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Abstract

Objectives
Castration resistance prostate cancer (CRPC) is a complex tumor associated with highly mortality. To
discover key molecular in CRPC, we dissected the data of CRPC based on arrays by bioinformatic
analysis.

Methods
The gene expression pro�ling datasets of prostate cancer were analyzed online. The Database for
Annotation, Visualization and Integrated Discovery (DAVID, https://david.ncifcrf.gov/) was used to
perform Gene Ontology (GO) functional and KEGG pathway enrichment analyses. Molecular Complex
Detection (MCODE) in Cytoscape software (Cytoscape_v3.6.1) was applied to screen hub genes. Gene
expression data were obtained from ONCOMINE website (https://www.oncomine.org/). The gene
expression and survival data were download and analyzed.

Results
4 datasets (GSE104935, GSE120005, GSE78201, and GSE21887) were included for analysis. The 15
overlap up regulated genes and 27 overlap down regulated genes were identi�ed and analyzed by DAVID.
11 proteins corresponding to genes (ELOVL6, ABCA1, FOXO3, and TNRC6B; ALDH1A3, OSBPL8, ACSL3,
SLC45A3, KLK2, FKBP5, and PMEPA1) were identi�ed to be key genes. Gene expression suggested
OSBPL8, PMEPA1 and SLC45A3 were different expressed in CRPC patients, these genes were also
associated with survival.

Conclusions
OSBPL8, PMEPA1 and SLC45A3 were involved with CRPC. Their functions needed more detailed research
to reveal.

Introduction
Antiandrogen therapy was the essential treatment for prostate cancer, however, castration resistance
prostate cancer (CRPC) eventually developed after 24–36 months[1]. Signi�cant progress has been made
in the past several years in the mechanisms of CRPC, androgen receptor (AR) independence or
indifference that prostate cancer (PCa) no longer require activation of the AR axis was proposed, AR axis
activation mediated by pathways that bypass the AR was discovered[2], novel biomarkers were
demonstrated to play critical roles in CRPC progression, such as ZBTB46, SPDEF, and ETV6[3, 4]. Non-
hormonal targets that small molecule inhibitors of signaling, DNA repair, or epigenetic pathways, and
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immunotherapy are emerging for the treatment of patients with advanced prostate cancer[5]. These
progresses depend on the key molecular identifying in CRPC progression.

For last decades, next-generation sequencing (NGS) and gene array has drastically increasing the
understanding of PCa, and provided diagnostic and therapeutic implications for PCa. Novel molecules
and pathways were found to be involved with PCa progression[2]. However, CRPC was much different
from PCa, it was refractory to antiandrogen therapy. Tumor cells suffered from a sequence of alteration,
details could be found elsewhere[6, 7]. The mechanisms driving progression from androgen-dependent
PCa to CRPC are still largely unclear. NGS or gene array comparing androgen sensitive prostate cancer
and androgen resistance prostate cancer was limited and heterogeneity. Here, we concluded the available
NGS and gene array data to identify key molecules for CRPC by bioinformatic analysis.

Materials And Methods
Data acquisition

Online database was searched on GEO datasets. Search details was (("orchiectomy"[MeSH Terms] OR
"castration"[MeSH Terms] OR castration[All Fields]) AND resistance[All Fields] AND ("prostatic neoplasms"
[MeSH Terms] OR prostate cancer[All Fields])) AND "Homo sapiens"[porgn]. The gene expression pro�ling
datasets of prostate cancer were analyzed online (GEO; https://www.ncbi.nlm.nih.gov/geo/geo2r/).

Identify differentially expressed genes

To analysis the microarray data, we compared the gene expression between androgen sensitive prostate
cancer and castration resistance prostate cancer to identify genes involved with androgen resistance.
Differentially expressed genes were screened by p value and fold change (FC). Differentially expressed
genes (DEGs) were restricted by p value < 0.05 and |FC|>2. Duplicated were deleted by software EXCEL.

Data integration

Four DEGs were obtained from four datasets, conditional formatting in software EXCEL applied and
duplicates were highlighted between two DEGs. Then, conditional formatting applied again between
duplicates and another DEG. The genes upregulated and downregulated were measured respectively.

Gene Ontology and KEGG pathway analysis

The Database for Annotation, Visualization and Integrated Discovery (DAVID, https://david.ncifcrf.gov/)
was used to perform Gene Ontology (GO) functional and KEGG pathway enrichment analyses. p < 0.05
was considered as statistically signi�cant.

Retrieve interacting genes

Search Tool for the Retrieval of Interacting Genes (STRING) is an online tool (https://string-db.org)
designed to integrate information by consolidating known and predicted protein-protein association data.
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Molecular Complex Detection (MCODE) in Cytoscape software (Cytoscape_v3.6.1) was applied to screen
key genes.

Gene expression data

Gene expression data were obtained from ONCOMINE website (https://www.oncomine.org/ ). Cancer type
was restricted by prostate cancer, the expressions of ALDH1A3, FKBP5, OSBPL8, ABCA1, PMEPA1, KLK2,
SLC45A3, FOXO3, TNRC6B, ACSL3, and ELOVL6 were obtained.

Survival analysis

The protein expression and survival data were download from OncoLnc (http://www.oncolnc.org/), these
data were obtained for cox regression analysis. Disease Free Survival and overall survival were analyzed
by Gene Expression Pro�ling Interactive Analysis (GEPIA, online website: http://gepia.cancer-
pku.cn/detail.php?gene).

Statistical analysis
Clinical information was analyzed by SPSS 18.0 (IBM Corporation, Armonk, NY). A Cox regression model
was conducted to perform a univariate and multivariate analysis. The gene expressions were analyzed by
GraphPad Prism 7.0. p < 0.05 is considered to reveal a statistically signi�cant difference.

Results
Characteristics of included datasets

A total of 68 potentially relevant datasets were identi�ed through the literature search. 4 datasets
(GSE104935, GSE120005, GSE78201, and GSE21887) were included for further analysis[8–11]. For these
four datasets, one was public in 2010, and detected the DNA expression pro�ling in a novel xenograft
model by array[11]. Other three datasets detected RNA expression pro�ling in PCa cell lines[8–10]. The
characteristics of included datasets were listed in Table 1.
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Table 1
The characteristic of included GEO datasets

GEO
datasets

Year Objective Experiment
type

Platforms Samples Treatment

GSE104935 2019 RNA microarray GPL10558 LNCaP and C42B MDV3100

GSE120005 2018 RNA microarray GPL570 C42B MDV3100 or
abiraterone

GSE78201 2016 RNA microarray GPL10558 CWR-R1, LAPC-4,
LNCaP, and VCAP

MDV3100

GSE21887 2010 DNA microarray GPL570 Xenograft model
tissues

Castration

DEGs analysis

1151 up regulated and 1113 down regulated gene were found in GSE104935, 828, 894, and 2293 up
regulated gene were identi�ed in GSE120005, GSE78201, and GSE21887, respectively (Fig. 1A). 1113,
814, 960, and 2027 down regulated gene were screened in GSE104935, GSE120005, GSE78201, and
GSE21887, respectively (Fig. 1B). Finally, 15 common up regulated genes (ENPP5, NUDT11, LAMP2,
C16orf45, ATP9A, LINC00623, ABCA1, TNRC6B, SUSD4, FOXO3, ELOVL6, BASP1, GALNT10, TRIM45, and
ENC1), and 27 common down regulated genes (MBOAT2, RAB3B, IQGAP2, LPAR3, MALT1, FKBP5, KLK15,
SLC45A3, BEND4, KLK2, AFF3, ACSL3, ALDH1A3, CAMKK2, PNKD, PMEPA1, PRKCH, KIAA1524, BMPR1B,
MPC2, LAMA1, FAM174B, OSBPL8, L3MBTL3, HES6, PDLIM5, UGT2B28) were identi�ed. These genes
were the key candidates.

Gene Ontology and KEGG pathway analysis

The 15 overlap up regulated genes and 27 overlap down regulated genes were analyzed by DAVID, GO
function analysis discovered overlap DEGs are mainly enriched in endoplasmic reticulum membrane and
perinuclear region of cytoplasm. These genes are mainly involved with phospholipid transporter activity,
protein domain speci�c binding, and long-chain fatty-acyl-CoA biosynthetic process (Table 2). KEGG
pathway analysis indicated the overlap DEGs are not enriched in a pathway.
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Table 2
Gene Ontology analysis of differentially expressed genes

Category Term Genes Count % PValue

GOTERM_CC_DIRECT endoplasmic
reticulum
membrane

OSBPL8, FKBP5,
MBOAT2, ELOVL6,
ABCA1, ACSL3,
UGT2B28

7 16.7 9.40E-
03

GOTERM_MF_DIRECT phospholipid
transporter activity

OSBPL8, ABCA1 2 4.8 2.20E-
02

GOTERM_CC_DIRECT perinuclear region
of cytoplasm

RAB3B, ATP9A, MALT1,
ABCA1, ACSL3

5 11.9 4.30E-
02

GOTERM_BP_DIRECT phospholipid
translocation

ATP9A, ABCA1 2 4.8 4.90E-
02

GOTERM_BP_DIRECT metabolic process ENPP5, ACSL3,
UGT2B28

3 7.1 5.50E-
02

GOTERM_MF_DIRECT protein domain
speci�c binding

LAMP2, BASP1, ACSL3 3 7.1 7.60E-
02

GOTERM_MF_DIRECT cholesterol binding OSBPL8, ABCA1 2 4.8 8.60E-
02

GOTERM_BP_DIRECT long-chain fatty-
acyl-CoA
biosynthetic
process

ELOVL6, ACSL3 2 4.8 9.10E-
02

BP: biological process; CC: cellular component; GO: gene ontology; MF: molecular function.

Protein interaction

We used STRING for investigating and integrating interaction between proteins. Data was exported for
further analysis by Cytoscape. 11 proteins corresponding to genes were identi�ed to be key genes (Fig. 2).
Of these eleven genes, 4 were up regulated (ELOVL6, ABCA1, FOXO3, and TNRC6B), and 7 were down
regulated (ALDH1A3, OSBPL8, ACSL3, SLC45A3, KLK2, FKBP5, and PMEPA1). The relative expression of
these genes in four datasets were showed in Fig. 3.

Gene expression in PCa

The relative expression in hormone sensitive and refractory patients of these eleven genes were obtained
from ONCOMINE. Statistic difference were found for ALDH1A3 (p = 0.038), OSBPL8 (p = 0.028), PMEPA1
(p = 0.039), KLK2 (p = 0.033), SLC45A3 (p = 0.012), TNRC6B (p = 0.036); FKBP5 (p = 0.312), ABCA1 (p = 
0.861), FOXO3 (p = 0.277), ACSL3 (p = 0.233), and ELOVL6 (p = 0.127) were not signi�cant different
between hormone sensitive and refractory patients (Fig. 4). The six difference expression genes were
further analyzed.
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Clinical analysis

Kaplan-Meier analysis were performed online for the six genes. Only PMEPA1 was found associated with
disease free survival (p = 0.017, Fig. 5). No of these genes was associated with overall survival. The
expression of KLK2 was de�ciency in OncoLnc. Thus, the remaining �ve genes (ALDH1A3, OSBPL8,
PMEPA1, SLC45A3, and TNRC6B) were processed cox regression analysis. OSBPL8 and SLC45A3 were
associated with survival (supplement Table 1).

Discussion
In this research, key molecules were identi�ed by bioinformatic analysis for castration resistance prostate
cancer. DEGs were obtained from four GEO datasets, overlaps were screened by soft EXCEL. 42 overlap
genes included 15 common up regulated genes and 27 common down regulated genes. STRING was
used to analysis the protein interaction between 42 overlap genes, 11 genes presented interaction. Further
analysis found 6 of 11 genes were differently expressed in hormone refractory patients. These genes
included ALDH1A3, OSBPL8, PMEPA1, KLK2, SLC45A3, and TNRC6B. Among them, PMEPA1 was found
associated with disease free survival. Cox regression analysis indicated OSBPL8 and SLC45A3 were
associated with survival. According to the gene expression, OSBPL8 was up regulated in hormone
refractory PCa, PMEPA1 and SLC45A3 were down regulated. Thus, our analysis suggested OSBPL8
conferred to castration resistance, PMEPA1 and SLC45A3 played as drug sensitivity gene in CRPC.

Gene array contains massive information; it is crucial to identify key genes. The discrepancy between
gene array make it harder. Heterogeneity derive from difference cell lines, specimens, platforms, and
treatments. To integrate the information among arrays, overlap DEGs were identi�ed. These genes were
considered to be functional regardless of cell line, treatment or else. Gene ontology analysis suggested
overlap DEGs are mainly enriched in endoplasmic reticulum membrane and perinuclear region of
cytoplasm. Recent studies emphasized that proteins mediated endoplasmic reticulum (ER) stress and
nucleus-targeting drug delivery systems involved in the castration resistance[12]. Biological process
analysis suggested overlap DEGs are mainly involved with phospholipid transporter activity, protein
domain speci�c binding, and long-chain fatty-acyl-CoA biosynthetic process. This highlighted the
dysregulation of lipid metabolism in prostate cancer progression[13].

Protein interaction was analyzed by STRING, a link between two proteins that both contributed jointly to a
speci�c biological function was established[14]. 11 proteins encoding by responding genes were
screened out. These genes may be back�red or coordination, there was no doubt that they played
important role in CRPC. For example, ELOVL6, FOXO3 and FKBP5 were discovered and validated
conferred to prostate cancer progression[15, 16] .

Clinical analysis was performed to verify our research. Gene expression levels in patients were obtained
from ONCOMINE. The data pro�les were published in two research, one analyzed gene expression pro�les
of 25 clinical hormone-refractory prostate cancers and 10 hormone-sensitive prostate cancers by
genome-wide cDNA microarrays[17], the other compared the gene expression pro�les of 10 androgen-
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independent primary prostate tumor biopsies with 10 primary, untreated androgen-dependent tumors[18].
Survival analysis were performed for different expression genes, single gene expression and survival was
analyzed by Kaplan-Meier plots, cox multivariate survival analysis identi�ed the two key genes.

OSBPL8, PMEPA1 and SLC45A3 were identi�ed the important gene for CRPC. OSBPL8 was a novel gene
we found associated with prostate cancer, this gene encodes protein containing an N-terminal pleckstrin
homology domain and a highly conserved C-terminal oxysterol-binding protein-like sterol-binding domain.
It binds multiple lipid-containing molecules, including phosphatidylserine, phosphatidylinositol 4-
phosphate (PI4P) and oxysterol, and act as an endoplasmic reticulum sterol sensor implicated in cellular
lipid metabolism[19]. PMEPA1 was highly expressed in various solid tumors and is known to play
important roles in the transforming growth factor-beta (TGF-beta) signaling pathway[20]. It was
demonstrated that knockdown of PMEPA1 resulted in increased proliferation, migration and invasion of
PCa cells[21], PMEPA1 also guarded against TGF-β-mediated prostate cancer bone metastasis[22]. In our
work, PMEPA1 was implied involved with castration resistance. SLC45A3 protein, also known under the
name of prostein, its expression is restricted to prostate normal tissue, it was differentially and more
reactive in advanced compared to early stages of PCa. SLC45A3 was also accounted for erythroblast
transformation-speci�c (ETS) family member gene fusions which was responsible for prostate cancer
cell growth. Nevertheless, the role of SLC45A3 in CRPC was remained unknow.

There were some limitations worth noting. First, this research was based on the theory that CRPC was a
homogeneity disease, but CRPC may be heterogeneity according to AR/GR expression[23, 24]; Second,
the genes were not veri�ed by biological methods, some experiments knocked down or over express these
gene would be performed to con�rm this research; Thirdly, a major drawback of this study is the lack of
evidence to suggest protein-protein interaction, protein interactions were predicted by STRING, there may
be some important genes in the DEGs that were not analyzed.

In conclusion, our study suggested OSBPL8, PMEPA1 and SLC45A3 were involved with CRPC. These
candidate genes were rarely researched in CRPC, the functions needed experiments in vivo and vitro to
verify.
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Figure 1

Differentially expressed genes (DEGs) were identi�ed in four datasets. A. the number of up regulated
DEGs were noted in each dataset, overlaps were also showed. B the number of down regulated DEGs and
overlaps were showed.
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Figure 2

11 proteins corresponding to genes were identi�ed to be key genes by Cytoscape. Red indicated up
regulated genes, and blue indicated down regulated. The darker of the color and the bigger of the size
indicated the greater of fold change value.
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Figure 3

Heatmap showed the fold changes of genes in each dataset. The bar was noted in upper right quarter.
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Figure 4

The expressions of genes were obtained from ONCOMINE. * p<0.05, NS, not signi�cant.
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Figure 5

Disease free survival analysis for the six genes were obtained (A. PMEPA1, B. ALDH1A3, C. SLC45A3, D.
KLK2, E. OSBPL8, F. TNRC6B).
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