-141-3p, miR-28-5p, miR-146a-5p, 

miR-340-5p, miR-10a-3p  

 

Table 10. Pathway prediction for downregulated DE miRNAs according to GeneCodis4  

(p-value < 0.05) 

KEGG Pathway 
Genes 

predicted 

Total gene 

count 
P-value Important miRNAs 

Hepatitis B 68 331 0.174897 miR-29c-3p, miR-487a-3p, miR-30d-5p, 

miR-7b-3p, miR-31-5p, miR-433-3p, miR-

185-3p, miR-150-5p, miR-185-5p  

Adrenergic 

signaling in 

cardiomyocytes 

32 151 0.2495 miR-199a-3p, miR-30d-5p, miR-31-5p, 

miR-150-5p, miR-433-3p, miR-185-3p, 

miR-185-5p, miR-29c-3p, miR-29a-3p  

Dopaminergic 

synapse 

33 140 0.076701 miR-129-1-3p, miR-30d-5p, miR-346, miR-

185-3p, miR-31-5p, miR-433-3p, miR-150-

5p, miR-185-5p, miR-29c-3p 

Renin secretion 13 54 0.204949 miR-371a-3p, miR-30d-5p, miR-433-3p, 

miR-29a-3p, miR-150-5p, miR-424-5p, 

miR-133a-3p, miR-23b-3p, miR-222-3p 

Protein export 2 4 0.165059 miR-30a-5p, miR-495-3p 

 

Carbohydrate 

digestion and 

absorption 

22 84 0.052359 miR-495-3p, miR-487a-3p, miR-30d-5p, 

miR-29a-3p, miR-185-3p, miR-29c-3p, miR-

199a-3p, miR-133a-3p, miR-23a-3p  

Huntington disease 42 177 0.039429 miR-31-3p, miR-376b-3p, miR-30d-5p, 

miR-150-5p, miR-31-5p, miR-433-3p, let-

7b-3p, miR-29c-3p, miR-424-5p  

Chronic myeloid 

leukemia 

62 302 0.201436 miR-487b-3p, miR-487a-3p, miR-30d-5p, 

miR-150-5p, miR-31-5p, miR-433-3p, miR-

185-3p, miR-185-5p, miR-29c-3p  

Renal cell 

carcinoma 

55 237 0.024518 miR-487b-3p, miR-487a-3p, miR-30d-5p, 

miR-31-5p, miR-150-5p, miR-433-3p, miR-

185-3p, miR-185-5p, miR-29c-3p  

Lipid and 

atherosclerosis 

60 297 0.265945 miR-185-5p, miR-487a-3p, miR-30d-5p, 

miR-433-3p, miR-346, miR-31-5p, let-7b-

3p, miR-185-3p, miR-150-5p  

 

DISCUSSION 

Generally, ccRCC accounts for 85 % of all primary kidney cancers. Understanding the 

fundamental mechanisms is important for identifying the disease prognosis and potential drug 

targets for ccRCC. RNASeq is proved to be a quantitative tool for DEA that identifies 

miRNA expression level with greater accuracy and higher efficiency to provide insights 

on putative therapeutic targets. This study identifies 2656 DE miRNAs, and among them 229 

were upregulated and 302 were downregulated.  The identified upregulated miRNAs include 
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miR-140-5p, miR-126-3p, miR-28-5p, miR-20a-5p, miR-671-5p, miR-186-5p, miR-627-5p, 

miR-338-5p, miR-30e-3p and miR-148b-5p, whereas the downregulated miRNAs include 

miR-424-3p, miR-107, miR-23b-5p, miR-499a-5p, miR-23a-3p, miR-128-3p, miR-7977, 

miR-29c-3p, miR-5100 and miR-4454. Functional enrichment analysis indicated that these 

miRNAs were mostly involved in the dysregulation of biological pathways and process such 

as negative regulation of cell cycle G1/S phase transition, immune response, DNA replication 

and positive regulation of cell death. 

In this present study, it was found that miR-140-5p upregulation causes KLF9 suppression 

and KCNQ1 downregulation, which plays crucial role in cellular electric signals transmission. 

This serves as a foundation in ccRCC progression and metastasis due to dysregulated 

signaling pathway [19]. Similarly, the upregulation of miR-126-3p and miR-20a-5p is 

involved in disruption of apoptosis by downregulating PI3k (phosphatidylinositol 3-kinase) 

pathway and CXCL8 expression respectively. This leads to decline in immune cells 

recruitment which results in suppressed apoptosis and increased growth and proliferation [20], 

[21]. Upregulated miR-28-5p and miR-671-5p inhibits Mad2 translation and anaphase 

promoting complex (APC), resulting in chromosomal instability and increased metastasis due 

to anaphase progression inhibition until correct alignment of spindle microtubules [22], [23]. 

Higher levels of miR-186-5p in ccRCC individuals dysregulates glucose transporter 1 

(GLUT-1), which is responsible for basal glucose uptake to sustain cellular respiration. A 

disrupted expression of GLUT-1 results in disturbed cellular metabolism, a significant 

hallmark of cancer [24]. In colorectal neoplasms it was found that miR-627-5p serum levels 

were increased that leads to NUP160 suppression resulting in cell proliferation inhibition and 

stimulation of autophagy and apoptosis [25]. It has been reported that colorectal cancer 

metastasis is promoted by increased miR-338-5p levels by inhibiting autophagy pathway 

mediated by phosphatidylinositol 3-kinase, catalytic subunit type 3 (PIK3C3) [26]. 

Upregulated miR-30e-3p has been found in primary tumors of breast cancer patients and is 

linked to epithelial-mesenchymal transition (EMT) induction, which is a prerequisite for 

tumor cell distribution [27]. It has been reported that upregulated miR-148b-5p suppresses 

ATPase inhibitory factor 1 (ATPIF-1) that prevents oxidative phosphorylation (OP) and 

promotes aerobic glycolysis. This leads to increased OP that provides energy to tumor cells 

[28]. Through literature, it was found that miR-424-3p downregulation leads to increased 

invasiveness in prostate cancer due to high expression of CTLA-4 that functions as an 

immune checkpoint and downregulates immune system [29]. Downregulation of miR-107 and 

miR-29c-3p causes upregulation of KCNQ1OT1 and MAPK signaling pathway respectively, 

which results in uncontrolled cell proliferation and increased growth promoting pathways in 

hepatocellular carcinoma (HCC), gallbladder cancer, colon cancer and breast cancer  [30], 

[31]. A downregulated miR-23b-5p and miR-23a-3p causes FOXM1 and AKT1 upregulation 

that promotes various oncogenic phenotypes such as cell proliferation, cancer stem cell 

properties and invasion and metastasis in ovarian cancer and HCC [32]–[34]. It has been 

reported that downregulated miR-499a-5p results in non-small cell lung cancer cell lines and 

tissues and promotes lung cancer cells proliferation and colony formation, and induce S-phase 

of cell cycle [35]. MiR-128-3p downregulation causes ZEB1 overexpression that leads to 

human esophageal squamous-cell carcinoma (ESCC) invasiveness and metastasis by 

increased cell proliferation [36]. Lower expression of miR-4454 promotes tyrosine kinase 

(TK) function in ccRCC patients, which is an essential mediator of signal transduction 

process. Upregulated TKs results in increased cell proliferation and migration in ccRCC [37]. 

Moreover downregulation of miR-5100 leads to upregulated DUSP16 which leads to 

tumorigenesis by preventing senescence in human liver cancer cells [38]. 

KEGG pathway enrichment analysis showed that upregulated DE miRNAs were 

significantly associated with T cell receptor signaling pathway, shigellosis, chemokine 

signaling pathway, while downregulated DE miRNAs were involved in renal cell carcinoma, 

hepatitis B and chronic myeloid leukemia. In this study it was found that upregulated miR-
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378a-3p dysregulates pathways involved in shigellosis. It has been reported that shigella 

induces apoptosis via mitochondrial related cell death, but its downregulation leads to cancer 

progression due to impaired apoptosis and increased cell differentiation [39]. Furthermore, 

miR-218-5p upregulation inhibits LRIG1, a transmembrane protein, in breast cancer. This 

protein interacts with TK of epidermal growth factor receptors (EGFR) and its suppression 

promotes EGFR expression that leads to increased cell migration and differentiation in breast 

cancer [40]. In addition, upregulation of miR-143-3p suppresses VASH1, involved in cellular 

movement and negative regulation of angiogenesis and proteolysis. This results in higher cell 

migration and increased angiogenesis that supplies blood to tumor cells to grow [41]. 

Furthermore, downregulation of miR-487a-3p upregulates protein phosphatase 1A (PPM1A) 

which in turn upregulates MAP kinases that are responsible for cell motility, differentiation 

and viability in oral squamous cell carcinoma [42]. It has been reported that miR-30d-5p 

downregulation promotes GRP78 expression that is responsible for proliferation and anti-

apoptosis of ccRCC cells. Therefore miR-30d-5p downregulation demonstrates oncogenic 

activities [43]. Moreover downregulation of miR-185-3p upregulates WNT2B which is 

involved in stem cell renewal and maintenance. This leads to increased invasion and 

metastasis resulting in tumor progression in nasopharyngeal carcinoma [44].  

Thus, this study provides key insights into the up and down regulated miRNAs and their 

effects on their target genes. Moreover, a novel set of five miRNAs (miR-627-5p, miR-30e-

3p, miR-424-3p, miR-23b-5p, miR-218-5p) have been identified that were not reported 

previously and are involved in the ccRCC progression and development. 

CONCLUSION 

The miRNA dysregulation imparts a significant influence on development of multiple 

human cancers such as renal cancer, breast cancer, hepatocellular carcinoma, pancreatic 

cancer, ovarian cancer, colorectal cancer, nasopharyngeal carcinoma and prostate cancer. This 

study identified 2656 DE miRNAs and among them 229 were upregulated and 302 were 

downregulated. It was found that five miRNAs (miR-140-5p, miR-671-5p, miR-186-5p, miR-

4454, miR-30d-5p) were significantly associated with ccRCC development and progression. 

This study provides key insights into the effects caused by dysregulated miRNAs on their 

target gene. It was found that overexpression of miR-140-5p dysregulates a transcriptional 

regulator, KLF9. This results in disrupted signaling pathways in ccRCC cells due to 

suppressed electric signal transmission leading to uncontrolled cell growth. Furthermore, it 

was found that upregulated miR-671-5p regulates ccRCC metastasis by targeting anaphase 

promoting complex, which promotes cell migration and polarity through Wnt signaling 

pathway. Moreover miR-186-5p upregulation, downregulates glucose transporter, GLUT-1, 

which leads to disrupted cell metabolism. Downregulation of miR-4454 mediates signal 

transduction by tyrosine kinase overexpression leading to increased cell proliferation, 

migration, differentiation and metabolism. It was also found that downregulated miR-30d-5p 

result in GRP78 overexpression, which promotes enhanced ccRCC cells proliferation and 

decreased apoptosis. However, a novel set (miR-627-5p, miR-30e-3p, miR-424-3p, miR-23b-

5p, miR-218-5p) of miRNAs that have not been reported for ccRCC previously but found in 

multiple human carcinomas, have been identified in this study that suggest the deregulation of 

crucial genes suggesting ccRCC development and progression. In summary, these known and 

novel sets of DE miRNAs are suggested as important and deregulated miRNAs for ccRCC.  
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