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ABSTRACT 
 
Benign prostatic hyperplasia (BPH) is a commonly occurring disease in aging men. It 

involves cellular proliferation of stromal and glandular tissues leading to prostate enlargement. 
Current drug therapies show several adverse effects such as sexual dysfunctions and 
cardiovascular side effects. Therefore, there is a need to develop more effective medical 
treatment for BPH. In this regard, we aimed to identify genes which play a critical role in BPH. 
We have obtained the dataset of differentially expressed genes (DEGs) of BPH from NCBI 
GEO. DEGs were investigated in the context of their protein-protein interactions (PPI). Hub 
genes i.e. genes associated with BPH were scrutinized based on the topological parameters of 
the PPI network. These were analyzed for functional annotations, pathway enrichment analysis 
and transcriptional regulation. In total, 38 hub genes were identified. Hub genes such as 
transcription factor activator protein-1 and adiponectin were found to play key roles in cellular 
proliferation and inflammation. Another gene peroxisome proliferator activated receptor gamma 
was suggested to cause obesity, a common comorbidity of BPH. Moreover, our results indicated 
an important role of transforming growth factor-beta (TGF-β) signaling and smooth muscle cell 
proliferation which may be responsible for prostate overgrowth and associated lower urinary 
tract symptoms frequently encountered in BPH patients. Zinc finger protein Snai1 was the most 
prominent transcription factor regulating the expression of hub genes that participate in TGF-β 
signaling. Overall, our study has revealed significant hub genes that can be employed as drug 
targets to develop potential therapeutic interventions to treat BPH. 

 
Keywords: Prostate enlargement; lower urinary tract symptoms; microarray; gene expression; 
cancer; therapeutic drug target. 

 
 

INTRODUCTION 
 
Benign prostatic hyperplasia (BPH), a common health concern in aging men, is 

characterized by enlargement of the prostate gland. Its incidence varies with age and usually it 
begins at the age of 40-45 years [1]. Prevalence of BPH is 5-10% in men aged 40, but increases 
to 80% in men of age group 70-80 years [2]. BPH is accompanied by inflammation in the 
prostate gland. It also manifests increased prostate volume which is mainly caused due to the 
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cellular proliferation occurring in its transition zone that surrounds the urethra. This results in 
pushing on the urethra leading to the development of irritating and obstructive lower urinary 
tract symptoms (LUTS) [3, 4]. LUTS mainly involves two types of symptoms - voiding 
symptoms include weak urinary stream, stop-start urination, a sensation of incomplete emptying 
of bladder, and storage symptoms such as frequency, nocturia, and urgency [5]. These 
symptoms worsen with age and are extremely bothersome, thereby affecting the quality of life. 

Current drug therapies work by targeting the proliferative action of androgens leading to 
decrease in the size of the prostate. This includes drugs which block the activity of 5α-reductase 
enzyme that converts testosterone to a more potent androgen. Other BPH treatments include the 
use of drugs which decrease the tone of the smooth muscle by inhibiting α1 adrenoceptors [6]. 
Although these strategies are able to relieve urethral obstruction and voiding symptoms, they are 
associated with some side effects including abnormal ejaculatory effects. Alternative treatment 
options explore the use of novel drug targets such as luteinizing hormone releasing hormone 
(LHRH) receptor, muscarinic receptor, phosphodiesterase among others [7, 8]. However, results 
from clinical trials on drugs targeting these emerging drug targets indicate that they may cause 
sexual dysfunctions [9]. Thus, despite the availability of drug targets against BPH, there is still a 
need to investigate novel proteins that can be employed for developing better medical 
treatments. 

In the past decade, protein-protein interaction (PPI) network has gained a lot of importance 
in the search of therapeutic drug targets [10, 11]. PPI networks help to study proteins from the 
perspective of their relationships and associations with their functional partners. Thus, 
computational analysis of PPI networks provides novel insights into the functions of proteins 
and their role in several biological processes. So considering the urgent need of promising 
therapeutic interventions to treat BPH, we made an attempt to predict potential drug targets 
based on the knowledge of protein-protein interactions of genes related to the disease. 

 
 

MATERIALS AND METHODS 
 
Gene expression data retrieval: The gene expression dataset for Benign prostatic 

hyperplasia was obtained from the gene expression omnibus (GEO) database under the series 
accession number GSE119195 [12]. This dataset consisted of expression profiles of prostate 
tissues from 3 healthy individuals and 5 BPH patients. In this study, microarray analysis of 
mRNA isolated from prostate tissues was performed according to the standard Affymetrix 
protocol followed by data analysis and normalization [12]. 

Firstly, raw CEL files under the GEO accession number GSE119195 were downloaded. The 
data was analyzed using GEO2R (http://www.ncbi.nlm.nih.gov/geo/geo2r/) which is an 
interactive web tool used for comparing different GEO series in order to find genes that are 
differentially expressed across experimental conditions. The genes were initially filtered 
according to their significance by taking the criteria of P-value being less than 0.05. Finally, 
differentially expressed genes were identified based on log2Fold Change [log2(FC)] value. 
Genes with log2(FC) value>1 were considered as up-regulated that indicated 2-fold greater 
expression in diseased tissue as compared to the healthy one. While those having log2(FC) value 
<-1 were filtered as down-regulated genes, i.e. having 2-fold lower expression. 

 
Protein-Protein interactions analysis: The resultant differentially expressed genes were 

uploaded to STRING version 11.0b database (Search Tool for the Retrieval of Interacting 
Genes/Proteins) in order to find their interactions with other proteins. STRING provides the 
protein-protein interactions including both physical and functional associations derived from 
primary databases, high throughput lab experiments, computational prediction, conserved co-
expression analysis and automated text mining of the scientific literature [13]. Only the high 
confidence interactions having score>0.7 were retrieved. Taking these genes further, protein-
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protein interaction (PPI) network was constructed and visualized with the help of Cytoscape 
[14]. 

 
Analysis of PPI network: The PPI network was analyzed using NetworkAnalyzer which is 

an in-built tool of the Cytoscape version 3.8.2. The analysis was done by calculating topological 
parameters like node degree, closeness centrality and betweenness centrality. Node degree (or 
simply degree) represents the number of interactions of a node to other nodes in the network. 
Closeness centrality measures the average shortest distance between one node and all other 
nodes in the network. This indicates that the most central nodes are closer to other nodes in the 
network. Betweenness centrality is measured by adding lengths of all the shortest paths that pass 
through a node. So, nodes having high betweenness centrality serve as a bridge that connects 
other nodes. Thus, closeness centrality and betweenness centrality are two crucial centrality 
measures that shed light on the significance of a node for the information flow through the 
network. Based on these parameters, the most important genes designated as hub genes were 
identified. 

 
Co-expression analysis of the hub genes: The hub genes so obtained were cross-checked 

by the FpClass tool that uses topology network score and gene expression score in order to find 
the genes coexpressed along with the retrieved genes. The topology network score indicates the 
presence of genes in the data and the intensity of their interactions while the gene expression 
score takes into account the correlation of the expression profiles of genes [15]. The genes with 
topology score>= 0.75 for up-regulated and>=0.7 for down-regulated were selected for further 
analysis.  

 
Functional enrichment and pathway analysis: The hub genes were examined to 

determine their biological functions and roles in pathways. This was done using ClueGO, a 
plug-in application of Cytoscape [16]. ClueGo uses both Gene Ontology (GO) terms and the 
Kyoto Encyclopedia of Genes and Genomes (KEGG)/BioCarta pathways to create a 
functionally enriched pathway network. The localization of the biological and molecular 
functions of the genes was detected premised on high confidence with the p-value kept <0.05. 

 
 Identification of transcription factors and miRNA associated with BPH: The 

transcriptional factors (TF) for the hub genes were determined using the MatInspector tool [17]. 
The top 7 transcriptional factors having p-values>0.1 were taken. Finally, the miRNAs for 
selected transcriptional factors were determined with the help of miRTargetLink [18]. The 
common miRNAs for the TFs were filtered. These TFs and miRNAs were integrated and an 
interactive network was plotted in Cytoscape. 

 
 

RESULTS  
 
The gene expression dataset for healthy individuals and BPH patients were retrieved from 

the GEO NCBI database. After data normalization and filtering based on P-value and log2(FC) 
value, a total of 338 DEGs were found. Among them, 200 genes with log2(FC) value <-1 were 
identified as down-regulated and 118 genes with log2(FC) value>1 as up-regulated. 

The DEGs obtained in the previous step were uploaded to the STRING database to examine 
their protein-protein interactions and a PPI network for both up-regulated and down-regulated 
genes was constructed and visualized using Cytoscape (Fig. 1 & 2). The PPI network for up-
regulated and down-regulated genes consisted of 19 and 70 nodes with the clustering coefficient 
values of 0.424 and 0.254, respectively (Table 1). Although the up-regulated PPI network 
contains a lower number of nodes as compared to the down-regulated network, it displays a 
greater clustering coefficient indicating that it is more densely connected internally (Table 1). 
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Figure 1: Protein-protein interaction network of up-regulated genes. Spheres represent the nodes and the 
lines represent the interactions. 

 

 
Figure 2: Protein-protein interaction network of down-regulated genes. Spheres represent the nodes and 
the lines represent the interactions. 
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Table 1: Topological parameters of PPI networks 
Topology parameters Values of up-regulated  

PPI network 
Values of down-regulated 
PPI network 

Number of nodes 19 70 
Number of edges 17 73 
Clustering coefficient 0.424 0.254 
Network density 0.236 0.144 
Characteristic path length 2.891 3.627 
Average number of neighbours 2.364 2.444 

 
The networks were analyzed using NetworkAnalyzer and topological parameters were 

calculated. The topological analysis of the up-regulated network yielded top 5 nodes (degree 
>=3) represented as Transcription factor AP-1 (JUN), Versican core protein (VCAN), 
Proenkephalin (PENK), Insulin like growth factor 1 (IGF1) and Transforming growth factor 
beta 3 (TGFB3). These genes are enlisted in Table 2. Out of these nodes, Transcription factor 
AP-1 displays the highest degree while TGFB3 has the highest values of both centrality 
measures (Table 2). For the down-regulated network, top 12 nodes (degree>= 4) were identified 
as Adiponectin (ADIPOQ), fatty acid binding protein 4 (FABP4), prostaglandin-endoperoxide 
synthase 2 (PTGS2), Guanine nucleotide-binding protein subunit 4 (GNG4), Titin (TTN), 
Platelet glycoprotein 4 (CD36), Dystrophin (DMD), Myosin regulatory light chain 2 (MYL2), 
Troponin C1 (TNNC1), Myosin regulatory light chain 1 (MYL1), Nebulin (NEB) and Serum 
amyloid A1 (SAA1). Table 3 shows the list of top 12 nodes obtained from the down-regulated 
network. As can be seen from Table 3, values of degree suggest that the genes TTN, DMD, 
MYL1 & NEB show greater number of interactions in the network. ADIPOQ and NEB have the 
highest betweenness centrality and closeness centrality, respectively (Table 3). Combining all 
these top nodes together, 17 nodes were considered as hub genes. 

 
 

Table 2: List of top nodes obtained from Up-regulated PPI network 
Serial 
number 

Symbol Name Degree Betweenness 
Centrality 

Closeness 
Centrality 

1 JUN Transcription factor AP-1 4 0.355556 0.416667 
2 VCAN Versican core protein 3 0.466667 0.4 
3 PENK Proenkephalin 3 0.2 0.322581 
4 IGF1 Insulin like growth factor 1 3 0.2 0.4 
5 TGB3 Transforming growth factor beta 3 3 0.555556 0.47619 

 
 

Table 3: List of top nodes obtained from Down-regulated PPI network 
Serial 
number 

Symbol Name Degree Betweenness 
Centrality 

Closeness 
Centrality 

1 ADIPOQ Adiponectin 4 0.691176 0.425 
2 FABP4 Fatty acid binding protein 4 4 0.279412 0.377778 
3 PTGS2 Prostaglandin endoperoxide synthase 2 4 0.330882 0.34 
4 GNG4 Guanine nucleotide binding protein 

subunit 4 
4 0.321429 0.533333 

5 TTN Titin 6 0.153846 0.565217 
6 CD36 Platelet glycoprotein 4 5 0.308824 0.314815 
7 DMD Dystrophin 6 0.384615 0.619048 
8 MYL2 Myosin regulatory light chain 2 5 0 0.541667 
9 TNNC1 Troponin C1 5 0 0.541667 
10 MYL1 Myosin regulatory light chain 1 6 0.051282 0.565217 
11 NEB Nebulin 8 0.461538 0.65 
12 SAA1 Serum amyloid A1 4 0.321429 0.533333 
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The hub genes identified in the previous step were analyzed for their co-expression with 
other genes using the FpClass tool. Top genes were selected using the criteria of network 
topology score of more than or equal to 0.70. Twenty one genes were found to be the top 
scoring predicted partners as can be seen in the Table 4. Thus, we obtained 17 hub genes from 
PPI network analysis and 21 hub genes from co-expression analysis, making it a total of 38. 

 
 
Table 4: Top scoring predicted partners found by Fpclass 
Serial 
number 

Query ID Predicted Partner 
Symbol 

Gene Co-expression 
Score 

Network topology 
score 

1 TTN MYPN 0 0.8423 
2 VCAN CCBP2 0.0262 0.7991 
3 NEB ANKRD23 0.0017 0.7813 
4 JUN HIF1A 0.0465 0.7809 
5 JUN DAXX 0.0207 0.7802 
6 JUN HSP90AA1 0.0271 0.7772 
7 JUN TP73 0.0136 0.7647 
8 JUN PML 0.0212 0.7645 
9 JUN PTPN1 0.0144 0.7609 
10 JUN PPARG 0.0231 0.7604 
11 JUN BTRC 0.0098 0.7575 
12 JUN CCND1 0.0214 0.7562 
13 JUN AHR 0.0744 0.752 
14 JUN SRC 0.016 0.751 
15 JUN HSPA8 0.0218 0.7507 
16 VCAN CCR4 0.0148 0.7503 
17 TTN SMURF2 0 0.7471 
18 MYL2 ANKRD44 0.0014 0.7321 
19 TTN DES 0 0.7148 
20 DMD ABCA1 0.0358 0.7107 
21 NEB TRIM63 0.003 0.7031 

 
 
The 38 hub genes were subjected to pathway analysis considering GO term as well as 

KEGG pathways. This analysis yielded 69 pathways in total. We found seven pathways 
enriched with hub genes such as cyclin D1 (CCND1), activator protein-1 (AP-1), prostaglandin-
endoperoxide synthase 2 (PTGS2), adiponectin (ADIPOQ), SRC proto-oncogene (SRC), 
platelet glycoprotein 4 (CD36), transforming growth factor beta 3 (TGFB3), insulin like growth 
factor 1 (IGF1), hypoxia inducible factor 1-alpha (HIF1A), peroxisome proliferator activated 
receptor gamma (PPARG), troponin C1 (TNNC1). Table 5 provides a list of these pathways 
along with the parameters such as p value that indicates the significance of the pathway found. 
In Table 5, number of non-redundant genes and % associated genes represent the number of 
genes involved in a specific pathway while associated genes column gives the names of the hub 
genes found. As can be seen from Table 5, pathways enriched with hub genes, i.e. having>6 
non-redundant genes were TGF-beta signaling pathway, Interleukin-4 and Interleukin-13 
signaling, regulation of smooth muscle cell proliferation, smooth muscle cell proliferation, 
muscle filament sliding, striated muscle contraction pathway, dilated cardiomyopathy, 
hypertrophic cardiomyopathy. Among these, the striated muscle contraction and muscle 
filament sliding pathways are predominantly enriched with down-regulated hub genes whereas 
the TGF-beta signaling pathway mainly contains up-regulated hub genes (Table 5). 

This was followed by identification of transcription factors (TFs) associated with the hub 
genes. We found 6 TFs - Zinc finger protein snai1, Steroidogenic factor 1, Aryl hydrocarbon 
receptor, E2F transcription factor 1, Nuclear factor of activated T-cells 1 and Interleukin 
enhancer-binding factor (Table 6). The most significant TF SNAI1 was found to interact with 6 
hub genes (Table 6). 
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Table 5: Pathways enriched with hub genes  
Serial 
number 

Pathway P-Value % Associated 
genes 

Non Redundant 
genes 

Associated genes 

1 Smooth muscle 
cell 
proliferation 

4.60E-07 4.05 6 ADIPOQ, IGF1, JUN, 
PPARG, PTGS2, TGFB3 

2 Hypertrophic 
cardiomyopath
y 

4.13E-10 7.78 7 DES, DMD, IGF1, MYL2, 
TGFB3, TNNC1, TTN 

3 Dilated 
cardiomyopath
y 

6.53E-10 7.29 7 DES, DMD, IGF1, MYL2, 
TGFB3, TNNC1, TTN 

4 Striated 
Muscle 
Contraction 

4.97E-13 19.44 7 DES, DMD,MYL1, MYL2, 
NEB, TNNC1, TTN 

5 Muscle 
filament 
sliding 

9.13E-13 17.95 7 DES, DMD,MYL1, MYL2, 
NEB, TNNC1, TTN 

6 Interleukin-4 
and 
Interleukin-13 
signaling 

1.50E-09 6.48 7 CCND1, CD36, HIF1A, 
HSP90AA1, HSPA8, PTGS2, 
SAA1 

7 TGF-beta 
Signaling 
Pathway 

2.16E-07 4.51 6 BTRC, CCND1, JUN, PML, 
SMURF2, SRC 

 
 
Table 6: Transcription factors associated with hub genes 
Transcription factor Symbol Interacting genes P-Value 
Zinc finger protein snai1 SNAI1 PPARG, PTGS2, ADIPOQ, SRC, IGF1, 

HIF1A 
0.173007 

Steroidogenic factor 1 NR5A1 PPARG, JUN, ADIPOQ 0.134746 
Aryl hydrocarbon receptor AHR PPARG, CCND1, JUN, PTGS2, SRC 0.128163 
E2F transcription factor 1 E2F1 IGF1 0.115042 
T-cells 1 1   
Interleukin enhancer-binding factor ILF2 HIF1A, JUN 0.105026 
 
 

Next step involved investigating miRNA linked with the TFs. As a result, we identified a 
total of 3 common miRNAs which were found to be connected to at least two of the TFs (Table 
7). The miRNA hsa-miR-124-3p was the most prominent as it is specific for 3 TFs (Table 7). A 
transcription factor regulatory network was built as shown in the Figure (fig. 3). This network 
connects miRNAs to their target TFs that are further linked to their associated hub genes (Fig. 
3). Two miRNAs - hsa-miR-203a-3p and hsa-miR-34a-5p target the transcription factor SNAI1 
which is associated with the maximum number of the hub genes (Table 6 & Fig. 3). 
 
Table 7: miRNAs associated with the regulatory factors from miRTarbase 
miRTarbase ID miRNA Interacting transcriptional factors 
MIRT006039 hsa-miR-203a-3p SNAI1, E2F1 
MIRT052946 hsa-miR-34a-5p E2F1, SNAI1 
MIRT022452 hsa-miR-124-3p ILF2, AHR, NFATC1 
 

 
DISCUSSION 

 
Cyclin D1 belongs to the family of cyclins which play a key role in cell cycle progression. 

In the presence of appropriate stimuli, cyclin D1 acts on cyclin dependent kinases (CDK) 4 and 
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6 and causes the release of a transcription factor which in turn stimulates the expression of 
genes required for DNA replication and progression from the G1 to S phase. Cyclin D1 has 
been implicated to be involved in the process of mast cells infiltration into BPH tissues [19]. 
Specifically, mast cells have been suggested to induce benign prostatic hyperplasia epithelial 
cell proliferation via cyclin D1 pathway that involves transcription factors such as Janus family 
tyrosine kinase (JAK)-signal transducer and activator of transcription (STAT). 

 
 

 
Figure 3: The transcription regulatory network showing the hub genes connected to the associated 
transcriptional factors (TFs) and the correlated miRNAs to the TFs in BPH. The central bigger nodes 
represent the hub genes; the rectangular boxes represent the TFs and are coloured in peach; the blue 
colored diamond shapes depict the miRNAs. 

 
 

Another hub gene transcription factor activator protein-1 (AP-1) was found to be up-
regulated in BPH samples as revealed by differential gene expression analysis. This is in 
accordance with previous studies that have reported an increased expression of AP-1 in patients 
suffering from progressive symptomatic BPH and require surgical intervention as compared to 
mildly symptomatic patients [20]. AP-1 protein is a member of the JUN transcription factors 
family that plays a crucial role in regulating the transcription of genes involved in the processes 
of cellular proliferation and inflammation. Overexpression of AP-1 has been observed in 
colorectal cancer, breast cancer and acute myeloid leukemia, thereby implicating its role in the 
development and progression of cancers [21]. Thus, AP-1 may represent a potential target that 
can be employed to target the underlying problems of inflammation and proliferation associated 
with BPH. 

Adiponectin is an adipokine secreted from adipose tissues and exerts multiple properties 
including anti-proliferation, anti-inflammation, anti-apoptotic and anti-tumor [22]. It is known 
to activate fatty acid beta-oxidation and blocks glucose production in the liver. Lower levels of 
adiponectin in serum have been linked with a higher risk of benign prostatic hyperplasia [23]. In 
our study, the gene encoding adiponectin was found to be down-regulated in samples collected 
from BPH patients. 

http://mbrc.shirazu.ac.ir/


 
 
 
  

Sachdeva et al., / Mol Biol Res Commun 2022;11(2):85-96  DOI:10.22099/mbrc.2022.43721.1746      MBRC 

http://mbrc.shirazu.ac.ir                                                                93                                                               
  

Hub genes encoding for myosin regulatory light chains 1 & 2 were found to be down-
regulated in BPH patients. Previous studies have reported reduced expression of myosin light 
chains in detrusor smooth muscle from the rabbit model of partial urinary bladder outlet 
obstruction (PBOO) which is commonly observed in men suffering from BPH [24]. This 
indicates that altered expression of myosin in the urinary bladder may be responsible for the 
abnormal voiding behaviour encompassing LUTS in BPH patients. These results suggest that 
abnormal muscle contraction and relaxation may be corrected by targeting myosin in bladder 
smooth muscles. 

An upregulated gene found in our study was VCAN that encodes for versican core protein, 
an important component of the extracellular matrix. Versican is a proteoglycan which plays a 
critical role in inflammation and tissue homeostasis. Sakko et al. have reported an increase in 
versican levels in prostate tumor cells isolated from BPH patients [25]. This increased 
production of versican was seen to be mediated through transforming growth factor beta1 
(TGFB1). Interestingly, our study has found the involvement of six of the up-regulated hub 
genes in the TGF beta signaling pathway, confirming that increased expression of versican is 
driven through transforming growth factor. In addition, the role of versican has been elucidated 
in lung disorders including chronic obstructive pulmonary disease and asthma which showed an 
upregulation of the protein [26]. Proteoglycans including versican are thought to be involved in 
tissue remodelling, thereby highlighting the potential of versican as a therapeutic drug target. 

Another hub gene Insulin like growth factor 1 (IGF1) was found to be up-regulated. This is 
in accordance with previous studies which have reported increased expression of IGF1 in BPH 
patients with greater prostate size [27]. Another study has shown that silencing of IGF1 gene in 
epithelial cells of the prostate leads to reduced cell proliferation [28]. These findings indicate 
that IGF1 can be potentially targeted as an effective therapeutic strategy to tackle BPH. 

The hub gene hypoxia inducible factor 1-alpha (HIF1A) is a transcription factor that 
controls the expression of hypoxia-induced genes such as glycolytic enzymes, cell growth 
factors and erythropoietin. In addition, HIF1A also induces epithelial–mesenchymal transition 
(EMT) that involves conversion of epithelial cells into mesenchymal phenotype [29]. EMT has 
been found to be associated with tumor progression and tissue remodeling. Specifically, HIF1A 
activates the expression of epithelial–mesenchymal transition-promoting transcription factors 
such as Snail, thereby leading to EMT. Interestingly, we found a close association between 
HIF1A and Snail transcription factor, further confirming the role of HIF1A in mediating EMT. 
The role of HIF1A has been elucidated in previous studies. It has been reported to cause 
testosterone-induced hyperplasia in the prostate gland of rats [30]. Another study has revealed 
that under inflammatory conditions, the prostate gland secretes cytokines which stimulate the 
expression of HIF1A that leads to prostate remodeling through the process of EMT [31]. Thus, 
results from previous studies and our study strongly suggest that HIF1A poses a great potential 
to control the tumor progression in BPH. 

Peroxisome proliferator activated receptor gamma (PPARG) belongs to the nuclear receptor 
superfamily that comprises ligand-activated transcription factors. Nuclear receptors are 
considered as the second largest class of therapeutic drug targets. PPARG serves as a key 
regulator of beta-oxidation of fatty acids, adipocyte differentiation and glucose homeostasis 
[32]. In vivo studies have demonstrated that expression of PPARG promotes adipogenesis in 
fibroblast cell lines [33]. This finding has also been supported by evidence obtained from mice 
lacking PPARG gene [34]. We found peroxisome proliferator activated receptor gamma 
(PPARG) to co-express with another hub gene i.e JUN which showed 2-fold up-regulation in 
BPH patients. This finding correlates well with the fact that obesity is one of the most common 
co-morbidities observed in BPH patients [35]. Hence, therapeutic alterations in PPARG activity 
seem to be an effective treatment strategy to relieve BPH and its co-morbidities. 

Pathway enrichment analysis revealed that genes involved in pathways such as striated 
muscle contraction and muscle filament sliding pathways were down-regulated. This may be 
one of the possible causes of voiding symptoms observed in BPH patients. One of the most 
effective medical treatments for BPH is to induce prostate smooth muscle relaxation. Thus then 
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genes encoding for dystrophin (DMD), myosin regulatory light chain 1 (MYL1), myosin 
regulatory light chain 2 (MYL2), nebulin (NEB), troponin C1 (TNNC1), titin (TTN) participate 
in muscle contraction and muscle sliding pathways. These genes are good candidates to develop 
therapeutic strategies aiming at relieving LUTS which is a major concern in BPH disorder. 

The TFs found to primarily regulate the expression of the hub genes were Zinc finger 
protein snai1 (SNAI1), Aryl hydrocarbon receptor (AHR), Nuclear factor of activated T-cells 1 
(NFATC1) (Table 6). These were mainly associated with hub genes PPARG, SRC, IGF1. One 
of the common pathways among these genes is the transforming growth factor-β (TGF-β) 
signaling pathway. A study has earlier demonstrated that abnormal activation of TGF-β resulted 
in mobilization of stromal stem cells which ultimately recruited to the prostate tissues leading to 
its overgrowth in BPH patients [36]. In accordance with this, we found that the hub genes 
involved in the TGF-β signaling pathway showed 2-fold greater expression in men suffering 
from BPH. These results combined together suggest that inhibiting the activity of TGF-β could 
serve as an effective therapeutic intervention for this disease.  

Another important pathway is regulation of smooth muscle cell proliferation. One of the 
well-tested therapeutic strategies to treat LUTS in BPH patients is to relax prostate smooth 
muscles [37, 38]. They have mainly targeted alpha(1A)-adrenergic receptors and 
phosphodiesterase 5 (PDE5). But these treatments have been shown to cause some side effects 
such as sexual dysfunction. So, alternative targets should be considered to tackle the problem of 
LUTS. Our study has found six genes which play key roles in the regulation of smooth muscle 
cell proliferation. These include SRC proto-oncogene (SRC), Beta-Transducin Repeat 
Containing E3 Ubiquitin Protein Ligase (BTRC), cyclin D1 (CCND1), transcription factor 
activator protein-1 (AP-1), Promyelocytic leukemia protein (PML), SMAD Specific E3 
Ubiquitin Protein Ligase 2 (SMURF2) which could be targeted to provide relief from voiding 
symptoms associated with BPH. 

Overall, our study highlighted various biological functions of hub genes and their roles in 
signaling pathways which correlate with the symptoms and common co-morbidities of BPH. 
Thus, a detailed understanding of functions of hub genes provided important insights into the 
disease pathophysiology and such information can be utilized to develop effective medical 
treatment strategies for BPH. 

 
Acknowledgements: The author would like to thank the Principal, head of department, 

faculty members and technical staff of Bioinformatics Department, Goswami Ganesh Dutta 
Sanatan Dharma College (GGDSD), Chandigarh for their support. 

 
Conflict of Interest: All authors declare no conflict of interest. 

 
 

REFERENCES 
 
1. Pagano E, Laudato M, Griffo M, Capasso R. Phytotherapy of benign prostatic hyperplasia. 

Phytother Res 2014;28:949-955. 
2. Vuichoud C, Loughlin KR. Benign prostatic hyperplasia: epidemiology, economics and 

evaluation. Can J Urol 2015;22:1-6. 
3. Platz EA, Smit E, Curhan GC, Nyberg LM, Giovannucci E. Prevalence of and racial/ethnic 

variation in lower urinary tract symptoms and noncancer prostate surgery in U.S. men. 
Urology 2002;59:877-883. 

4. Izumi K, Mizokami A, Lin WJ, Lai KP, Chang C.  Androgen receptor roles in the 
development of benign prostate hyperplasia. Am J Pathol 2013;182:1942-1949. 

5. Mobley D, Feibus A, Baum N. Benign prostatic hyperplasia and urinary symptoms: 
evaluation and treatment. Postgrad Med 2015;127:301-307. 

6. Ventura S, Oliver Vl, White CW, Xie JH, Haynes JM, Exintaris B. Novel drug targets for the 
pharmacotherapy of benign prostatic hyperplasia (BPH). Br J Pharmacol 2011;163:891-907. 

http://mbrc.shirazu.ac.ir/


 
 
 
  

Sachdeva et al., / Mol Biol Res Commun 2022;11(2):85-96  DOI:10.22099/mbrc.2022.43721.1746      MBRC 

http://mbrc.shirazu.ac.ir                                                                95                                                               
  

7. Chapple C. Antimuscarinics in men with lower urinary tract symptoms suggestive of bladder 
outlet obstruction due to benign prostatic hyperplasia. Curr Opin Urol 2010;20:43-48. 

8. Debruyne F, Tzvetkov M, Altarac S, Geavlete PA. Dose-ranging study of the luteinizing 
hormone-releasing hormone receptor antagonist cetrorelix pamoate in the treatment of 
patients with symptomatic benign prostatic hyperplasia. Urology 2010;76:927-933. 

9. Gacci M, Ficarra V, Sebastianelli A, Corona G, Serni S, Shariat SF, Maggi M, Zattoni F, 
Carini M, Novara G. Impact of medical treatments for male lower urinary tract symptoms 
due to Benign Prostatic Hyperplasia on ejaculatory function: A systematic review and meta-
analysis. J Sex Med 2014;11:1554-1566. 

10. Sriroopreddy R, Sajeed R, PR, CS.  Differentially expressed gene (DEG) based protein-
protein interaction (PPI) network identifies a spectrum of gene interactome, transcriptome 
and correlated miRNA in nondisjunction Down syndrome. Int J Biol Macromol 
2019;122:1080-1089. 

11. Tiwari S, Dwivedi UN. Discovering Innovative Drugs Targeting Both Cancer and 
Cardiovascular Disease by Shared Protein-Protein Interaction Network Analyses. OMICS 
2019;23:417-425. 

12. Xiao H, Jiang Y, He W, Xu D, Chen P, Liu D, Liu J, Wang X, DiSanto ME, Zhang X. 
Identification and functional activity of matrix-remodeling associated 5 (MXRA5) in benign 
hyperplastic prostate. Aging (Albany NY) 2020;12:8605-8621. 

13. Szklarczyk D, Gable AL, Lyon D, Junge A, Wyder S, Huerta-Cepas J, Simonovic M, 
Doncheva NT, Morris JH, Bork P, Jensen LJ, Mering CV. STRING v11: protein-protein 
association networks with increased coverage, supporting functional discovery in genome-
wide experimental datasets. Nucleic Acids Res 2019;47:D607-D613. 

14. Shannon P, Markiel A, Ozier O, Baliga NS, Wang JT, Ramage D, Amin N, Schwikowski B, 
Ideker T. Cytoscape: a software environment for integrated models of biomolecular 
interaction networks. Genome Res 2003;13:2498-2504. 

15. Kotlyar M, Pastrello C, Pivetta F, Lo Sardo A, Cumbaa C, Li H, Naranian T, Niu Y, Ding Z, 
Vafaee F, Broackes-Carter F, Petschnigg J, Mills GB, Jurisicova A, Stagljar I, Maestro R, 
Jurisica I. In silico prediction of physical protein interactions and characterization of 
interactome orphans. Nat Methods 2015;12:79-84. 

16. Bindea G, Mlecnik B, Hackl H, Charoentong P, Tosolini M, Kirilovsky A, Fridman WH, 
Pagès F, Trajanoski Z, Galon J. ClueGO: a Cytoscape plug-in to decipher functionally 
grouped gene ontology and pathway annotation networks. Bioinformatics 2009;25:1091-
1093. 

17. Cartharius K, Frech K, Grote K, Klocke B, Haltmeier M, Klingenhoff A, Frisch M, 
Bayerlein M, Werner T. MatInspector and beyond: promoter analysis based on transcription 
factor binding sites. Bioinformatics 2005;21:2933-2942. 

18. Hamberg M, Backes C, Fehlmann T, Hart M, Meder B, Meese E, Keller A. MiRTargetLink-
-miRNAs, Genes and Interaction Networks. Int J Mol Sci 2016;17:564. 

19. Ou Z, He Y, Qi L, Zu X, Wu L, Cao Z, Li Y, Liu L, Dube DA, Wang Z, Wang L. 
Infiltrating mast cells enhance benign prostatic hyperplasia through IL-6/STAT3/Cyclin D1 
signals. Oncotarget 2017;8:59156-59164. 

20. Lin-Tsai O, Clark PE, Miller NL, Fowke JH, Hameed O, Hayward SW, Strand DW. 
Surgical intervention for symptomatic benign prostatic hyperplasia is correlated with 
expression of the AP-1 transcription factor network. Prostate 2014;74:669-679. 

21. Trop-Steinberg S, Azar Y. AP-1 expression and its clinical relevance in immune disorders 
and cancer. Am J Med Sci 2017;353:474-483. 

22. Fang H, Judd RL. Adiponectin Regulation and Function. Compr Physiol 2018;8:1031-1063. 
23. Schenk JM, Kristal AR, Neuhouser ML, Tangen CM, White E, Lin DW, Thompson IM. 

Serum adiponectin, C-peptide and leptin and risk of symptomatic benign prostatic 
hyperplasia: results from the Prostate Cancer Prevention Trial. Prostate 2009;69:1303-1311. 

http://mbrc.shirazu.ac.ir/


 
 
 
  

Sachdeva et al., / Mol Biol Res Commun 2022;11(2):85-96  DOI:10.22099/mbrc.2022.43721.1746      MBRC 

http://mbrc.shirazu.ac.ir                                                                96                                                               
  

24. DiSanto ME, Stein R, Chang S, Hypolite JA, Zheng Y, Zderic S, Wein AJ, Chacko S. 
Alteration in expression of myosin isoforms in detrusor smooth muscle following bladder 
outlet obstruction. Am J Physiol Cell Physiol 2003;285:C1397-C1410. 

25. Sakko AJ, Ricciardelli C, Mayne K, Tilley WD, Lebaron RG, Horsfall DJ. Versican 
accumulation in human prostatic fibroblast cultures is enhanced by prostate cancer cell-
derived transforming growth factor beta1. Cancer Res 2001;61:926-930. 

26. Andersson-Sjöland A, Hallgren O, Rolandsson S, Weitoft M, Tykesson E, Larsson-
Callerfelt AK, Rydell-Törmänen K, Bjermer L, Malmström A, Karlsson JC, Westergren-
Thorsson G. Versican in inflammation and tissue remodeling: the impact on lung disorders. 
Glycobiology 2015;25:243-251. 

27. Sreenivasulu K, Nandeesha H, Dorairajan LN, Rajappa M, Vinayagam V, Cherupanakkal C. 
Gene expression of insulin receptor, insulin-like growth factor increases and insulin-like 
growth factor-binding protein-3 reduces with increase in prostate size in benign prostatic 
hyperplasia. Aging Male 2018;21:138-144. 

28. Qian Q, He W, Liu D, Yin J, Ye L, Chen P, Xu D, Liu J, Li Y, Zeng G, Li M, Wu Z, Zhang 
Y, Wang X, DiSanto ME, Zhang X. M2a macrophage can rescue proliferation and gene 
expression of benign prostate hyperplasia epithelial and stroma cells from insulin-like 
growth factor 1 knockdown. Prostate 2021;81:530-542. 

29. Yang MH, Wu MZ, Chiou SH, Chen PM, Chang SY, Liu CJ, Teng SC, Wu KJ. Direct 
regulation of TWIST by HIF-1alpha promotes metastasis. Nat Cell Biol 2008;10:295-305. 

30. Li SH, Ryu JH, Park SE, Cho YS, Park JW, Lee WJ, Chun YS. Vitamin C supplementation 
prevents testosterone-induced hyperplasia of rat prostate by down-regulating HIF-1alpha. J 
Nutr Biochem 2010;21:801-808. 

31. Kim HJ, Park JW, Cho YS, Cho CH, Kim JS, Shin HW, Chung DH, Kim SJ, Chun YS. 
Pathogenic role of HIF-1α in prostate hyperplasia in the presence of chronic inflammation. 
Biochim Biophys Acta 2013;1832:183-194. 

32. Rosen ED, Spiegelman BM.  PPARgamma: a nuclear regulator of metabolism, 
differentiation, and cell growth. J Biol Chem 2001;276:37731-37734. 

33. Tontonoz P, Hu E, Spiegelman BM. Stimulation of adipogenesis in fibroblasts by PPAR 
gamma 2, a lipid-activated transcription factor. Cell 1994;79:1147-1156. 

34. Rosen ED, Sarraf P, Troy AE, Bradwin G, Moore K, Milstone DS, Spiegelman BM, 
Mortensen RM. PPAR gamma is required for the differentiation of adipose tissue in vivo 
and in vitro. Mol Cell 1999;4:611-617. 

35. Kristal AR, Arnold KB, Schenk JM, Neuhouser ML, Weiss N, Goodman P, Antvelink CM, 
Penson DF, Thompson IM. Race/ethnicity, obesity, health related behaviors and the risk of 
symptomatic benign prostatic hyperplasia: results from the prostate cancer prevention trial. 
J Urol 2007;177:1395-1400. 

36. Wang L, Xie L, Tintani F, Xie H, Li C, Cui Z, Wan M, Zu X, Qi L, Cao X. Aberrant 
Transforming Growth Factor-β Activation Recruits Mesenchymal Stem Cells During 
Prostatic Hyperplasia. Stem Cells Transl Med 2017;6:394-404. 

37. Schilit S, Benzeroual KE. Silodosin: a selective alpha1A-adrenergic receptor antagonist for 
the treatment of benign prostatic hyperplasia. Clin Ther 2009;31:2489-2502. 

38. Mónica FZ, De Nucci G. Tadalafil for the treatment of benign prostatic hyperplasia. Expert 
Opin Pharmacother 2019;20:929-937. 

 

http://mbrc.shirazu.ac.ir/

