We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

6,900 186,000 200M

ailable International authors and editors Downloads

among the

154 TOP 1% 12.2%

Countries deliv most cited s Contributors from top 500 universities

Sa
S

BOOK
CITATION
INDEX

Selection of our books indexed in the Book Citation Index
in Web of Science™ Core Collection (BKCI)

Interested in publishing with us?
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected.
For more information visit www.intechopen.com

Y



Chapter 1

Genetics in the Prostate Cancer

Hikmet Koseoglu

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.77259

Abstract

Any disruption in the intracellular functions ranging from DNA transcription to protein
ligand binding as well as intercellular communication may cause cellular transformation
to malignant cell in the proper microenvironment when it could escape from the immune
system. In this chapter, specifically, genetic alterations playing role in the prostate cancer
are intended to be reviewed briefly under the subheadings of genomic instability and the
hallmarks of cancer which are sustaining proliferative signaling, evading growth sup-
pressors, resisting cell death, enabling the replicative immortality, inducing angiogen-
esis, activating invasion and progression to metastatic disease, reprogramming of the
energy metabolism and evading immune destruction.
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1. Introduction

The basic molecular pathways and genetic alterations related to the cancer formation from
normal cells irrespective of origin of tissue, are explained elsewhere in detail in many relevant
textbooks. In this chapter, specifically, genetic alterations playing role in the prostate cancer
are intended to be reviewed briefly under the subheadings of the hallmarks of cancer pro-
posed by Hanahan and Weinberg, in the light of up to date studies [1, 2].

The proposed hallmarks of cancer are consisted of sustaining proliferative signaling, evading
growth suppressors, resisting cell death, enabling replicative immortality, inducing angio-
genesis, activating invasion and metastasis, reprogramming of energy metabolism and evad-
ing immune destruction [1, 2]. Underlying these hallmarks is the genome instability, which
generates the genetic diversity promoting their acquisition [1, 2].

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,

distribution, and reproduction in any medium, provided the original work is properly cited.
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The Cancer Genome Atlas (TCGA) research on prostate cancer figured out seven genetic sub-
types of prostate cancer [3]. Four subtypes are characterized by specific gene fusions includ-
ing whereas the rest are characterized by genetic mutations particularly in SPOP, FOXA1, and
IDH1 genes [3]. Gene fusions mainly included ERG (46%), ETV1 (8%), ETV4 (4%), FLI1 (1%)
and gene mutations were commonly found in SPOP (11%), FOXA1 (3%) and IDH1 (1%) [3].
However, still almost quarter percent are not categorized in any of them, confirming genetic
heterogenicity of prostate cancer [3]. However, these recently suggested genetic subgroups of
prostate cancer may fit for future clinical trials of selective medical or genetic treatments in
relevant subgroups. Yet, it is to be noted that the presented classification does not necessarily
mean the relevant genes either involving gene fusions or mutations are themselves cause of
cancer formation and yet they may only represent common alterations during carcinogenesis
driven by any other one.

In other words; any disruption in the intracellular functions ranging from DNA transcrip-
tion to protein ligand binding as well as intercellular communication may cause cellular
transformation to malignant cell in the proper microenvironment when it could escape from
immunity.

2. Genomic instability

Using allelotyping except the short arms of the acrocentric chromosomes, loss of heterozy-
gosity and or gene fusions were shown to be 61% in prostate cancer [4]. Common allelic
deletions were in chromosome 16q (60%), chromosome 8p (50%), chromosome 10p (55%) and
10q (30%). Allelic deletions of chromosomes 2, 3, 7, 12, 13, 17, 18, 22, X and Y were at lower
frequencies, however no allelic deletions were present in any case without any of the dele-
tions in chromosomes 8, 10, or 16 [4-7]. As expected, the more chromosomal deletions were
present, the higher histological grade was present in prostate cancer [4]. This genetic het-
erozygosity more has recently been confirmed by TCGA research as the gene fusions were
reported in 59% of prostate cancer [3]. With more specific methods, deletion in some specific
regions of chromosome 8p (specifically 8p11-8p21) is more common up to 50-70% in prostate
cancer compared to others [4, 5, 8, 9]. Chromosomal region 8p11-8p21 contains over 400 genes
(Figure 1) among which some has gained more attention in research for prostate carcinogen-
esis like NKX3.1 which is an androgen regulated prostate specific homeobox gene [10-12].
Conditional deletion of one or both alleles of Nkx3.1 in mice has been shown to cause pros-
tatic intraepithelial neoplasia (PIN) [13]. Even in murine epigenetic cancer models, Nkx3.1
deficiency further increased the frequency of PIN lesions [14].

Another chromosomal alteration commonly seen, occur in chromosome 10 [4, 5, 15-19]. One
of the common alterations (60%) is the loss of the phosphatase and tensin homolog gene
(PTEN) on chromosome 10q23.3 which is a negative regulator of the PIK3/Akt survival path-
way [15-19]. The loss of PTEN in prostate cancer has been linked to higher Gleason grades,
oncogenic TMPRSS2-ERG fusions, androgen-independent progression and metastasis [15-19].
Else, the size of PTEN deletions were classified into five distinct subtypes: (1) small interstitial
(70 bp-789 kb); (2) large interstitial (1-7 MB); (3) large proximal (3-65 MB); (4) large terminal



Genetics in the Prostate Cancer
http://dx.doi.org/10.5772/intechopen.77259

o foruaes soang e
T _ i o % T o i o o ol e
Assembly exceptions
ebonds | ouis T E—
Tilepath 1IN N NINE N EEENl BN IEEEE Il IEE EEEE N I-- I-Il-l IIII INl EEEEE - II-II.II L 1]
L L] EmEIE EEIE EEEEEE EEEI SEEEEN| EI N L} - IEE . mlEmEm
- L] n - 1 L] " mE - L} | ] I - - Emm
- 1 -

i T ACI00845. 5 RPLIOPS < TMENSTPDRSRIF SNUG-336P X LOXLZ < RNUI-T48R NEFLS ACOSI1S. K SDADIRICO0150.2 5ELP3 > EXTL? > HMGB1P23 MAPIKIFS  TEXIS ACDG4672.1 ARGLITS < ACI04037.RC08755.2 > UNCSD ACI0081.1 >TPTIFS < ACI24067. ¢ CBortdh < ACI05185.1< ACL03999.3: Srapic ACOZ7702.1

ACOSGES0.1 ATPGV162 ACI03729.1 P2 ACOB7BSA.1 SACIOASG1. 1 ADAMT ACIO7373.1 > ANASSP258 ACUE79D4.3 3% NUGGC< EXTLI ASHCOB4026.3 ACI02945.2 > < RNASSPRGL < RNUG-663P¢ AF279873.2AC087343.1 > < ACI24290.1< ACD90453.5, GOTILi< RNFSPLADAS ¥ AP0OS902.1 < ACDA8387. RI7SL149P
AC068380.3 RNUG-852 > ACDZ1613. FAMIGOB2 ACO37441.1 = STCIADAMDECI DOCKS ACD09623.2 < ADRALMIRSB42 >ACOZ1678.1 >

< DUSPACI31254.2 >AC050281.1 > NRGL-ITA > ACD30204.1 < AFZ79673.1  ACDS0740.1 >< MTCYBP1S ACOS2819.EIF4EBP1 >< ACOGTEI7.ZAPOOSO02.2 >  RNUG-3567 ATBASMINS =
< ACOS8880 3¢ LETS1 ACDLS468.4  DOKE ACI0S910.1C090197.1 ADAM2S x MIR6S4RCO09623.1 > ACDIIES.1 x CCOC2S: ACO25871.E ACO4262.1c AC109329 ACOGBE72.2 RNASSP63 > RNUE:S28P ACOS0993.1> <
ACOG8880.5 SL2TSIASL > AGO21355.1 » MIRIZORNPSLIOGP > < ACOZ3202. k€ ACO73SBL.1 £ ACD79097.15 ST PEKACD21678:3 >  ACOBA026.2 > < GTF2EX KCTD9P6_ < RNASSP262 < ACOG7838.i RPLLOAP3

SH204A > AC100802.1 > < GPRAPOLRID x ACOII4412 < ACII0193.ic ACOSLISS.IPPPIRIA x ACOGTI0RL < ACDZITOZ  ACOBAODE.1 >ACIOZ645.1 >NRGI >
< ACDS8880.AC23403.1 >

69120.3€123767.1 < ACO1

x ACL03720.2
©ACI202902 '« ACOO1162.¥ NSORFO0IG % ADAMIACOS7S16.1 > < MIRSABAGCIO3724.1 >
<WMTNDSML < ACOS1182.BC0876233> ADAMIA > mnm; 1> SHORDSSB >

MTND196 & VENTXPS Uincoizss »
XPO7 >PPPICC %C107959.2 >

<ACO24955.k KCTOD  BNIPSL »< MIRSASHACIOAD97.1 SNTSS-AS1  LINCOOSB9 SHIMIS SACD68572.3 >

WTNo2P32 > < AF279873.0 AP00G265.1 > < UNCOIG0RCOSTI62 15 < ADAMZ < ZMATS RPS2992 < RAO11E
TCSGALNACTIACOZSSO.1 > FGFI7 MCOISO.LSLEZSAS7 > <AFIOGSEAD  ACOLIZ26.2 >< CHRNA2 RPLSPZ2 »< RNASSPRGINCDZ209 > < ACO0SD65.1 RANPY 3¢ DUSP2& ACDS7855.1 <RMUGSIP ACIZNGLACOBPGZI2 > D01 <ACI0093.1 ACDSI3E?
weerinnoe | (W R el AR e TRE s e S s s s Ciooesz sermiosrss aiSES scoreei s munemkmn b
IS0 <ACDISAS83 <NUDTIS < ACI0959.L ACIO7I732>  ACDIITI6> GULOP> € ZNFISSACIOB49.2 >< RNUG-IZISR PURG < acosi1ee2 TACON0809.1 < ACI2067.0 TACCL > AGDO79912>  ACDISESS.1 X DKKA
o> AODISH68.1 > < HR SORES3 FUFRSFLOAASI > IS5 IPUMAZACDSTSOR < FBXOIESKIFIIB < ACI3I2SHE ACODSIAT <2 <RPLZSPI TACIITSII2 ACOSTEATA® SACOOTIOLA  KATISR > a
< SLCIBAIACHISA68.2 > < REER EGR3 TNFRSFI0A CoeA2>  DWYSLZMCIO0ISOL> RMUG-I76P> RPLIZPEI> < GSR< SUMOZPLS a1 > ANASSPZ64 » ACIZTST.L  PLEKHAZ 1002 > Glls4 > AC103724.4
ANASs#257 > < LoI3* BINITNERSFI0C > < ACIS0103.1< COXGRIFICARAD > ACO2SE7L1 > ACIIIZSA3> WAN> SMORD1 > FOWL> RNUGSDP>  <ACIOBSGDI<ACODPSLI < ACKOSI0L CHANG:
UNCO2183 > SFTPC < PEBRRIHCC > TEOR2 ACDISTANI><CUU  FZD3 > ACIOB44S.3 >< SARAF UBKNS » o114t > <ACIMOTBEACIENS6D HTRM> | ACOZPRLI>  <ACODSS302 b
BaiP1 < AC105046. K FAMBOOP CTRMIS < mivezss < MiR3148 < PP2CE #F00156 > INFT03 SLETME < THZD2 | TCIM> GhATS < ACI03724.3
AC105206.1 < THFRSF100 PIKZB < SCARARNASSP2S9 > ACOUED.1 > < ACOD9S65.1 AeLLOPIE > ACissses> ADAMDS | ACORZVE2> < ACOS303 <TH:
< PHYHIP RHOBTER  NOX2-6 <MIResa3 < INTSY LepmomLL > <Rui2z ERLIN 5< ACOS7623.1 < W KB >
< Acioszgs. Re23aPSS > RNUG-1086P > WWBOX1> < RPS1SAP2 <masie <Aciagse:  <REOO2I2 Thnknemz >
Pz > < eRseioe <AOIIIL <RROOIT < MBOAT 29833 ree > < acosTe2a <mmass1 <
SLCI9AL4 FACI00861.1 > ACO1I6433 > HMBOXITTL > <ACO26879.2 < euoaPL AoGRAZ  FGFR1 ADAMER > MRSSE2> <R
< ACDIT4S0.4.< RNIIAT 1P CMIBIGZB  ACi08449.1 >DCTHG > RuTSLASTS > <8R < Rps20022 erimini > Woo
PouM2 < AC100861.2 wiRIE228 > < Ac026979.1 Lreuren < RAIPID RROODI9 > RN
Coortss > < ENTPD4 Aco13643.2 > 0269793 > 1303041 > <acit
Ceara >CHMPT x ACDIZLI1 Escor > Hsease11 > RNISLI0% > <acus0r
< acos7a9.3kk o1 RNU-1276p > < ACOS0820.1 RPLIZPAE > < Ace3973.1
RCOSS854.1 >ACOL2574.1 > <MiRaz8? <PPAPs APO08S4S.1 > <aci
<aci073393 < acoesnn1 Tuse: > a#006545.2 > i
ac107959.4 > ACOR9113.3 > < REmSASH hswaL > Y
1079595 > Acoes113.2 > ReS > RNUS-9589 > FoLs >
<AcioissLa AcoBe026.1 3 <mseay
< acor2s7a2 <smr voaca >
<RFO02T2 ACo084024.3 > Ssicaon
ctom com
< RNUE-3230 u
Bags >
< Acoss02e2
boKo2 >
<puses
AcosT3622>
Assembly exceptions - —
i e o 5w s i i 6 o o i
—tevese srand 201 0
There are currently 110 tracks tumed of,
Ensembl Homa sapiens version 92.38 (GRCN39.p12) Chromasome 6: 19,156,926 - 43,166,233
Gene Legend
Protein Coding HNon-protein Coding
W Ensembl protein coding - RA e

m merged Ensembl/Havana - pseudol
- processed wanscript

Figure 1. Some of the important genes located in 8p11-8p21 which are deleted up to 50-70% of prostate cancer (from
http://www.ensembl.org).

(8-64 MB), and (5) extensive (71-132 MB), all were flanked by low copy repetitive (LCR)
sequences [20]. All types had some gains of 3q21.1-3q29 and deletions at 8p, RB1, TP53 and
TMPRSS2-ERG and ones with large interstitial deletion had worse prognosis [20]. Although
PTEN deletions seem to affect aneuploidy through PIK3/Akt pathway, some other factors act
directly. To give a sample, NKX3.1 binds to androgen receptor at the ERG gene breakpoint
and inhibits the recombination of TMPRSS2 and ERG gene loci. Loss of NKX3.1 favors error-
prone nonhomologous end-joining (NHE]), further increasing TMPRSS2-ERG fusions [21].
Interestingly, intrinsic mechanism of the repair of DNA double-strand breaks (DSBs) driven
by BRD4, itself may mediate the formation of oncogenic gene rearrangements by engaging
the NHE] pathway [22]. BRD4 belongs to the bromodomain and extra-terminal (BET) family
of chromatin reader proteins that bind acetylated histones. These findings further outline

importance of de novo alterations occurring synchronously are important for carcinogenesis
together with error-prone intrinsic DNA repair mechanisms.

Again, the deletion of 16q23-q24 which is one of the most frequent genetic aberrations is
associated with poor prognostic factors like advanced tumor stage, high Gleason grade,
accelerated cell proliferation lymph node metastases and positive surgical margin [7, 23, 24]
Having ERG fusions were associated with higher incidence of 16q deletions [7, 23, 24]. Also,
deletion of chromosome 13q occurs up to 50% of prostate cancer and its importance lies in
the fact that this region contains RB transcriptional corepressor 1 gene which an important
negative regulator of the cell cycle and the first tumor suppressor gene found [25, 26]. As

well, deletion of three loci between 13q14.2 and 13q14.3 is associated with early biochemical
relapse [27].
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Other than structural chromosomal aberrations like aneuploidy, translocation, etc. epigenetics
is another issue considered in carcinogenesis. The term “field cancerization” which had been
suggested for head and neck cancers for the first time, refers to multifocal presence of genetic
aberrations necessary for malignant transformation in a given tissue [28].

This term is also valid for prostate cancer, as cancerous tissues are multifocal with varying
Gleason scores and preneoplastic tissues like high grade prostatic intraepithelial neoplasia
(HGPIN) are detected closer to cancerous tissues [29]. This is further confirmed by methyla-
tion studies [30-35]. In a study comparing methylation status of GSTP1, MGMT, p14/ARF,
p16/CDKN2A, RASSF1A, APC, TIMP3, S100A2 and CRBP1 genes among prostate cancer,
HGPIN and BPH tissues, methylation was increased significantly from BPH to HGPIN and
to prostate cancer [30]. Quantitative methylation specific PCR study of radical prostatectomy
specimens, methylation of some genes like APC, RARb2 and RASSF1A were continuous in
the histopathologically normal tissue around the cancerous tissue, forming a methylation
halo up to 3 mm [31]. Another study including microarray study of methylation of large num-
bers of genes, the length of the halo was detected to be up to 10 mm [32].

3. Microenvironment

Prostatic stromal microenvironment is important for normal organogenesis as well as sup-
porting carcinogenesis and the survival of the cancer cells [36, 37]. However, the exact path-
ways and stroma-tumoral interactions are poorly understood and still needed to be further
clarified.

Cultured fibroblasts from regions close to prostate cancer cells were shown to induce tumor
progression of initiated nontumorigenic epithelial cells both in an in vivo tissue recombi-
nation system and in an in vitro coculture system [38, 39]. Prostatic carcinoma-associated
fibroblasts secrete SDF-1 which activates Akt pathway in the via the TGF-beta-regulated
CXCR4 [40]. That is, TGF-beta promotes tumor formation although it has primarily growth-
inhibitory action [40]. Marked reactive stroma is associated with poor prognosis in clinically
localized prostate cancer and microarray gene expression analysis detected higher expression
of 544 genes and lower expression of 606 genes in the reactive stroma, all of which have vari-
ous functions like neurogenesis, axon genesis and DNA damage repair pathways [41]. In a
recent study evaluating the nuclear and mitochondrial DNA integrity of prostate cancer cells,
prostate cancer-associated stroma detected copy-neutral diploid genome with only rare and
small somatic copy-number aberrations in contrast to several small somatic copy-number
aberrations in prostate cancer cells [42]. This indicates, that above-mentioned gene expression
changes in prostate cancer-adjacent stroma seem to be not related to frequent or recurrent
genomic alterations in the tumor microenvironment [42].

Also, metabolic status of the prostatic stromal microenvironment has been suggested to influ-
ence the tumorigenic potential of the tumor epithelial compartment [43]. As well, it has been
shown that the loss of the signaling adapter, p62, in stromal cells triggered an inflammatory
response, activating cancer-associated fibroblasts which promotes tumor formation in vitro
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and in vivo. Loss of p62 resulted in lower mTORC1 activity and deregulation of metabolic
pathways related to the inflammation [44].

One interesting study, chronic bacterial inflammation with inoculated Escherichia coli bacte-
ria induced focal prostatic glandular atypia/ prostatic intraepithelial neoplasia in male C3H/
HeOuJ mice, suggesting a link between inflammation and prostatic neoplasia [45].

4. Sustaining proliferative signaling

To keep normal tissue architecture and function normal cells need to control proliferative
signaling. However, in cancer cells, proliferative signaling is sustained to keep their growth.
This is accomplished by either increased paracrine stimulation or excessive response to hor-
mones by altered receptor matching or deregulated pathways. Insulin has been shown to
activate insulin activated the insulin receptor (INSR) in case of inhibition of the IGF1 recep-
tor (IGF1R) [46]. Mitochondrial redox signaling by p665Shc-ROS pathway has been shown to
promote androgen-induced prostate cancer cell proliferation. As well, dihydrotestosterone
was shown to increase the translocation of p66Shc into mitochondria and its interaction with
cytochrome c [47]. The phosphatidylinositol 3'-kinase (PI3K) pathway has been suggested
to be a dominant growth factor-activated cell survival pathway in prostate carcinoma cells.
Apoptosis induced by PI3K inhibition has been shown to be reduced by either dihydrotestos-
terone or ErbB1 activating ligands which are epidermal growth factor, transforming growth
factor alpha, and heparin-binding EGF-like growth factor [48]. Smadl acts as a substrate for
MAPKSs and plays a central role in transmitting signals from the pathways of bone morphoge-
netic proteins. Deregulation of the pathways of bone morphogenetic proteins and activation
of the ERK/MAP kinase (MAPK) pathway by growth factors was suggested to promote the
development and progression of prostate cancer [49].

5. Evading growth suppressors and resisting cell death

In general sense, cancer cellsneed to gain new capabilities to suppress or bypass cell cycle check-
points that negatively regulate the cell proliferation and promote apoptosis. Chromosome 17p
includes an important gene, TP53 which encodes a tumor suppressor protein, p53, containing
transcriptional activation, DNA binding, and oligomerization domains and it functions in
cellular stresses to induce cell cycle arrest, apoptosis, senescence, DNA repair, or changes in
metabolism. Deletion of chromosome 17p occurs mainly in advanced stages of prostate cancer
and metastatic prostate cancer rather that early invasive prostate cancer [50-52]. BCL2 gene
located in 18q21.33, encodes an integral outer mitochondrial membrane protein which blocks
apoptosis. Its overexpression occurs in advanced, hormone-refractory disease [53].

Functional loss of CDKN1B which maps to 12p13.1 is prevalent in prostate cancer [54]. It inhib-
its cyclin-dependent kinase (CDK), sharing similarity with another inhibitor CDKN1A/p21.
The encoded protein prevents the activation of cyclin E-CDK2 or cyclin D-CDK4 complexes,
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in this way it controls the cell cycle progression at G1 stage. It is degraded through CDK
dependent phosphorylation and subsequent ubiquitination by SCF complexes, permitting
cellular transition from quiescence to the proliferative state. Its inactivation in prostate cancer
is done by expression loss or increased degradation by abnormal phosphorylation and ubiq-
uitinylating, rather than being mutated [55, 56].

Cyclin dependent kinase inhibitor 2A (CDKN2A) located in 9p21.3 encodes three alternatively
spliced variants two of which encode structurally related isoforms functioning as inhibitors of
CDK4 kinase and one variant functioning as stabilizer of the tumor suppressor protein p53.
It is also rarely mutated in early prostate cancer, mainly mutated in advanced disease [57].

6. Enabling replicative immortality

Telomeres are located at the ends of eukaryotic linear chromosomes to protect chromosomes
from end-to-end fusions and protect against the loss of terminal DNA during cell division [58].
Telomerase which is a ribonucleoprotein polymerase, maintains telomere length dur-
ing cell divisions by addition of the telomere repeat TTAGGG [59]. Therefore, telomerase
is also important for the maintenance of chromosomal stability and cellular immortality.
The enzyme consists of a protein component with reverse transcriptase activity, telomerase
reverse transcriptase (TERT) for adding telomeric DNA repeats onto chromosome ends and
an RNA component (TERC) for adding telomeric DNA repeats onto chromosome ends [60, 61]
Telomerase activity was detected in prostate cancer and high-grade prostatic intraepithelial
neoplasia [62, 63]. Both TERT and TERC activities are important in telomere maintenance.
Knockdown of TERC by siRNA has been shown to reduce proliferation of prostate cancer
cells and increased TERC expression which is regulated by MYC, was detected in prostate
cancer [64]. In benign prostatic hyperplasia, PIN and prostate cancer, high levels of telomere
dysfunction were detected, and it was suggested that telomere dysfunction may play a role in
carcinogenesis through genomic instability [65].

7. Inducing angiogenesis

As in any kind of tumoral tissue, tissue needs more blood supply as it grows uncontrolled.
Therefore, cancer cells need to regulate pathways to induce angiogenesis. In prostate can-
cer related angiogenesis, ps20 which is a TGF-betal-induced regulator of angiogenesis, has
been suggested to promote endothelial cell migration and/or pericyte stabilization of newly
formed vascular structures [66]. As well, stromal expression of connective tissue growth factor
also promotes angiogenesis and therefore prostate cancer progression. Expression of CTGF
in tumor-reactive stroma has been shown to induce increased micro-vessel density. CTGF
which is also a downstream mediator of TGF-betal seem to be another important regulator of
angiogenesis in the tumor-reactive stromal microenvironment [67].
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8. Activating invasion and metastasis

Epithelial cancers progress to higher pathological grades of malignancy carcinomas and
become locally invasive and metastatic to distant locations. This is termed as epithelial to
mesenchymal cell transition during which the, the associated cancer cells alter their shape,
their attachment to other cells and the extracellular matrix.

Abnormal increased expression of the mitochondrial ribosomal protein S18-2 has been shown
to induce epithelial to mesenchymal cell transition in prostate cancer through the TWIST2/
E-cadherin signaling and induce CXCR4-mediated migration of prostate cancer cells [68].
MiRNALet-7a has been shown to induce invasion of prostate cancer cells and induce migra-
tion by stimulating epithelial-mesenchymal transition through CCR7/MAPK pathway [69].
Interestingly, inactivation of the androgen receptor resulted in lower expression of a tran-
scriptional repressor (SAM pointed domain-containing ETS transcription factor, SPDEF) of
CCL2, which mediates epithelial to mesenchymal cell transition of the prostate cancer cells.
That may explain progression to metastatic stage in a subset of castration resistant prostate
cancer [70].

9. Reprogramming of energy metabolism

It has been shown that energy metabolism of early prostate cancers mainly depends on lipids
and other energetic molecules for energy production and not on aerobic respiration or aerobic
glycolysis (Warburg effect) [71]. Initially defined by Otto Warburg, the Warburg effect defines
increased rate of glucose uptake, lactate production in proliferating cells in the presence of
oxygen and fully functioning mitochondria [72]. The Warburg effect is the first defined energy
metabolism of cancer cells energy [72]. However, in prostate cancer that is not the matter, as
prostate cancer cells do not have increased glucose uptake except advanced stage disease [73].

In the advanced stages, reduced mtDNA content is a critical step in the metabolism restruc-
turing for cancer cell progression. As, MtDNA depleted prostate cancer cells exhibit Warburg
effect [74]. Reduced microRNA-132 (miR-132) expression was suggested to cause metabolic
switch in prostate cancer cells by inhibiting Glutl expression which results increased rate of
lactate formation, cellular glucose uptake and the rapid growth of the cancer cells [75].

10. Evading immune destruction

The immune system acts a barrier to tumor formation and progression. The role of immune
system is clear when increased malignancies in transplant patients is considered. In patients
with renal transplants, genitourinary malignancies are the third most common malignancy
after skin malignancies and lymphoproliferative disorders [76-78].

9
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Cancer cell transfer extracellular vesicle-mediated estrogen receptor-binding fragment-
associated antigen 9 (EBAGY) to their microenvironment promoting self-immune escape
and further progression. EBAGY suppresses T-cell infiltration into tumor in vivo and limits
T-cell cytotoxicity [79]. Interestingly, the adaptive immune system was suggested to promote
de novo prostate carcinogenesis in a human c-Myc transgenic mouse model [80]. Recently,
tumoral exosome-immune cell cross-talk has been suggested [81]. Prostate-cancer-derived
exosomal prostaglandin E2 (PGE2) was suggested to result impaired CD8+ T cell response
immunosuppression via exosomal regulation of dendritic cell function [81]. Exosomal PGE2
triggered potently the expression of CD73, an ecto-5-nucleotidase responsible for AMP to
adenosine hydrolysis, on dendritic cells. CD73 induction of dendritic cell resulted in an ATP-
dependent inhibition of TNFa- and IL-12-production [81].

11. Conclusions

Above briefly mentioned properties of prostate cancer cells and related genes, genetic path-
ways and their interactions have still no specific clinical use in prostate cancer management.

Yet, we are too far to understand the exact genetic mechanisms underlying prostate carcino-
genesis. But, it is sure that as we progress in further researches we will be more surprised to
find out unknown interactions of supposed to be well known genetic mechanism.
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