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Abstract. The aim of the present study was to investigate 
the pathogenesis of metastatic prostate carcinoma, to find the 
metabolic pathways changed in the disease and to screen out 
the potential therapeutic drugs. GSE38241 was downloaded 
from Gene Expression Omnibus; the Geoquery package 
was applied to preprocessed expression profiling, and the 
differentially-expressed genes (DEGs) were selected with 
limma (linear regression model packages). Next, WikiPath-
ways cluster analysis was performed for DEGs on a Gene Set 
Analysis Toolkit V2 platform, and DEGs with hypergeometric 
algorithms were calculated through gene set enrichment 
analysis. A total of 1,126 DEGs were identified between the 
normal prostate and metastatic prostate carcinoma. In addition, 
KPNA4, SYT1, PLCB1, SPRED1, MBNL2, RNF165, MEF2C, 
MBNL1, ZFP36L1 and CELF2, were found to be likely to play 
significant roles in the process of metastatic prostate carci-
noma. The small molecules STOCK1N-35874 and 5182598 
could simulate the state of normal cells well, while the small 
molecules MS-275 and quinostatin could simulate the state of 
metastatic prostate carcinoma cells. In conclusions, the small 
molecules STOCK1N‑35874 and 5182598 were identified to be 
good potential therapeutic drugs for the treatment of metastatic 
prostate carcinoma, while the two small molecules MS-275 and 
quinostatin could cause metastatic prostate carcinoma.

Introduction

Prostate cancer is the most commonly occurring malignancy in 
men in developed Western countries, and is the second highest 
cause of cancer-associated mortality following lung tumors (1). 
Prostate cancer is associated with urinary dysfunction, which 
could cause pain, difficulty in urinating and problems during 
sexual intercourse (2). The cancer cells are able to use the 
lymphatic system or bloodstream to travel to other regions of 

the body (3). However, in practice, the majority of cases of 
metastatic prostate carcinoma occur in the lymph nodes and the 
bones (4). It is unknown which regulatory mechanisms cause 
this transition, and thus far, no effective androgen-independent 
prostate cancer therapies have been developed (5).

Metastatic prostate carcinoma is classified as an adeno-
carcinoma, so there have been a number of studies on its 
pathogenesis. Numerous different genes, such as BRCA1 and 
BRCA2, have been implicated in metastatic prostate carci-
noma (6). Yoshida et al found that BRCA1 and BRCA2 is a 
cancer precursor that can substantially affect the invasion of 
prostate cancer cells (7). Lee et al suggested that the PI3k/Akt 
signaling cascade is important for the migration of tumor cells. 
PI3K pathway activation by Src is known to result in increased 
cell survival. PI3K is a key regulator of the turnover of focal 
adhesion, and is essential for increasing the migration of 
cells (8). Senapati et al considered that during cell migration, 
when a cell moves forward and withdraws its rear edge, focal 
adhesions are disassembled at this edge. Macrophage inhibi-
tory cytokine-1 (MIC‑1) decreases the level of proliferation, 
invasion and migration in prostate cancer cells (9). The partial 
degradation of the extracellular matrix is required in prostate 
cancer invasion, which is an obligatory step in metastasis (10).

In order to investigate the pathogenesis of metastatic pros-
tate carcinoma in the present study, a biological microarray 
was used to analyze the expression profiling and differen-
tially-expressed genes (DEGs) of metastatic prostate carcinoma 
and normal prostate cells. In addition, bioinformatics methods 
were applied to find all metabolic and non‑metabolic pathways 
changed in the prostate metastasis cancer cells, and to investi-
gate the small molecule drugs restoring these pathways.

Materials and methods

Data source. GSE38241 (11), which included a 21 normal pros-
tate sample microarray and an 18 metastatic prostate carcinoma 
sample microarray, was downloaded from the Gene Expression 
Omnibus (GEO) database (http://www.ncbi.nlm.nih.gov/geo/) of 
the National Center for Biotechnology Information. The platform 
for GSE38241 was GPL4133 Agilent-014850 Whole Human 
Genome Microarray 4x44K G4112F (Feature Number version).

Extraction of DEGs. The R software (v.2.13.0) (12) platform was 
applied to analyze the microarray data, and the Geoquery (13) 
and limma (14) packages were used to preprocess the data. The 
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Geoquery (15) package can quickly obtain microarray expres-
sion profiling from the GEO database, and the limma (16) 
package can statistically analyze the DEGs; this is the most 
popular method. First, the already preprocessed expression 
profiling was obtained with the Geoquery package, and then 
log2 transformation was performed. Finally the limma (linear 
regression model package) was applied to select the DEGs by 
differential comparison for the data of two groups.

Biological pathways analysis. In order to investigate the 
changes of metastatic prostate carcinoma at the molecular 
level, all metabolic and non-metabolic pathways were obtained 
from the public open access database, WikiPathways (17,18). 
The Gene Set Analysis Toolkit V2 platform was used to 
perform WikiPathways cluster analysis for the DEGs (19) to 
obtain signal pathways that were changed in the metastatic 
prostate carcinoma cells.

Extraction of potential microRNAs. Based on gene annotation 
data in the MSigDB database (20), hypergeometric algorithms 
were used to calculate the DEGs through gene set enrichment 
analysis (GSEA). The Benjamini and Hochberg (BH) algo-
rithm (21) was applied for correction, and finally, the potential 
microRNAs were identified.

Expression profiling of small molecules. The Connectivity 
Map (CMap) database stores the expression data of the whole 
genome-wide transcription of human cells treated with bioac-
tive small molecules, including a total of 6,100 groups of small 
molecule interference experiments (small interfering groups 
and normal control groups) and 7,056 expression profiles (22). 
The gene expression differences of normal prostate cells and 
prostate cancer cells were analyzed and compared with the 
DEGs caused by these small interfering expression genes, 
in order to attempt to identify small molecules similar or 
opposite to the expression difference of normal prostate cells. 
The DEGs of normal prostate cells and prostate cancer cells 
were divided into two categories, the upregulated genes and 
the downregulated genes, and a total of 500 most significant 
probes were selected respectively. The enrichment value was 

obtained through GSEA (23) and comparison with the DEGs 
was performed by small molecules in the CMAP database. 
The value ranged between -1 and 1, and the closer the value 
to 1, the more able the small molecules were to simulate the 
state of normal prostate cells; by contrast, the closer the value 
to -1, the more the small molecules were able to simulate the 
state of the prostate cancer cells.

Statistical analysis. Using limma package in R, the expression 
profiling of normal prostate cells and metastatic prostate carci-
noma cells was analyzed with a t‑test modified by the Bayesian 
model (24). The corresponding P-value was calculated for all 
genes after the t-test, and the P-value was corrected with the 
BH algorithm. A P-value of <1x10-8 was selected to indicate a 
significant threshold. 

Results

Identification of DEGs. Following analysis of expression 
profiling, a total of 1,126 DEGs were identified, including 
880 known genes (Table I).

Bio‑pathways changed in metastatic prostate carcinoma. In 
order to investigate the bio-pathway internal changes in meta-
static prostate carcinoma cells, WikiPathways sub-pathway 
enrichment analysis was performed for the DEGs. The pathways 
with a P-value of <0.0001, and at least two genes in the pathway 
were selected as the significantly changed pathways (Table II).

Extraction of potential microRNAs. There are two methods 
for regulating gene translation, one is using the transcriptional 
level and the other is the regulation of the stability of RNA 
by microRNAs to regulate gene expression. So the analysis of 
potential microRNA regulation was also of particular impor-
tance in the present study, and the potential microRNAs were 
shown in Table III.

Combined with the potential microRNAs and DEGs, a 
microRNA-gene regulatory network was constructed (Fig. 1).

The DEGs subjected to more microRNAs in metastatic 
prostate carcinoma may play more important roles. Therefore, 

Table I. Top 10 significant differentially expressed genes in metastatic prostate carcinoma.

Probe ID adj.P.Val P-value logFC Gene symbol

28920 5.33x10-29 3.55x10-33 4.62666266 TP63
39959 4.19x10-27 3.72x10-31 3.08224052 AOC3
41458 2.14x10-26 2.85x10-30 5.13220653 KRT15
25789 3.47x10-26 5.60x10-30 5.25910348 SYNPO2
39451 3.47x10-26 6.17x10-30 3.61424555 TPM2
34715 4.31x10-26 8.61x10-30 4.87226389 DES
3135 7.89x10-26 1.93x10-29 3.71685606 -a

16065 1.24x10-24 3.88x10-28 3.82946930 LMOD1
10357 1.24x10-24 4.14x10-28 3.47528242 SRD5A2
41953 1.71x10-24 6.14x10-28 2.87266417 KCNMB1

The corresponding gene symbol for each probe ID was obtained from the GPL4133 files of the dataset GSE38241. aProbe not mapped to gene. 
adj.P.Val, adjusted P-value; FC, fold change.
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Figure 1. microRNA-gene regulatory network. The red nodes represent differentially-expressed genes (DEGs), the green nodes represent potential microRNAs, 
the triangular nodes represent microRNAs or DEGs regulated by ≥8 microRNAs, and the lines represent regulation between microRNAs and DEGs. The more 
lines on the nodes, the larger the nodes.

Table II. Bio-pathways changed in metastatic prostate carcinoma.

Pathway Count P-value

Muscle cell TarBase 35 9.72x10-11

Lymphocyte TarBase 39 1.06x10-10

Adipogenesis 19 3.36x10-10

Focal adhesion 22 3.97x10-10

Epithelium TarBase 27 1.86x10-8

Arrhythmogenic right ventricular cardiomyopathy 15 5.37x10-8

Integrin-mediated cell adhesion 12 1.00x10-5

miRNAs in muscle cell differentiation   6 2.00x10-4

AGE-RAGE pathway   9 2.00x10-4

Androgen receptor signaling pathway 10 2.00x10-4

TGFβ signaling pathway 12 3.00x10-4

Myometrial relaxation and contraction pathways 12 8.00x10-4

Angiogenesis   5 8.00x10-4

Nuclear receptors   6 8.00x10-4

AGE-RAGE, advanced glycation end products (AGE)-receptor for AGE; miRNA, microRNA; TGF, transforming growth factor.
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the DEGs regulated by ≥8 microRNAs were screened out to 
construct a secondary regulatory network (Fig. 2).

Extraction of small effected molecules. The ultimate goal 
of the present study was to provide aid in the treatment of 
metastatic prostate carcinoma, and one of the methods used 
to do this was to investigate the possible small molecule drugs 
for treatment of prostate metastatic carcinoma. The expres-
sional difference between normal prostate cells and metastatic 
prostate carcinoma cells was analyzed, and then compared 
with the DEGs affected by small molecules, hoping to find 
the small molecule similar or opposite to the gene in the meta-
static prostate carcinoma cells or normal cells. The 20 small 
molecules with the strongest correlation (P-value as minimum) 
are shown in Table IV.

As shown in Table V, the small molecules STOCK1N-35874 
(enrichment, 0.989) and 5182598 (enrichment, 0.979) were able 

Table III. Potential miRNAs in metastatic prostate carcinoma.

Target sequence Potential microRNA P-value

hsa_GTGCCTT miR-506 4.74x10-22

hsa_TATTATA miR-374 1.52x10-13

hsa_AATGTGA miR-23A, miR-23B 1.35x10-12

hsa_TGCTGCT miR-15A, miR-16, miR-15B, miR-195, miR-424, miR-497 2.10x10-12

hsa_TGCCTTA miR-124A 6.65x10-12

hsa_ACTTTAT miR-142-5P 1.42x10-11

hsa_TTTGCAC miR-19A, miR-19B 1.42x10-11

hsa_TGTTTAC miR-30A-5P, miR-30C, miR-30D, miR-30B, miR-30E-5P 9.49x10-11

hsa_ATGTACA miR-493 9.49x10-11

hsa_GCAAAAA miR-129 2.01x10-10

hsa_TTGCCAA miR-182 2.01x10-10

hsa_CTATGCA miR-153 6.35x10-10

hsa_TGAATGT miR-181A, miR-181B, miR-181C, miR-181D 1.68x10-9

hsa_ACATTCC miR-1, miR-206 2.16x10-9

hsa_CTTTGCA miR-527 2.39x10-9

hsa_AAGCACT miR-520F 3.42x10-9

hsa_TGCTTTG miR-330 5.23x10-9

hsa_ACTGTGA miR-27A, miR-27B 9.22x10-9

hsa_GTGCCAA miR-96 1.42x10-8

hsa_AAAGGGA miR-204, miR-211 2.37x10-8

hsa_TGGTGCT miR-29A, miR-29B, miR-29C 2.58x10-8

hsa_GTATTAT miR-369-3P 3.53x10-8

hsa_CATGTAA miR-496 6.07x10-8

hsa_CTTTGTA miR-524 7.03x10-8

hsa_AGGAAGC miR-516-3P 1.09x10-7

hsa_TGCACTG miR-148A, miR-152, miR-148B 1.98x10-7

hsa_GCTTGAA miR-498 2.74x10-7

hsa_CAGTATT miR-200B, miR-200C, miR-429 3.16x10-7

hsa_GTGACTT miR-224 4.73x10-7

hsa_TGTGTGA miR-377 5.33x10-7

hsa_TTGCACT miR-130A, miR-301, miR-130B 5.71x10-7

hsa_ACCAAAG miR-9 9.58x10-7

miRNA, microRNA.

Table IV. Differentially-expressed genes and their regulatory 
microRNA numbers.

Gene Regulatory microRNA numbers

KPNA4   8
EYA1   8
SYT1   8
PLCB1   8
SPRED1   8
MBNL2 13
RNF165 12
MEF2C   8
MBNL1   8
ZFP36L1 10
CELF2   8
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Table V. Small effected molecules in metastatic prostate carcinoma.

CMap name Enrichment value P-value

Geldanamycin 0.752 <0.00001
15-δ prostaglandin J2 0.736 <0.00001
LY-294002 -0.335 <0.00001
Trichostatin A -0.265 <0.00001
Sirolimus -0.327 0.00008
MG-262 0.960 0.00010
STOCK1N-35874 0.989 0.00016
Diltiazem -0.835 0.00032
Rosiglitazone 0.537 0.00038
MS-275 -0.988 0.00040
Hesperetin -0.810 0.00056
Heptaminol 0.809 0.00060
5182598 0.979 0.00076
Fluphenazine -0.445 0.00113
Bumetanide 0.829 0.00127
Dinoprost 0.823 0.00161
Acemetacin 0.822 0.00167
Fenoprofen -0.695 0.00197
Nifuroxazide -0.807 0.00267
Quinostatin -0.965 0.00280

CMap, Connectivity Map.

Figure 2. Secondary regulatory network. The red nodes represent differentially-expressed genes (DEGs), the green nodes represent potential microRNAs, the 
trianglular nodes represent microRNAs or DEGs regulated by ≥8 microRNAs, and the lines represent regulation between microRNAs and DEGs. The more 
lines on the nodes, the larger the nodes.
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to simulate the state of the normal cells, indicating that these 
two small molecules were good potential therapeutic drugs 
for the treatment of metastatic prostate carcinoma. Mean-
while, the small molecules MS-275 (enrichment, -0.988) and 
quinostatin (enrichment, -0.965) could simulate the state of the 
metastatic prostate carcinoma cells, indicating that these two 
small molecules could cause metastatic prostate carcinoma.

Discussion

Prostate cancer is a malignancy that can occur in the pros-
tate tissue of men. As of 2011, prostate cancer is the second 
most commonly diagnosed cancer and the sixth leading 
cause of cancer-associated mortality in men worldwide (25). 
The incidence of prostate cancer has clear geographical and 
ethnic differences. In Europe and other developed countries 
and regions, it is the most common male cancer, while in 
the USA, it is the second leading cause of cancer-associated 
mortality in men following lung cancer. In Asia, the incidence 
of prostate cancer is lower compared with Western countries, 
but this level has shown a rapidly increasing trend in recent 
years (26). Additionally, the cancer cells may metastasize from 
the prostate to other regions of the body, which can cause 
more harm. Therefore, it is of great significance for human 
health to study the pathogenesis of metastatic prostate carci-
noma. The original study on GSE38241 data mainly studied 
and discussed the DNA modification in metastatic prostate 
carcinoma, however the present study focused on the gene 
expression of the disease. A total of 1,126 DEGs and a number 
of significantly changed biological pathways were identified. In 
addition, KPNA4, SYT1, PLCB1, SPRED1, MBNL2, RNF165, 
MEF2C, MBNL1, ZFP36L1 and CELF2 were found to be 
likely to play significant roles in the process of metastatic pros-
tate carcinoma, according to their functions. Finally the small 
molecules STOCK1N‑35874 and 5182598 were identified as 
good potential therapeutic drugs for the treatment of metastatic 
prostate carcinoma, while the two small molecules MS-275 and 
quinostatin could cause metastatic prostate carcinoma.

WikiPathways pathway clustering showed that the changes 
in a series of important signaling pathways in metastatic 
prostate carcinoma result in the changes of surface binding 
and cell morphogenesis in the disease, causing the easy migra-
tion of cancer cells in the body. Certain changes in surface 
binding, including focal adhesion, epithelium TarBase and the 
integrin-mediated cell adhesion pathway, can promote prostate 
cancer cells to more easily separate from the lesion and thus 
transfer to another region of the body (11). Certain changes in 
muscle cell TarBase, miRNAs in muscle cell differentiation, 
myometrial relaxation and contraction pathways mean that 
metastatic cells may be biased to muscle cell differentiation, 
causing a stronger ability to move. Certain signaling pathway 
changes, such as changes in the advanced glycation end prod-
ucts (AGE)-receptor for AGE pathway, the androgen receptor 
signaling pathway, the transforming growth factor β signaling 
pathway and the nuclear receptors pathway, can result in the 
changes of downstream genes. The angiogenesis pathway is 
likely to provide convenience for the transfer of cancer cells, 
while adipogenesis is associated with energy regulation (27,28). 
The changes to the lymphocyte TarBase aid the migrated cells 
in escaping immune attack (29). It is notable that metastatic 

prostate carcinoma not only damages the prostate cells, but 
also damages the other organs in the body and causes a series 
of complications, such as skeletal abnormalities.

In addition, as a large number of DEGs in metastatic 
prostate carcinoma may have the same transcription factor 
targets and microRNA regulation targets, these loci may 
play significant roles in the regulation of gene expression. 
Among these genes, MBNL1, MBNL2 and CELF2 regulate 
the alternative splicing of genes (30-32), KPNA4 is a local-
ization signal protein in the cytoplasm (33), and ZFP36L1 
is an important transcription factor response to growth 
factors (34). SYT1 is a Ca2+ signaling reception protein in 
the cytoplasmic membrane (35), PLCB1 catalyzes phospha-
tidylinositol-4,5-bisphosphate to inositol-1,4,5-trisphosphate 
and diacylglycerol (36), and SPRED1 regulates intracellular 
signaling pathway mitogen-activated protein kinase activa-
tion (37). RNF165 and MEF2C regulate cell movement (38). 
These genes are all likely to play important roles in the process 
of metastatic prostate carcinoma according to their functions.

Based on CMap database, a series of small molecules 
was obtained in the present study. STOCK1N-35874 is a 
cytotoxic quinoline alkaloid that inhibits the DNA enzyme 
topoisomerase, which is isolated from the bark and stem of 
Camptotheca acuminata (39). STOCK1N-35874 showed 
marked anticancer activity in preliminary clinical trials, and 
its analogues have been used in cancer chemotherapy (40,41). 
5182598 is considered to be an important anticancer drug 
from the group of benzylisoquinoline alkaloids (42). These 
two small molecules are able to repair the damaged metabolic 
pathways in metastatic prostate carcinoma, and are good 
potential therapeutic drugs for the treatment of metastatic 
prostate carcinoma.
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