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Abstract. – AIM: Prostate cancer is charac-
terized by the accumulation of multiple copy
number variants (CNVs) across the genome. We
aim to identify potential prostate cancer related
CNVs.

MATERIALS AND METHODS: Whole-genome
SNP genotyping data of 18 prostate cancer pa-
tients was downloaded from the GEO (Gene Ex-
pression Omnibus) database. PennCNV was
used to detect CNVs. All genes and miRNAs af-
fected by CNVs were annotated. We also identi-
fied biological processes where these genes
over-represented to capture the characteristics
of prostate cancer.

RESULTS: Dominance of deletions was identi-
fied in all subjects. A total of 131 genes and 2
miRNAs which were affected by CNVs supported
by at least two samples were detected. Over-rep-
resentations of biological processes related with
immune or inflammation response and cell cycle
were identified. Two miRNAs, hsa-miR-1302 and
hsa-miR-548j, were affected by CNVs and their
target genes were reported to be related with
prostate cancer according to the Mendelian In-
heritance in Man database.

CONCLUSIONS: We identified genes known to
be affected by prostate cancer associated CNVs
in previous studies; we also identified new
genes and miRNAs not reported as interesting.
The discoveries in this study may advance the
knowledge of the prostate cancer pathogenesis.
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Introduction

Prostate cancer is one of the main contributors
to total disability-adjusted life-years worldwide1.
It is the first leading cause of cancer-related
death in men in UK2 and internationally it is the
sixth3. Prostate cancer is particularly prevalent in
developed countries and the incidence is increas-
ing in developing world3. Prostate cancer is char-
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acterized by the accumulation of multiple copy
number variants (CNVs) across the genome.
Identification of CNVs associated with patholog-
ical characteristics may help in identifying key
genes in the progression of prostate cancer and
further represent new prognostic markers and
therapeutic targets for the clinical management
of the disease. Compared with single-nucleotide
polymorphisms (SNPs), CNVs represent genom-
ic copy number deletions or duplications which
may help explain some of the heritability that is
not accounted by SNPs.

Accumulating evidence has demonstrated that
certain CNVs are associated with a low to moder-
ate cancer risk in prostate cancer4. Prior studies of
CNVs detection using comparative genomic hy-
bridization (CGH) arrays and SNP arrays have
identified many CNVs on different chromosome
arms across the genome, such as 2q, 3q, 5q, 6q,
7q, 8p, 8q, 10q, 13q, 16q, 17q, 18q, 21q and Xq5-8.
These identifications have advanced our knowl-
edge of prostate cancer, and highlighted the im-
portance of some genes involved in prostate car-
cinogenesis, such as PTEN6. Compared with
CGH arrays, detection of CNVs using whole-
genome SNP genotyping arrays is more sensitive
owing to its improved resolution and genome
coverage.

Here with a public high-resolution genome-
wide SNP genotyping data downloaded from
the Gene Expression Omnibus (GEO) database,
we detected potential prostate cancer associated
CNVs. Specifically, we identified individual
genes affected by CNVs in each tumor and the
pathways in which these genes involved. We also
identified biological processes where these genes
over-represented to capture the clinicopathologi-
cal characteristics of prostate cancer. Moreover,
we also identified miRNAs affected by CNVs to
explore the potential molecular mechanism un-
derlie the pathogenesis of the disease.
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Materials and Methods

SNP Array Data
Prostate cancer SNP array dataset

GSE295699 was downloaded from the GEO
(http://www.ncbi.nlm.nih.gov/geo) database.
Genotype data of prostate cancer and adjacent
normal tissues from 18 prostate cancer patients
(Table I) were included. The data set was based
on the platform GPL6801: Affymetrix Genome-
Wide Human SNP 6.0 Array.

CNV Detection
The PennCNV10 software was used for CNV

detection. PennCNV is a hidden Markov model
(HMM) based approach for kilobase-resolution
detection of CNVs using high-density SNP geno-
typing data. Briefly, CNVs were detected as fol-
lows: first, raw signal intensity values were nor-
malized and experiment-wide normalized signal
intensity on the A and B alleles for each SNP
was generated; second, the log R Ratio (LRR)
value and B Allele Frequency (BAF) of each
SNP were calculated; third, CNVs were then de-
tected using a first-order HMM model which as-
sumes that the hidden copy number state of each
SNP depends only on the copy number state of
the most preceding SNP. The types of CNVs in
all samples were calculated.

Identification of Chromosome Bands
with Significantly Frequent CNVs

The expected number of CNVs in a chromo-
some band (UCSC) was calculated by the total
number of CNVs and the CNV rate. Tests of sig-
nificance for each band were performed by as-
suming a Poisson distribution.

Annotation
We retrieved segmental whole genome annota-

tion information from the UCSC Genome Brows-
er11 for CNVs which were detected in at least two
samples. Genes in CNVs were annotated through
the Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway analysis12 and Gene Ontology
(GO) analysis13. In addition, miRNAs in CNVs
were annotated according to the miRbase release
19 (http://www.mirbase.org/ftp.shtml). Target
genes of the miRNAs were predicted using Tar-
getscan (Version 6.2)14, miRDB (http://mirdb.org/
miRDB/), miRanda15, miRWalk16, and PicTar17. In-
formation of the Online Mendelian Inheritance in
Man (OMIM) database was used to check whether
the target genes were reported to be related with

prostate cancer before. Whether the proteins encod-
ed by the genes in CNVs interact with each other
was also investigated based on the NCBI database
(http://ftp.ncbi.nlm.nih.gov/gene/GeneRIF/, 2013-
2-25).

Results

Genotype data of tumor and adjacent normal
tissues from 18 prostate cancer patients (Table I)
were used for CNV detection. According to the
PennCNV analysis results (Table II), all subjects
were detected with more deletions than duplica-
tions.

The genome-wide distribution of CNVs
among the 18 prostate cancer cases is illustrated
in Figure 1. Our analysis identified frequent CN-
Vs on chromosome arms 1q, 3q, 4q, 6q, 8p, 9q,
10q, 13q, 15q, 16q, 20p, 21q, and 22q (p < 0.01,
Table III).

Annotation based on human reference se-
quence (NCBI Build 36.1, hg18) showed that a
total of 131 genes and 2 miRNAs were involved
in CNVs which were detected in at least two
samples. Pathway analysis based on the KEGG
database showed that 34 genes were mapped to
92 pathways. Two genes, PTEN and RB1 are in-
volved in the prostate cancer pathway
(hsa05215). Interaction analysis revealed that
the protein encoded by CHEK2 directly interacts
with the RB1 protein. RB1 and CHEK2 are both
involved in the cell cycle pathway (hsa04110).
Protein encoded by FRK directly interacts with
the PTEN and RB1 protein. With respect to ge-
netic information processing, ERG is involved in
the transcriptional misregulation in cancers path-
way (hsa05202) and SNRPD3 is involved in the
spliceosome pathway (hsa03040). Variants in
these pathways may impact the regular tran-
scription process. Moreover, MRPL13 is in-
volved in the ribosome pathway (hsa03010) and
CNVs in this pathway may interrupt the normal
translation process.

To further determine the biological involve-
ment of these CNVs and potential enrichment of
biologically relevant process, we conducted GO
analysis and cataloged the GO terms over-repre-
sented among the 18 tumors (Table IV, Fisher’s
exact p-value < 0.1).

In addition, two miRNAs, hsa-miR-1302 and
hsa-miR-548j were involved in the CNVs. Target
gene prediction results showed that their target
genes were related with prostate cancer accord-
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ID Type GSM Description

P107 Normal GSM732031 P107-N normal prostate
Tumor GSM732027 P107-TL1 prostate tumor
Tumor GSM732030 P107-TM1 prostate tumor

P123 Normal GSM775363 P123-N normal prostate
Tumor GSM775361 P123-TL1 prostate tumor

SH12 Normal GSM732036 SH12-N normal prostate
Tumor GSM732032 SH12-T1 prostate tumor
Tumor GSM732033 SH12-T2 prostate tumor

SH14 Normal GSM732053 SH14-N normal prostate
Tumor GSM732043 SH14-T1 prostate tumor
Tumor GSM732048 SH14-T2 prostate tumor

SH17 Normal GSM732064 SH17-N normal prostate
Tumor GSM732058 SH17-T1 prostate tumor
Tumor GSM732063 SH17-T2 prostate tumor

WX11 Normal GSM731953 WX11-N normal prostate
Tumor GSM731951 WX11-TL1 prostate tumor
Tumor GSM731952 WX11-TL2 prostate tumor

WX12 Normal GSM731956 WX12-N normal prostate
Tumor GSM731954 WX12-TL1 prostate tumor
Tumor GSM731955 WX12-TL2 prostate tumor

WX1 Normal GSM731944 WX1-N normal prostate
Tumor GSM731942 WX1-TR1 prostate tumor
Tumor GSM731943 WX1-TR2 prostate tumor

WX21 Normal GSM731959 WX21-N normal prostate
Tumor GSM731957 WX21-TL1 prostate tumor
Tumor GSM731958 WX21-TR1 prostate tumor

WX33 Normal GSM731963 WX33-N normal prostate
Tumor GSM731960 WX33-TL1 prostate tumor
Tumor GSM731961 WX33-TL2 prostate tumor
Tumor GSM731962 WX33-TR1 prostate tumor

WX39 Normal GSM731966 WX39-N normal prostate
Tumor GSM731965 WX39-TM1 prostate tumor
Tumor GSM731964 WX39-TR1 prostate tumor

WX47 Normal GSM731969 WX47-N normal prostate
Tumor GSM731967 WX47-TL1 prostate tumor

WX68 Normal GSM775357 WX68-N normal prostate
Tumor GSM775355 WX68-TL1 prostate tumor

WX73 Normal GSM731972 WX73-N normal prostate
Tumor GSM731970 WX73-TL1 prostate tumor
Tumor GSM731971 WX73-TL2 prostate tumor

WX76 Normal GSM731975 WX76-N normal prostate
Tumor GSM731973 WX76-TL1 prostate tumor
Tumor GSM731974 WX76-TL2 prostate tumor

WX8 Normal GSM731947 WX8-N normal prostate
Tumor GSM731945 WX8-TL1 prostate tumor
Tumor GSM731946 WX8-TR1 prostate tumor

WX92 Normal GSM731984 WX92-N normal prostate
Tumor GSM731976 WX92-TL1 prostate tumor
Tumor GSM731977 WX92-TL2 prostate tumor
Tumor GSM731979 WX92-TM1 prostate tumor

WX9 Normal GSM731950 WX9-N normal prostate
Tumor GSM731948 WX9-TL1 prostate tumor
Tumor GSM731949 WX9-TR1 prostate tumor

Table I. Detail information of the samples.
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ing to the OMIM database. For example, PDS5B
was predicted to be the target gene of these two
miRNAs and it was reported in the OMIM data-
base. Other four target genes of hsa-miR-548j,
CLU, STEAP2, KLF6, and STEAP4 were also re-
ported to be related with prostate cancer.

Discussion

In this study, we screened out CNVs and genes
involved in CNVs to infer the possible pathogen-
esis mechanisms of prostate cancer based on
SNP genotyping arrays. The PennCNV software
was used for CNV detection. As a HMM based
approach, PennCNV considers SNP allelic ratio
distribution as well as other factors, in addition to
signal intensity alone, to infer CNV calls for in-
dividual genotyped samples10.

Dominance of deletions was identified in all
patients. Deletion of functional regions may re-
sult in abnormal proteins, contributing to the pro-
gression of prostate cancer. Previous CNV stud-

Sample cn=0 cn=1 cn=3 cn=4

P107 8 190 36 26
P123 21 140 28 13
SH12 25 83 67 28
SH14 47 80 28 21
SH17 56 579 31 9
WX1 18 32 18 7
WX11 21 37 10 8
WX12 25 97 15 11
WX21 13 341 27 26
WX33 17 215 172 22
WX39 41 76 30 15
WX47 9 239 20 7
WX68 21 263 44 8
WX73 19 80 6 14
WX76 8 96 77 18
WX8 19 100 27 9
WX9 11 320 102 64
WX92 19 108 9 15

Table II. Statistical information of the Copy Number Vari-
ants (CNVs) in all subjects.

Note: cn: copy number.

Figure 1. The genome-wide
distribution of copy number
variants (CNVs) among the 18
prostate cancer patients. The in-
ner red bands display the range
of duplications and the blue
bands represent the range of
deletions. The outer red his-
tograms display the number of
duplications while the blue his-
tograms display the number of
deletions.
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tified, including ERG, SNRPD3 and MRPL13,
implicating the interruption of the normal tran-
scription and translation process in prostate can-
cer. According to the literature review, no report
of the association with SNRPD3, MRPL13 and
prostate cancer has been proposed before.

GO analysis identified over-representations
of biological processes related with immune or
inflammation response (Table IV), suggesting
the involvement of the immune systems in
prostate cancer. In addition, over-representa-
tions of biological processes related with cell
cycle were also identified, such as negative reg-
ulation of cell aging, negative regulation of cell
proliferation, and mitotic cell cycle G1/S transi-
tion checkpoint.

We also detected two miRNAs, hsa-miR-1302
and hsa-miR-548j, in the CNVs. No previous re-
port has proposed the relationship between these
two miRNAs and prostate cancer. However, tar-
get gene prediction analysis based on the OMIM
database revealed that their target genes were re-

ies of prostate cancer have reported numerous
chromosome regions5,18. Here we also identified
similar results for a majority of previously re-
ported chromosome arms, such as 1q, 3q, 4q, 6q,
8p, 9q, 10q, 13q, 15q, 16q, 21q, and 22q. For the
genes in the CNVs, both PTEN and RB1 are in-
volved in the prostate cancer pathway
(hsa05215). PTEN at 10q23 loss has also been
identified in previous CNV studies19,20. Interac-
tion analysis revealed that the protein encoded by
CHEK2 directly interacts with the RB1 protein.
Both RB1 and CHEK2 are involved in the cell
cycle pathway (hsa04110), abnormity of which
may result in the malignant proliferation of can-
cer cells. Protein encoded by FRK directly inter-
acts with both PTEN and RB1 protein. FRK pro-
tein is a nuclear protein and it may play impor-
tant roles during G1 and S phase of the cell cycle
and suppress cell growth. Deletion of this gene
may also interrupt the regular cell cycle, resulting
malignant cancer cells. Moreover, genes involved
in genetic information processing were also iden-
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Chromosome Start End Deletions Duplications Band p-value

chr15 18400000 23300000 46 43 q11.2 1.84E-08
chr8 39500000 39900000 8 13 p11.22 5.01E-08
chr8 38500000 39500000 11 16 p11.23 3.18E-07
chr8 2200000 6200000 55 4 p23.2 1.27E-06
chr8 6200000 12700000 58 19 p23.1 7.28E-06
chr8 12700000 19100000 71 3 p22 1.06E-05
chr7 137300000 142800000 38 22 q34 3.32E-05
chr21 38600000 41400000 30 2 q22.2 1.26E-04
chr10 89600000 92900000 33 0 q23.31 3.35E-04
chr3 161200000 169200000 53 14 q26.1 3.80E-04
chr8 23400000 27400000 33 4 p21.2 4.74E-04
chr6 75900000 83900000 60 5 q14.1 5.28E-04
chr1 149600000 153300000 19 15 q21.3 6.04E-04
chr15 74400000 76100000 10 9 q24.3 7.83E-04
chr8 0 2200000 19 3 p23.3 1.00E-03
chr22 21800000 24300000 19 5 q11.23 1.04E-03
chr9 42400000 46700000 23 13 p11.2 1.10E-03
chr6 99900000 104800000 26 14 q16.3 1.10E-03
chr4 66300000 70400000 18 16 q13.2 1.32E-03
chr16 80500000 82700000 20 0 q23.3 2.30E-03
chr6 83900000 84700000 10 0 q14.2 3.69E-03
chr6 113900000 117100000 24 0 q22.1 4.95E-03
chr13 46200000 48900000 19 2 q14.2 5.12E-03
chr13 44300000 45900000 14 0 q14.12 6.58E-03
chr20 0 5000000 18 15 p13 6.77E-03
chr1 142400000 148000000 19 16 q21.1 8.95E-03

Table III. Chromosome bands with frequent CNVs.



lated with prostate cancer. Among the target
genes, PDS5B was predicted to be the target gene
of both miRNAs. Protein encoded by PDS5B in-
teracts with the conserved protein complex
termed cohesion and it is a negative regulator of
cell proliferation. Most epithelial cells of adult
prostate gland are in a state of proliferative quies-
cence. This growth restriction effect is regulated
by androgens through increasing the expression
of PDS5B21. Therefore, deletion of the two miR-
NAs we detected here may interrupt the regular
androgen’s growth restriction effect on normal
prostate epithelial cells.

Conclusions

Using a genome-wide SNP array data and
PennCNV analysis, we identified genes known to
be affected by prostate cancer associated CNVs
in previous studies; we also identified new genes
and miRNAs not reported as interesting. The dis-
coveries in this study may advance the knowl-
edge of the prostate cancer pathogenesis.
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