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Identification of potential diagnostic and prognostic
biomarkers for prostate cancer
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Abstract. Prostate cancer (PCa) is one of the most common
malignant tumors worldwide. The aim of the present study was
to determine potential diagnostic and prognostic biomarkers
for PCa. The GSE103512 dataset was downloaded, and the
differentially expressed genes (DEGs) were screened. Gene
Ontology (GO), Kyoto Encyclopedia of Genes and Genomes
(KEGG) and protein-protein interaction (PPI) analyses of
DEGs were performed. The result of GO analysis suggested that
the DEGs were mostly enriched in ‘carboxylic acid catabolic
process’, ‘cell apoptosis’, ‘cell proliferation’ and ‘cell migra-
tion’. KEGG analysis results indicated that the DEGs were
mostly concentrated in ‘metabolic pathways’, ‘ECM-receptor
interaction’, the ‘PI3K-Akt pathway’ and ‘focal adhesion’. The
PPI analysis results showed that Golgi membrane protein 1
(GOLM1), melanoma inhibitory activity member 3 (MIA3),
ATP citrate lyase (ACLY) and G protein subunit 32 (GNB2)
were the key genes in PCa, and the Module analysis revealed
that they were associated with ‘ECM-receptor interaction’,
‘focal adhesion’, the ‘PI3K-Akt pathway’ and the ‘metabolic
pathway’. Subsequently, the gene expression was confirmed
using Gene Expression Profiling Interactive Analysis and the
Human Protein Atlas. The results demonstrated that GOLM1
and ACLY expression was significantly upregulated (P<0.05)
in PCa compared with that in normal tissues. Receiver oper-
ating characteristic and survival analyses were performed.
The results showed that area under the curve values of these
genes all exceeded 0.85, and high expression of these genes
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was associated with poor survival in patients with PCa. In
conclusion, this study identified GOLMI1 and ACLY in PCa,
which may be potential diagnostic and prognostic biomarker
of PCa.

Introduction

Prostate cancer (PCa) is the most common cancer world-
wide, and its incidence rate has increased continuously in
recent years; the number of new cases of PCa worldwide
increased from 1.11 million in 2015 to 1.28 million
in 2018 (1-3). It has been estimated that >1 million men
are diagnosed and >300,000 succumb to the disease annu-
ally (4). Although radical prostatectomy is an effective
treatment, early detection of PCa is difficult (2). Therefore,
early diagnosis is extremely important for PCa treatment.
At present, prostate-specific antigen (PSA) is used as a
biomarker for PCa diagnosis (5). however, this method has
numerous defects. For example, the specificity is low when
PSA is moderately elevated (6,7). As a result, identification
of more specific biomarkers is essential in order to detect
patients at an early stage of PCa and to provide patients with
an optimal treatment.

Microarrays are an efficient tool for analysis of differ-
entially expressed genes (DEGs) and could be applied to
identify potential biomarkers for the diagnosis and prognosis
of cancer (8,9). During the past decade, various DEGs in
colorectal cancer and pancreatic carcinoma have been identi-
fied using microarrays (10,11). However, the results indicated
that these biomarkers are not enough for the diagnosis and
prognosis of PCa, and no reliable biomarker was validated for
clinical use (12). Therefore, potential diagnostic and prognostic
biomarkers need to be further identified using microarrays and
bioinformatics.

The aim of the present study was to determine poten-
tial diagnostic and prognostic biomarkers of PCa. Firstly,
the GSE103512 dataset was analyzed and the DEGs were
screened. Secondly, Gene Ontology (GO), Kyoto Encyclopedia
of Genes and Genomes (KEGG) and protein-protein interac-
tion (PPI) analyses of DEGs were performed. The expression
of key genes was verified using Gene Expression Profiling
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Interactive Analysis (GEPIA) and Human Protein Atlas (HPA)
analysis. Finally, receiver operating characteristic (ROC) and
survival analyses were performed to evaluate the diagnostic
and prognostic value of these genes.

Materials and methods

Differential expression analysis. The mRNA expression
profile of the GSE103512 dataset was downloaded from
Gene Expression Omnibus (GEO) (http://www.ncbi.nlm.nih.
gov/geo/). The dataset included 60 PCa samples and 7 normal
prostate samples (13). The expression profile of GSE103512
was subsequently analyzed using Morpheus online tool
(https://software.broadinstitute.org/morpheus/) (14). A clas-
sical t-test was used to identify the DEGs between PCa and
normal prostate tissue. A fold-change >2 and P<0.05 were
considered to indicate a statistically significant difference.

GO and KEGG pathway analysis. To characterize the function
and pathway of DEGs, GO and KEGG pathway analyses were
performed using the Database for Annotation, Visualization
and Integrated Discovery (https://david.ncifcrf.gov/) (9).
P<0.05 was considered as statistically significant.

PPI network and module analysis. To assess the interactive
associations among DEGs, the DEGs were analyzed using the
Search Tool for the Retrieval of Interacting Genes/Proteins
database, and a score >0.4 was considered significant (15).
Subsequently, PPI network was built by the Cytoscape software
(version 3.3.0) (16). Finally, the modules were selected using
the plug-in Molecular Complex Detection (MCODE), and the
pathway analysis was conducted in the modules. P<0.05 was
considered as significant (16).

Validation of gene expression. In this study, GEPIA
(http://gepia.cancer-pku.cn/) was used to verify the reli-
ability of the mRNA expression of genes (17). HPA database
(https://www.proteinatlas.org/) was applied to confirm the
protein expression of genes between PCa and normal prostate
tissues based on immunohistochemistry (IHC) (17).

ROC analysis and survival analysis. To assess the sensitivity
and specificity of the key genes for PCa diagnosis, ROC
curves were created by GraphPad Prism software (version 7.0,
GraphPad Software, Inc.), based on the data of GSE103512,
and the area under the curve (AUC) was used to evaluate the
ROC effect (11). In addition, GEPIA was used to further verify
the prognostic value of the genes (18).

Results

Identification of DEGs. A total of 2,000 DEGs were
screened from GSE103512, including 1,000 upregulated and
1,000 downregulated genes, comparing between PCa and
normal prostate tissues. The heat map, including the top 40
downregulated and 40 upregulated genes, is presented in
Fig. 1.

GO and KEGG pathway analysis. To delineate the func-
tion of the DEGs, GO and KEGG pathway analyses were
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conducted. The results of GO analysis indicated that
the DEGs were mostly enriched in biological processes,
including ‘carboxylic acid catabolic process’, ‘negative
regulation of cell death’, ‘apoptotic process’, ‘cell prolifera-
tion” and ‘cell migration’ (Table I). For cell component, the
DEGs were mostly concentrated in ‘Golgi apparatus part’,
‘endoplasmic reticulum’, ‘extracellular matrix’, ‘receptor
complex’ and ‘anchoring junction’. For molecular function,
the DEGs were mainly concentrated in ‘coenzyme binding’,
‘transferase activity’, ‘transferring acyl groups’, ‘calcium ion
binding’ and ‘phosphatidylserine binding’. In addition, the
KEGG analysis results suggested that the DEGs were mostly
concentrated in ‘metabolic pathways’, ‘ECM-receptor inter-
action’, the ‘PI3K-Akt pathway’, ‘pathways in cancer’ and
‘focal adhesion’ (Table II).

PPI analysis of DEGs. A total of four key genes with high
degrees of interaction were selected using the Cytoscape
software. The key genes included Golgi membrane protein 1
(GOLM1), melanoma inhibitory activity member 3 (MIA3),
ATP citrate lyase (ACLY) and G protein subunit 2 (GNB2).
Furthermore, the top three modules were obtained using
plug-ins MCODE analysis (Fig. 2). The results of enrichment
analysis revealed that the genes in the modules were associated
with ‘ECM-receptor interaction’, ‘focal adhesion’, ‘PI3K-Akt
pathway’, ‘PPAR pathway’, ‘AMPK pathway’, ‘metabolic
pathways’, ‘pathways in cancer’, ‘gap junction’ and ‘cell cycle’
(Table III).

Validation of key genes expression. The expression of key
genes was identified by GEPIA and HPA analysis. The results
of GEPIA analysis suggested that the mRNA expression of
MIA3 and GNB2 was slightly upregulated in PCa (P>0.05),
and the expression of GOLMI1 and ACLY was upregulated
significantly (P<0.05). In addition, IHC results from HPA
showed that GOLMI1 and ACLY expression was upregulated
significantly in PCa compared with that in normal prostate
tissues (Fig. 3).

Identification of key genes for diagnosis and prognosis of PCa.
To evaluate the potential efficiency of these four genes as diag-
nostic biomarkers, ROC curves were prepared. AUC values of
GOLMI, MIA3, ACLY and GNB2 were >0.85, suggesting that
these four genes had high sensitivity and specificity for PCa
diagnosis (Fig. 4A-D). These results indicated that GOLMI,
MIA3, ACLY and GNB2 may be used as biomarkers for the
diagnosis of PCa.

Survival analysis of the key genes conducted using GEPIA
data. The results demonstrated that GOLM1 and ACLY
were significantly associated with the prognosis of patients
(P<0.05), and high expression of these genes was associated
with a poor prognosis (Fig. 4E-H). The data suggested that
GOLMI and ACLY may serve as candidate biomarkers for the
prognosis of PCa.

Discussion

PCa is the most prevalent cancer in males, and an early
diagnosis is difficult (1,2). Therefore, novel diagnostic and
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Figure 1. Heat map of the top 80 differentially expressed genes, including 40 upregulated genes and 40 downregulated genes. Red represents upregulated genes

and blue represents downregulated genes.

prognostic biomarkers need to be further examined. In the
present study, GSE103512 was downloaded and 2,000 DEGs
were screened using bioinformatics analysis. The results of
GO and KEGG analyses revealed that the DEGs were mostly
enriched in ‘carboxylic acid catabolic process’, ‘cell apoptosis’,
‘cell proliferation’ and ‘cell migration’. PPI analysis indicated

that GOLM1, MIA3, ACLY and GNB2 were the key genes
with high degrees. The results of GEPIA and HPA analysis
showed the expression of GOLMI1 and ACLY was upregulated
in PCa tissues. ROC analysis and survival analysis suggested
that GOLMI1 and ACLY may be used as biomarkers for the
diagnosis and prognosis of PCa.
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Table I. GO annotation of differentially expressed genes in prostate cancer.
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A, Upregulated genes

Category Term/gene function Count P-value
GOTERM_BP_FAT Carboxylic acid catabolic process 14 2.3x10°
GOTERM_BP_FAT Organic acid catabolic process 14 1.0x10°
GOTERM_BP_FAT Oxoacid metabolic process 28 2.0x107
GOTERM_BP_FAT Cellular amino acid metabolic process 14 3.5x10°3
GOTERM_BP_FAT Small molecule catabolic process 15 2.2x10*
GOTERM_CC_FAT Golgi apparatus part 34 4.5x107
GOTERM_CC_FAT Endoplasmic reticulum 42 2.1x10*
GOTERM_CC_FAT Membrane-bounded vesicle 74 3.0x10*
GOTERM_CC_FAT Extracellular exosome 60 5.9x10*
GOTERM_CC_FAT Cell junction 29 3.0x10
GOTERM_MF_FAT Coenzyme binding 11 2.0x10*
GOTERM_MF_FAT Transferase activity, transferring acyl groups 10 1.0x10
GOTERM_MF_FAT Secondary active transmembrane transporter activity 9 1.4x102
GOTERM_MF_FAT Ligase activity 12 2.3x107
GOTERM_MF_FAT Cadherin binding 9 5.6x107?
B, Downregulated genes

Category Term/gene function Count P-value
GOTERM_BP_FAT Negative regulation of cell death 21 1.5x10°¢
GOTERM_BP_FAT Apoptotic process 28 1.9x10°¢
GOTERM_BP_FAT Cell proliferation 30 2.0x10°¢
GOTERM_BP_FAT Regulation of signal transduction 39 5.3x10°
GOTERM_BP_FAT Cell migration 20 8.7x10*
GOTERM_CC_FAT Extracellular matrix 14 39x107
GOTERM_CC_FAT Receptor complex 8 2.2x10?
GOTERM_CC_FAT Anchoring junction 9 4.5x10?
GOTERM_CC_FAT Cell surface 11 5.8x10
GOTERM_CC_FAT Adherens junction 8 8.4x107?
GOTERM_MF_FAT Calcium ion binding 14 9.3x10*
GOTERM_MF_FAT Phosphatidylserine binding 4 1.4x10°
GOTERM_MF_FAT Ion binding 33 5.5x107
GOTERM_MF_FAT Receptor activity 19 5.7x1072
GOTERM_MF_FAT Molecular transducer activity 19 5.7x10

GO, Gene Ontology; BP, biological process; CC, cell component; MF, molecular function.

COLBAT — _  |TGAD

\

/,/

ACACB ——

RNF1448

-

Figure 2. Top three modules from the protein-protein interaction network. (A) Module 1; (B) Module 2; (C) Module 3.

SCD C ADEYS
s e / /.-"I"l \;\\ s
ACOX1 ale paL AN /
W/:/",-'_ : x;\\\ \‘7/
\ '.‘\ oL \ “\\\ PLKY \H
\ = ! \\\_ RS
\'\
i —”"f / "“*L\\'.( \E‘ ‘
e \\:ﬁif;fiiéxgk7%;// \\\Q: x:;{!r“74// A\
— )



ONCOLOGY LETTERS 18: 4237-4245, 2019 4241

Table II. KEGG pathway analysis of differentially expressed genes in prostate cancer.

A, Upregulated genes

KEGG term

Count P-value

Genes

Metabolic pathways

Amino sugar and nucleotide sugar metabolism
Protein processing in endoplasmic reticulum

Glycerophospholipid metabolism
Adipocytokine signaling pathway

39 2.5x10°¢

4 3.5x1072
7 4.1x1072
5 5.4x1072
4 8.7x10

AGPAT3, DHCR24, ABAT, DHCR7, ADPGK, ACLY,
CDS1, GMDS, NANS, UAP1, ACACB, ADII1, ACADS,
ACSL1, ALDH6A1, AKR1A1, CRLS1, CHDH, DCXR,
DDOST, FASN, GCNT2, GLUD2, HGD, MGAT4A,
MOGS, MBOAT2, MCCC2, MTMR3, PLA2GI2A,
PAFAHIB3, GALNT7, RDHI1, SORD, SAT1, SMS,
SYNJ2, TALDO1, TUSC3

GMDS, NANS, UAP1, PGM3

SECI13, SEC24A, XBP1, DDOST, MOGS, MAPK9,
TUSC3

AGPAT3, CDS1, CRLS1, MBOAT2, PLA2G12A
ACACB, ACSL1, CAMKK2, MAPK9

B, Downregulated genes

KEGG term

Count P-value

Genes

ECM-receptor interaction
PI3K-Akt signaling pathway
Pathways in cancer

Focal adhesion

Regulation of lipolysis in adipocytes

8 9.2x10¢

12 1.3x10*

11 1.8x10?

8 2.0x107

4 1.2x1072

COL4AS, COL5A3, COL6A1, HSPG2, ITGB4, LAMA2,
LAMAS, TNXB

ANGPT1,COL4AS,COL5A3, COL6A1, FGF10, FGFR1,
ITGB4, LAMA2, LAMAS, LPAR1, PTEN, TNXB
ADCYS5, COL4AS, FGF10, FGFR1, LAMA2, LAMAS,
LPARI, PTEN, PML, PTGER3, TCF7L1
COL4AS5,COL5A3,COL6AL,ITGB4, LAMA2,LAMAS,
PTEN, TNXB

ADCYS5,NPR1, PTGER3, PRKGI

KEGG, Kyoto Encyclopedia of Genes and Genomes; ECM, epithelial-mesenchymal transition.

Table III. Enriched pathways in modules.

Module Gene set

FDR

Nodes

1 ECM-receptor interaction

Focal adhesion
PI3K-Akt signaling pathway
2 PPAR signaling pathway
AMPK signaling pathway
Metabolic pathways
3 Pathways in cancer
Gap junction
Cell cycle

1.94x10" GOLM1, MIA3, LAMAS, ITGA9, LAMB2, ITGB6,
MGAT4A, QSOX1, ITGB4, MFGES, COL6A1, GAS6,
LAMA2, ADAM10

3.88x101°
9.34x10°%

6.92x10°%% ACLY,ACSLI, CPT2,ACOX1,ACACB, FASN, SCD

3.16x10%
6.41x10

3.63x10 GNB2,ADCYS5, ANAPCS, BUB3, CASR, NDCS80, PLK1,
1.4x10% VHL,RNF144B,AREL1,PTGER3,NDE1,GPSM1,TRIM36,
1.5x10 FBXW7,LPAR1,ADCY9, CKAPS5, MKRN1, BDKRB2

FDR, false discovery rate; ECM, epithelial-mesenchymal transition; PPAR, peroxisome proliferator-activated receptor.

Morpheus is a useful online tool for analyzing gene
expression that could be used to select DEGs (16). Therefore,

GSE103512 was downloaded and analyzed by Morpheus in
the present study. The results showed that 2,000 DEGs were
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Figure 3. Expression of key genes in prostate cancer and normal prostate tissues. (A-D) The mRNA expression of the key genes was obtained from GEPIA
(http://gepia.cancer-pku.cn/), including (A) GOLM1 (http://gepia.cancer-pku.cn/detail.php?gene=GOLM1), (B) MIA3 (http://gepia.cancer-pku.cn/detail.
php?gene=MIA3), (C) ACLY (http://gepia.cancer-pku.cn/detail.php?gene=ACLY) and (D) GNB2 (http://gepia.cancer-pku.cn/detail.php?gene=GNB2). Red
data columns represent prostate cancer; black data columns represent normal prostate tissues; T, tumor; N, normal. (E-L) Immunohistochemistry images of
protein expression of genes were obtained from the Human Protein Atlas (https:/www.proteinatlas.org/), including (E) GOLMI (https://www.proteinatlas.
org/ENSG00000135052-GOLM 1/pathologyrtissue/prostate+cancer#img),(F)MIA3(https:/www.proteinatlas.org/ENSG00000154305-MIA3/pathology/tissue/prostate+cancer#img),
(G) ACLY (https://www.proteinatlas.org/ENSG00000131473-ACLY/pathology/tissue/prostate+cancer#img) and (H) GNB2 (https://www.protein-
atlas.org/ENSG00000172354-GNB2/pathology/tissue/prostate+cancer#img) in prostate cancer tissues, and (I) GOLMI1 (https://www.proteinatlas.
org/ENSG00000135052-GOLM 1/tissue/prostate),(J)MIA3 (https://www.proteinatlas.org/ENSG00000154305-M1A3/tissue/prostate),(K) ACLY (https://www.
proteinatlas.org/ENSG00000131473-ACLY/tissue/prostate) and (L) (https://www.proteinatlas.org/ENSG00000172354-GNB2/tissue/prostate) in control

tissues. Magnification, x40. "P<0.05. PRAD, prostate cancer; control, normal prostate tissues; GOLMI, Golgi membrane protein 1; MIA3, melanoma inhibi-
tory activity member 3; ACLY, ATP citrate lyase; GNB2, G protein subunit 32.
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Figure 4. Identification of key genes for the diagnosis and prognosis of PCa. ROC analysis of the top four key genes was performed in PCa and normal prostate
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screened, including 1,000 upregulated and 1,000 downregu-
lated genes, in PCa compared with normal prostate tissues.
A previous study has revealed that co-expressed genes are
associated by similar biological function and signaling path-
ways (9). As a result, GO and KEGG analysis was further
performed.

GO analysis indicated that the DEGs were mostly
enriched in ‘carboxylic acid catabolic process’, ‘cell apop-
tosis’, ‘cell proliferation’ and ‘cell migration’ (Table I).
These results indicated that the dysregulation of cell prolif-
eration and cell migration was an important factor in the
occurrence and metastasis of cancer (19,20). KEGG analysis
indicated that the DEGs were mostly concentrated in ‘meta-
bolic pathways’, ‘ECM-receptor interaction’, the ‘PI3K-Akt
pathway’ and ‘focal adhesion’ (Table II). Previous studies
reported that cancer metabolism has emerged as an indis-
pensable process of tumorigenesis (21,22). Recent studies
demonstrated that ‘ECM-receptor interaction’ and ‘focal
adhesion’ were associated with tumor occurrence and
metastasis (23,24). Furthermore, another study implied that
the ‘PI3K-Akt pathway’ served an important role in PCa
progression (25).

PPI analysis was also performed in the present study and
the following key genes with high degrees of interaction were
found: GOLMI1, MIA3, ACLY and GNB2. GOLM1 was the
first identified key gene, and its functional role and molecular
mechanism are unclear. Consistent with the present study, the
study by Varambally et al (26) also reported that GOLM1
was upregulated in PCa tissues. It was further reported that
GOLMI may be secreted out of the cell by exosomes, which
could be tested in the urine of patients with PCa (26). As a
result, GOLMI1 may act as a potential diagnostic biomarker
of PCa. In addition, Yan et al (1) reported that GOLMI1 could
promote PCa progression by activating the PI3K-Akt pathway.
Other studies also demonstrated that GOLM1 acted as a pivotal
oncogene, involved in tumor cell migration and invasion in
esophageal cancer (27) and hepatocellular carcinoma (28).
These data suggested that GOLMI1 may serve as a potential
therapeutic target.

The second key gene identified in the present study was
MIA3, which is an endoplasmic reticulum-resident protein (29).
To the best of our knowledge, the study of MIA3 in cancer
is limited. Arndt and Bosserhoff (30) reported that MIA3
may serve as a tumor suppressor of malignant melanoma.
Gao et al (29) reported that miR-222 promoted migration
through MIA3 in colorectal cancer cells. In the present study,
the expression of MIA3 was elevated, which indicated that
it may serve different functions in PCa compared with other
tumors. The relevant underlying mechanism, however, requires
further examination.

The third identified key gene was ACLY, which has been
suggested to catalyze the formation of acetyl-CoA (31). To
the best of our knowledge, ACLY has not been reported
in PCa, but has been reported in other types of tumors. A
previous study reported that ACLY serves a critical role in
tumorigenesis, and downregulation of ACLY expression
may inhibit tumor cell proliferation in numerous types of
cancer, such as lung, breast and bladder cancer (32). In addi-
tion, other studies further reported that inhibition of ACLY
reversed the process of epithelial-mesenchymal transition in
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bronchial epithelial cells and non-small cell lung carcinoma
cells (31,33). Therefore, it was speculated that ACLY may
serve as a key oncogene promoting the occurrence and
metastasis of PCa.

The fourth identified key gene was GNB2, a member of
the guanine nucleotide-binding proteins family. To the best
of our knowledge, the related studies of GNB2 in cancer
were limited. Kotani et al (34) reported that both mutation
and overexpression of GNB2 could induce leukemogenesis,
and it was indicated that the decrease of GNB2 expression
reduced tumor cell proliferation. Akinori et al (35) reported
that GNB2 mutations can activate the canonical signaling
pathway and confer resistance to targeted kinase inhibitors in
numerous types of cancer, such as acute myeloid leukemia and
melanoma. To the best of our knowledge, the present study is
the first to suggest that GNB2 was involved in PCa; however,
the underlying mechanism requires further investigation. In
addition, module analysis of PPI revealed that the genes in the
three modules were associated with ‘ECM-receptor interac-
tion’, ‘focal adhesion’, ‘PI3K-Akt pathway’, ‘AMPK pathway’,
‘metabolic pathway’, ‘pathways in cancer’, ‘gap junction’ and
‘cell cycle’. These results were consistent with the GO and
KEGG analysis.

GEPIA is a newly developed database including the
data from The Cancer Genome Atlas and Genotype Tissue
Expression projects (17). HPA is also a useful database for
analysis of protein expression of genes between cancer tissues
and normal tissues based on IHC (17). In the present study,
GEPIA and HPA were used to identify the expression of key
genes. The results showed that the expression of MIA3 and
GNB?2 was insignificantly upregulated in PCa compared with
normal prostate tissues, and GOLM1 and ACLY expression
was upregulated significantly. These results were matched
with the bioinformatics analysis.

ROC and survival analyses were performed to evaluate
the potential efficiency of these key genes as diagnostic and
prognostic biomarkers. The results of ROC analysis showed
that the AUC values of these genes were all >0.85. An AUC
value >0.5 suggested the matter measured would yield signifi-
cant distinction between the two groups (36,37). Therefore,
the results indicated that GOLM1, MIA3, ACLY and GNB2
had high sensitivity and specificity, and that they may be used
as biomarkers for PCa diagnosis. The result of the survival
analysis showed that high expression of GOLMI1 and ACLY
were associated with poor overall survival in patients with
PCa, which indicated that these genes may serve as candidate
biomarkers for the prognosis of PCa.

In summary, this study identified GOLM1 and ACLY in
PCa, which may serve as potential diagnostic and prognostic
biomarkers of PCa. It should be noted that this research was
based on bioinformatics analysis. Therefore, relevant clinical
studies are required, such as detection of the expression of the
aforementioned genes in circulating tumor cells. In addition,
the molecular mechanism of these genes will also be further
studied to elucidate their role in the occurrence and metastasis
of PCa.
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