
Proceeding of ICITS 2019 e-ISBN:978-967-2122-xx-x 

5th International Conference on Information Technology & Society 

August 20th, 2019, Selangor, MALAYSIA  

 

109 
 

In Silico Discovery of Potential Diagnostic Biomarkers 

Associated with Prostate Cancer 
 

Ruzianisra Mohamed
*
 and Siti Nursyaqira Binti Zainuddin 

 

Department of Pharmaceutical Life Sciences, Faculty of Pharmacy, Universiti Teknologi 

MARA (UiTM) Puncak Alam Campus, 42300 Bandar Puncak Alam, Selangor, Malaysia. 

*corresponding author: ruzianisra@uitm.edu.my 

 

Abstract 

Background. Prostate cancer (PCa) has become one of the most common forms of cancer in 

men worldwide. Biomarkers have started to be the most essential tools for detection, 

treatment and assessment since the variability of disease behaviour, the cost and diversity of 

treatment, and the related impairment of quality of life have given rises thus given us the 

need for a personalized approach. This study is focussing on identifying potential biomarkers 

for the diagnosis of prostate cancer through the study of hub genes involved in PCa and 

explore the underlying molecular mechanism of PCa.  

Methods. Gene Expression Omnibus (GEO) database has been used to identify the potential 

biomarkers of PCa from three extracted expression profiles (GSE46602, GSE55945, 

GSE38241). GEO2R tool was applied to examine the differentially expressed genes (DEGs) 

between PCa and normal prostate samples. Enrichr tool was used to perform Gene Ontology 

(GO) and KEGG pathway enrichment analysis. The protein-protein interactions (PPIs) 

network of the DEGs obtained was constructed using STRING database and by using 

Cytohubba plugin of Cytoscape, to identify the hub genes. The survival analysis was verified 

by using ProGeneV2 platform. 

Results. A total of 94 of up-regulated and 26 down-regulated genes were identified. Five 

KEGG pathways were significantly enriched, including endocytosis, hippo signalling 

pathway, proteoglycans in cancer, focal adhesion and drug metabolism. By combining the 

results of PPI network and Cytohubba, ten hub genes were identified including CAV1, 

SNAI2, PGR, MET, CALM1, CLU, PTN, CALD1, PTRF and TBX1. The ProGeneV2 

database confirmed that overexpression levels of these genes were associated with reduced 

overall survival except for SNAI2, CALM1, CLU and PTN. 

Conclusions. Our study suggests that CAV1, PGR, MET, CALD1, PTRF and TBX1 may be 

potential biomarkers and therapeutic targets for PCa.  
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1.0 Introduction 

 

Prostate cancer (PCa) is one of the most vital and common health problems among 

men. PCa has been known as the third leading cause of mortality in men even though five-

year survival rate of PCa is about 98.2% which can be considered as not life-threatening, 

however invasive PCa are estimated cause more than 29,000 deaths of men in United States 

in the year 2018. 
1
 Usually, the rate of PCa cases involving patient with the age of 40 is high. 

Hence, PCa considered as an older man disease because two-thirds of all PCa cases occur in 

men at the age of 65 years and above.
2
 In Malaysia, PCa rate is still lower compared to 

western countries. This probably due to the low of true incidences on PCa or low detection 

rates. Approximately about 40% of early-onset is due to hereditary prostate cancer while 10 

% of all prostate cancers.
3
  

Other factors like ethnicity, environment and life dietary also contribute to a high rate 

of PCa cases. For example, African-American men have a high exposure of being diagnosed 

with PCa. Not only that, but they also have a higher risk to get worrisome histologic features 

in the radical prostatectomy specimen than Caucasians. As for the Asian men, they, 

fortunately, have a lower risk of being diagnosed with PCa than Western men. However, if 

they decided to move to Western countries, they may develop a risk to have prostate cancer. 

In the term of dietary, people who consumed food with a high content of fat also exposed 

widely for being diagnosed with prostate cancer.
3
 

Usually, early detection of prostate cancers is done by using two common methods 

which are prostate-specific antigen (PSA) blood test or digital rectal exam (DRE). The men 

who develop PCa usually have PSA level more than 4ng/ml. However, it does not mean that 

men with PSA level below 4 are safe from being diagnosed with PCa. About 15 % of men 

with a PSA below than 4 show the result of developing PCa in a biopsy. The probability for 

the men with PSA level between 4 to 10ng/ml to have PCa is quarter and if the PSA level is 

more than 10ng/ml, the risk of having PCa increases to over 50 %.
3
 

For the past decade, PCa mortality rates have shown the declined due to the 

widespread use of PSA. PSA is the first choice biomarker used for the pre-detection of PCa 

and it is the only biomarker approved by the US Food and Drug Administration (FDA).
4
 

However, PSA does not represent an ideal biomarker because its commercial assay to 

measure PSA is not standardized. Recently, in silico approach has become useful new 

techniques to predict potential biomarkers.  Hence, we were able to diagnose cancer more 

efficiently and at the same time declining the mortality rates of the patients including Pca. 

The objective of this study is to identify potential biomarkers for diagnosis and early 

detection of prostate cancer through the study of transcription regulation of genes. We also 

need to identify the key regulatory genes by using computational approaches. This study is 

significant to find a new and accurate way for PCa screening process.  

 

2.0 Materials and methods 

 

2.1 Microarray data source 

Using the keyword “prostate cancer” to search on the GEO Datasets database 

(https://www.ncbi.nlm.nih.gov/geo/),
5
 a total of 2,271 series about prostate cancer (PCa) were 

retrieved from the database. After a careful review, three gene expression profiles on the 

GEO Datasets database (GSE46602, GSE55945, GSE38241) were downloaded. Among 

them, GSE46602 was based on Agilent GPL570 platform. 
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2.2 Screening for Differentially Expressed Genes (DEGs)  

GEO2R online analysis tool (http://www.ncbi.nlm.nih.gov/geo/geo2r)
5
 was performed to 

build the DEGs analysis between PCa and normal tissues and the corrected P-value and 

|logFC| were calculated. The cut-off criteria for this study to be considered as DEGs are 

corrected P-value <0.05 and |logFC| ≥ 1.0. Then, the Venn diagram was carried out for the 

intersection part by using Funrich software (http://funrich.org/).
6
 

2.3 GO and KEGG pathway analysis of DEGs  

Enrichr tool, (http://amp.pharm.mssm. edu/Enrichr/)
7
 is an essential application for the 

success of any high-throughput gene function analysis. Enrichr contains a huge collection of 

gene set libraries that is available for analysis and download. Currently, this tool contains 

180184 annotated gene sets from 102 gene set libraries. Gene functions can be classified into 

molecular function (MF), biological process (BP), and cellular component (CC). Kyoto 

Encyclopedia of Genes and Genomes (KEGG)
8
 is a database which keeps a lot of data about 

genomes, diseases, biological pathways, drugs and chemical substances. In this study, we 

analysed the DEGs that were significantly up- and down-regulated as determined from 

integrated microarray prostate cancer data, P<0.05 were considered statistically significant. 

2.4 Protein-protein interaction (PPI) network construction and hub gene identification  

Search Tool for the Retrieval of Interacting Genes (STRING) database (https://string-

db.org/)
9
 was used to generate the PPI network from the DEGs that have obtained. The PPI 

pairs were extracted with a combined score <0.4 and repeated interactions were removed. 

Then, by using Cytoscape software (http://www.cytoscape.org/) the PPI network topology 

was analysed. CytoHubba,
10

 a plugin tool in Cytoscape, was applied to calculate the degree 

of each protein node. Gene with 10 or more gene degrees in the PPI network were deemed as 

hub genes. 

2.5 Survival analysis of hub genes  

ProgGeneV2 (http://www.compbio.iupui.edu/proggene)
11

 is a tool that can be used to study 

prognostic implications of genes in various cancers including PCa. This tool contains data 

from 134 cohorts from 21 cancer types. The PCa database was applied to assess the 

prognostic values of each hub gene in PCa patients. The hazard ratio (HR) was given with 

95% confidence intervals, and log-rank P-value was calculated and displayed on the 

webpage.  

 

 

  

http://www.ncbi.nlm.nih.gov/geo/geo2r
http://funrich.org/
http://www.compbio.iupui.edu/proggene
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3.0 Results 

 

3.1 Identification of DEGs 

Three gene expression series (GSE46602, GSE55945, GSE38241) were selected in this study 

from GEO datasets. GSE44602 contained 14 normal samples and 36 PCa samples, and 

GSE55945 has 8 normal samples and 13 PCa samples, and GSE38241 with 21 normal 

samples and 18 PCa samples (Table 1). 1,282 DEGs were screened from GSE46602, with 

816 upregulated genes and 466 downregulated genes. 474 DEGs were obtained, when 

GSE55945 dataset was extracted using GEO2R which include 364 upregulated genes and 110 

downregulated genes. While in GSE38241, 1,807 DEGs were found with 1,240 upregulated 

and 571 downregulated genes. All DEGs were identified by comparing PCa samples and 

normal prostate samples and were screened by following these criteria, (P<0.05, and logFC 

≥1). Table 1 shows the details on the sample data of three datasets. Venn analysis was 

performed by using Funrich to get the intersection of DEGs profiles (Fig 1). Lastly, 120 

DEGs were overlapped among all three expression series, of which 94 were significantly 

upregulated genes and 26 were downregulated (Table 2).  

Table 1 Information on GEO PCa samples data 

References Sample GEO Platform Normal Tumour 

Mortensen et al. (2013)
12

 Prostate GSE46602 GPL570 14 36 

Arredouani et al. (2014)
13

 Prostate GSE55945 GPL570 8 13 

Martin J. Aryee et al. 

(2012)
14

 

Prostate GSE38241 GPL4133 21 18 
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Fig 1 Venn diagrams confirmed the intersection between the three GEO profiles (GSE46602, 

GSE55945, GSE38241). (A) Venn diagrams shows the intersection of up-regulated genes in 

GSE46602, GSE55945 and GSE38241 datasets. (B) Venn diagrams illustrating the 

intersection of down-regulated genes in GSE46602, GSE55945 and GSE38241 datasets.  
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Table 2 Screening DEGs in prostate cancer by integrated microarray 

DEGs Gene terms 

Upregulated EDNRB SPON1 HACD1 FERMT2 CCND2 EYA4 ANO5 

PPP1R3B PGM5 TMEM246 PGR ITIH5 ASPA MAF LGALS3 

HLF GPM6B RND3 CDKN1C SLC22A17 LIX1 SPG20 CALM1 

RGN DMKN SLC16A5 SCARA3 FZD7 KLF8 SGCB CELF2 

PDE4D PTRF ADAMTS5 EHD2 MBNL2 HIF3A CLU PCDH9 

PLCL1 GPR87 GPR161 LDB3 GSTM3 ANTXR2 MAGI2 PARM1 

SRD5A2 TMLHE ANGPT1 TCEAL2 GPX3 EFS FADS2 CFD 

NBL1 NDRG2 CAV2 MPZL2 ANXA2 NDNF DPT SV2B AOX1 

TGFB3 ID4 COL4A6 CYP3A5 ZBTB20 NIPAL3 LSAMP CCK 

SLC2A5 HOXD10 VWA5A FAM107A PDPN SNAI2 GAS1 

CAPG MYOF ZNF655 PTN MET ROR2 SPOCK3 CSRP2 

CALD1 ANXA1 TBC1D1 FRMD6 CAV1 PALLD PLAGL1 

Downregulated DNAH5 ABCC4 DLX1 TMC5 SIM2 TMEM45B TBX1 SLC19A1 

HPN ACSM1 ICA1 RRM2 CHDH ZNF30 CACNA1D BIRC5 

PDLIM5 NUSAP1 RCC1 CGREF1 SLC43A1 AMACR UCK2 

GLYATL1 TRPM4 APOC1 

 

3.2 Functional enrichment analyses of DEGs 

Enrichr tool was used to perform GO function and KEGG pathway enrichment analysis for 

DEGs. The enriched GO terms were classified into molecular function (MF), biological 

process (BP), cellular component (CC) ontologies. The GO analysis was performed for both 

up-regulated and down-regulated DEGs. GO analysis results indicated that upregulated DEGs 

were mainly enriched in BP, including positive regulation of vesicle fusion, regulation of cell 

communication by electrical coupling, positive chemotaxis, positive regulation of receptor-

mediated endocytosis and regulation of cell communication by electrical coupling involved in 

cardiac conduction (Fig 3A). MF results present that the DEGs were significantly involved in 

phospholipase inhibitor activity, adrenergic receptor binding, patched binding, inositol 

triphosphate kinase activity and co receptor activity involved in Wnt signalling pathway, 

planar cell polarity pathway (Fig 3B). As for CC, the DEGs were enriched in dystrophin-

associated glycoprotein complex, membrane raft, caveola, extrinsic component of external 

side of the plasma membrane and platelet alpha granule lumen (Fig 3C). 

KEGG pathway analysis showed that DEGs were mainly enriched in pathways endocytosis, 

Hippo signalling pathway, proteoglycans in cancer, focal adhesion and drug metabolism (Fig 

3D).  
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Fig 3 GO and KEGG pathway enrichment analyses by Enrichr on up-regulated DEGs. (A) 

The top ten enriched BP for up-regulated DEGs. The x-axis indicated the number of genes 

and the y-axis represents the BP. (B) The top ten MF for up-regulated DEGs. The x-axis 

represents the number of genes while the y-axis indicated MF. (C) The top ten enriched CC 

of up-regulated CC for DEGs. The x-axis represents the number of genes and the y-axis 

represents CC. (D) The top ten enriched KEGG pathway for up-regulated DEGs. The x-axis 

indicated the number of genes and the y-axis represents KEGG pathway names.   

The results of GO analysis for down-regulated DEGs confirmed that the DEGs were 

mainly enriched in BP, including cochlea morphogenesis, membrane depolarization during 

cardiac muscle cell action potential, sensory perception of sound, positive regulation of 

cardiac muscle contraction and determination of bilateral symmetry (Fig 4A). MF analysis 

present that the DEGs were significantly involved in Ran GTPase binding, actinin binding, 

calcium activated cation channel, fatty acyl CoA synthase activity and phospholipase 

inhibitor activity (Fig 4B). As for CC, the DEGs were enriched in spanning component of 

plasma membrane, platelet dense granule membrane, nuclear chromosome, outer dynein arm 

and L-type voltage-gated calcium channel complex (Fig 4C).  

KEGG pathway analysis showed that DEGs were mainly enriched in pathways in 

insulin secretion, pyrimidine metabolism, metabolic pathway, cAMP signalling pathway and 

vitamin digestion and absorption (Fig 4D). 

 

A B 

C D 
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Fig 4 GO and KEGG pathway enrichment analyses by Enrichr on down-regulated DEGs. (A) 

The top ten enriched BP for down-regulated DEGs. The x-axis indicated the number of genes 

and the y-axis represents the BP. (B) The top ten MF for down-regulated DEGs. The x-axis 

represents the number of genes while the y-axis indicated MF. (C) The top ten enriched CC 

of down-regulated CC for DEGs. The x-axis represents the number of genes and the y-axis 

represents CC. (D) The top ten enriched KEGG pathway for down-regulated DEGs. The x-

axis indicated the number of genes and the y-axis represents KEGG pathway involved.   

 

3.3 PPI network construction and hub gene identification 

STRING database was used to predict the protein-protein interaction (PPI) among the DEGs. 

A total of 120 nodes and 642 edges were joined in the PPI network, as showed in Fig 5. The 

top ten genes evaluated by its connectivity degree in the PPI network were identified, (Fig 5). 

The results showed that Caveolin 1 (CAV1) was the most prominent gene with connectivity 

degree = 37, followed by Snail Family Transcriptional Repressor 2 (SNAI2, degree=34), 

Progesterone receptor (PGR, degree=31), MET Proto-Oncogene, Receptor Tyrosine Kinase 

(MET, degree=30), Calmodulin 1(CALM1, degree=27), Clusterin (CLU, degree=27), 

Pleiotrophin (PTN, degree=26), Caldesmon 1 (CALD1, degree=24), cavin1 (PTRF, 

degree=23) and T-Box 1 (TBX1, degree=23). All of these hub genes were upregulated genes 

except TBX1.  

A B

B 

C D 
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 Fig 5 STRING PPI networks of 94 upregulated and 26 downregulated genes. The network 

includes 120 nodes and 642 edges. Circles indicated the genes and lines represent the 

interaction of proteins between each gene. Line colour shows the interaction between the 

proteins.    
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Fig 6 PPI networks by using Cytohubba plugin. Node colour reflects the degree of 

connectivity. The intensity on colour from red to yellow represents the top ten hub genes rank 

from 1-10 arranged based on their degree of connectivity.  
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3.4 Survival analysis of ten hub genes 

PROGeneV2 was used to assess the prognostic values and survival curves of the ten hub 

genes (Fig 7). The curves indicated that six significant DEGs, such as CAV1, PGR, MET, 

CALD1, PTRF and TBX1 were found to be associated with unfavourable overall survival in 

PCa patients. The other four significant upregulated genes, SNAI2, CALM1, CLU and PTN 

were found to be associated with favourable over survival in PCa patients. 
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Fig 7 PROGeneV2 overall survival analysis for the top ten hub genes expressed in PCa 

patient samples. (A) CAV1, (B) SNAI2, (C) PGR, (D) MET, (E) CALM1, (F) CLU, (G) 

PTN, (H) CALD1, (I) PTRF, (J)TBX1 
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4.0 Discussion  

In this study, 94 of upregulated DEGs and 26 of downregulated DEGs between PCa 

and normal prostate cell were recognized after coordinating and screening three gene 

expression profile series from GEO database which are (GSE46602, GSE55945, GSE38241). 

All of these 120 DEGs were branched into groups by GO functional annotation (MF, BP, and 

CC). The results of functional enrichment analysis marked that significant up-regulated 

DEGs in PCa patients were involved in GO BP terms such as positive regulation of vesicle 

fusion, regulation of cell communication by electrical coupling, positive chemotaxis, positive 

regulation of receptor-mediated endocytosis and regulation of cell communication by 

electrical coupling involved in cardiac conduction. As for down-regulated DEGs, functional 

enrichment analysis involved in GO BP terms are cochlea morphogenesis, membrane 

depolarization during cardiac muscle cell action potential, sensory perception of sound, 

positive regulation of cardiac muscle contraction and determination of bilateral symmetry. 

In KEGG pathway analysis, 120 DEGs were enriched in the signalling pathway in 

endocytosis, Hippo signalling pathway, proteoglycans in cancer, focal adhesion, drug 

metabolism, insulin secretion, pyrimidine metabolism, metabolic pathway, cAMP signalling 

pathway and vitamin digestion and absorption. A DEGs-encoding protein PPI network was 

established to screen the most correlated genes, and ten hub genes were identified, including 

CAV1, SNAI2, PGR, MET, CALM1, CLU, PTN, CALD1, PTRF and TBX1. All of these 

genes were up-regulated genes in PCa patients except for TBX1. Moreover, PROGeneV2 

was performed to assess the effect of these ten hub genes on survival in PCa patients. Based 

on the PROGeneV2 result, overexpression of CAV1, PGR, MET, CALD1, PTRF and TBX1 

were related to unfavourable overall survival in PCa patients. While overexpression of the 

other four upregulated genes, SNAI2, CALM1, CLU and PTN were found to be associated 

with favourable over survival in PCa patients. Thus, may guide the prognostic process of 

PCa. 

Caveolin 1 (CAV1) is the basic of caveolae plasma membranes which found in most 

cell types and involved in many cellular processes such as cell adhesion, molecular transport 

and signal transduction.
15

 This protein links integrin subunit to the tyrosine kinase FYN, 

which is the starting step in coupling integrins to the Ras-ERK pathway and inducing cell 

cycle progression which mutation of CAV1 expression may cause the failure of homeostatic 

maintenance, thus leading to an inclined frequency of PCa.
15

 Satoru Sugie et al (2013) found 

that CAV1 expression increased in prostate, colon, breast and oesophagus cancer showed that 

it plays a positive role in tumour progression.
16

 CAV1 also promotes pro-angiogenic activity 

in PCa through the phosphoinositol-3-kinase or protein kinase B (AKT)/endothelial NO 

synthase (eNOS) signalling pathway. The mechanisms regarding CAV1 mediates oncogenic 

activity showed that CAV1 holds AKT in an activated form in PCa cells by binding to and 

inhibiting the serine/threonine protein phosphatases PP1 and PP2A.
16

  

Snail Family Transcriptional Repressor 2 (SNAI2) is a member of the Snail family of 

zinc finger transcription factor. It acts as a transcriptional repressor that recognizes and binds 

to E-box motifs and decrease E-cadherin transcription in breast carcinoma. Anti-apoptotic 

activity and involved in epithelial-mesenchymal transitions also one of the characteristics of 

SNAI2. SNAI2 also involved in the up-regulation of mesenchymal marker, for example, 

vimentin which is one of the characteristics of EMT in PCa cells and enhanced invasiveness 

which can be reversed by the knockdown of SNAI2.
17

 SNAI2 gene silencing abolishes 

CHGA expression and reduces ENO2, whereas its over-expression substantially up-regulates 

CHGA and SYP expression (Supplement 2). The close correlation between expression of 

NED markers and SNAI2 in the clinical samples from the study of Sylvia Esposito et al. 
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(2015) suggested that SNAI2 expression promotes NED within high-grade PCa thus 

favouring the tumour progression.
18

 

Progesterone receptor or PGR is a member of steroid receptor superfamily and 

involve in the reproductive event. PGR isoforms (PGRA and PGRB) suppress prostate 

stromal cell proliferation through inhibition expression of cyclin-A, cyclin-B, and CDC25C, 

thus delaying cell cycling through S and M phases.
19

 A study by Chen et al, PGR protein 

expression was increased after Androgen receptor pathway inhibition (ARPI) treatment 

compared to that in hormone-naive tumours and benign prostate stroma. It is reasonable for 

PGR to bind to androgen response element due to their high sequence and similarities on 

structural between AR and PGR.
20

 

Mesenchymal-Epithelial Transition MET is a prototypical receptor tyrosine kinase. Its 

ligand is the Hepatocyte Growth Factor (HGF). The mutations of this gene are the driver of 

human cancer. MET has shown the involvement in metastasis and development of PCa in 

various in vitro and in vivo studies. Orthotopic tumour formation and migration are induced 

by the activation of HGF/MET axis in PCa cell lines.
21

 Another study by Van Lenders and 

colleagues state that the activation of the HGF/c-MET pathway also enhances stem-like 

phenotype, preferentially at the invasive front of human PCa. Stem-like cells, therefore, 

might be mediating invasion at the perimeter of PCa. Hence, by the suppressing the c-MET 

has the capability in blocking stem-like cell transition and therefore is a promising biomarker 

for therapy PCa.
22

  

CALM1 or Calmodulin 1 is a member of the EF-hand calcium-binding protein family 

which encode an identical calcium-binding protein (subunits of phosphorylase kinase). Based 

on a study by Adeola and colleagues state that there are three, COL6A1, FGFR2 and CALM1 

demonstrated promise as biomarkers of PCa based on their differential expression in the 

cancer antigen array and shotgun proteomics experiment.
23

  

Clusterin is a secreted chaperone that can be found in the cell cytosol and involved in 

several basic biological events such as tumour progression, cell death and neurodegenerative 

disorders. CLU silencing induces activation of Cdc25C via the protein phosphatase PP2A. 

This will lead to relief of negative feedback inhibition and activate Wee1‐ Cdk1 to promote 

survival.
24

 

Pleiotrophin (PTN) is a secreted heparin-binding growth factor. The protein involves 

in cell growth and survival, angiogenesis, cell migration and tumorigenesis. According to a 

cohort study conducted by Lei-Yun Wang et al state that SPOCK3, SPON1, PTN and TGFB3 

were correlated with progression-free survival of PCa patient.
25

 PTN could suppress the 

differentiation of epithelial cells. PTN also regulates hematopoietic stem cell expansion and 

regeneration and depend on hematopoietic stem cell niches. Thus, confirmed that PTN plays 

a role in PCa bone metastasis by targeting the hematopoietic stem cell niches.
26

 

Caldesmon1 (CALD1) is a gene that generate calmodulin and actin-binding protein 

mainly involved in the regulation of smooth and non-muscle contraction. This protein also a 

aggressive inhibitor of actin-tropomyosin activated myosin MgATPase and act as a mediator 

for Calcium dependent inhibition of smooth muscle contraction. Down-regulation of CALD1 

increased migration and invasion of PCa cells. CALD1 which able to bind and stabilize actin 

suggest that this gene act as putative modulator of PCa cell lines actin-cytoskeletal 

remodelling. 
27

 However, from a study of Kasper Thorsen, CALD1 isoform including an 

extended form of exon 5 and 6, was decline or absent in colon, bladder and metastatic PCa.
28
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PTRF or also called as CAVIN1 is a Caveolae Associated Protein 1 that enables the 

dissociation of polymerase I transcription complexes and regulates rRNA transcription. This 

protein plays a critical role in the formation of caveolae and caveolins stabilization. Cavin-1 

reduced the extracellular vesicle content of some proteins which involves in bone 

remodelling and elevated circulating levels of IL-6, TGF-β and activin-A that are present in 

the bone microenvironment are associated with metastatic PCa. Cavin-1-PC3-Extracellular 

Vesicles cannot induce full osteoclastogenesis without soluble secretome. Thus, shows that 

soluble factor not released via extracellular vesicle.
28

 Other study proves that PTRF in PCa 

cells decreases their angiogenic and lymphangiogenic potential by inhibiting vital steps, for 

example, blood and lymphatic extracellular proliferation, migration, and also tube formation. 

Down-regulation of PTRF in PCa cells enhances these activities. Thus, conclude that PTRF 

expression inhibits PCa aggressiveness.
29

 

T-Box1 (TBX1) is a member of T-box that share a common DNA-binding domain 

among its family. This gene encodes the transcription factors involved in the regulation of 

developmental processes. From one of the journals written by Pei-Chun Lin et al, state that 

overexpressed RARRES2 and TBX1 were identified to be related to aberrant regulation of 

Retinoic Acid signalling by inhibits the signalling due to downregulation of ALDH1a2 and 

PCNA during PCa progression.
30

  

 

5.0 Conclusion 

In conclusion, we have identified some key genes and systematically the BP and 

signalling pathways related to PCa initiation and development. From our study, these genes 

(CAV1, PGR, MET, CALD1, PTRF and TBX1) may be the potential biomarkers of PCa. 

Thus, further studies on SNAI2, CALM1, CLU and PTN need to be done in future. Genotype 

data sharing of the individual with healthcare professionals, investigators and specialists may 

be amenable as the potential therapeutic interventions. 
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