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Epigenetic alterations In ) IPOPORTO
Prostate cancer: overview

A Epigenetic mechanisms and Cancer
I DNA methylation
I Histone modifications / chromatin remodeling
I microRNASs

A Epigenetic alterations in Prostate cancer

A Crosstalk between genetic and epigenetic
mechanism in Prostate cancer

A Epigenetic biomarkers for Prostate cancer
management
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Epigenetics: heritable changes in gene expression and chromatin
organization that are not encoded in the genomic DNA itself.
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Cytosine methylation in CpG: Cytosine phosphate Guanine

Cytosine 5-Methylcytosine Thymine Methyl-Cytasine
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DNMT: DNA methyltransferase il
SAM: S-adenosyl-methionine
SAH: S-adenosyl-L-homocysteine
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CpG islands

ACluster of CpG dinucleotides in small stretches of DNA
(0.5- 4 kb in length), usually > 60% GC content.
A80 % of CpG in genome are not associated with CpG
Islands

AAccording to computer prediction by bioinformatics, there
are at least 20,000 CpG islands:

~ 60 % Iin promoter region,

~ 30 % in coding sequences,

~ 10 % in other region.
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Table 2.4 Cellular pathways disrupted by promoter CpG hypermethylation of tumor suppressor genes

Pathways

Representative hypermethylated genes

DNA repair

Hormone response
Vitamin response

Ras signaling

Cell cycle

P53 network

Cell adherence and invasion
Apoptosis

Whnt signalling

Tyrosine Kinase cascades
Transcription factors
Homeobox genes

Other pathways

microRNAs

MLH1, MGMT, WRN, BRCA1

Estrogen, progesterone, androgen, prolactin and tyroid-stimulating hormone receptors
RAR(2, CRBP1

RASSF1A, NOREIA

p16INK4a, p15INK4b, Rb

p14ARF, p73, HIC-1

E-cadherin, H-cadherin, FAT cadherin, EXT-1, SLIT2, EMP3

TMS1, DAPK, WIF-1, SFRP1

APC, DKK-1, IGFBP-3

SOCsS-1, SOCS-3, SYC

GATA-4, GATA-5, ID4

PAX6, HOXA9

GSTP1, LKB1/STK11, THBS-14, COX-2, SRBC, RIZ1, TPEF/HPP1, SLC5A8, Lamin A/C
miR-127 (targeting BCLG), miR-124a (targeting CDKGE)

Esteller, 2007
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Inactive / Active
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DNA methylation & histone
modification patterns are
altered in Cancer
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MmicroRNAs (miRs)

A MicroRNAs  (miRNAS)
are a family of 21125

nucleotide  non-coding
RNAs

A They negatively regulate
gene expression at the
post-transcriptional level
IN a seqguence-specific
manner:

I Translational repression
I mMRNA cleavage
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Ivorio et al., 2009
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A ~ 700 miR discovered in humans

A miRNA may be located either within the introns or
exons of protein-coding genes (70%) or in
iIntergenic areas (30%)

A ~ 30% of human genes are regulated by miRNA
A A single miRNA can regulate dozens of transcripts

A A transcript may be a target of several miR
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A Role of miRNAs in carcinogenesis

Overexpression
of oncogenic
miRNA

miRNA-21

Downregulation
of suppressor
PCG targets
PTEN
TPN1

Downregulation
of suppressor
miRNA
miRNA-15
miRNA-16

Hyperexpression
of PCG targets
BCL2
CDKé6
CDC27

>~

Increased proliferation
Decreased apoptosis ——#-
Increased angiogenesis

Cancer initiation
and progression

Calin et al., 2007
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A Mechanisms of miRNAs deregulation

(a) Homozygous deletion

Deletion + promoter

hypermethylation

Deletion + mutation

Abnormal miBNA
processing

miANA gene
— Y

(b)
Amplification

Translocation

~

|
~

Tumor suppressor miRNAs
\. /  MiR-15a and MiR-16~1
ﬂ]]ﬂ[:j; Let-7a BOCL-2
__AAAGNADAAARNASKANGAAD
Low expression Oncogene mRNA Proliferation
Invasion
Angiogenesis
Oncogenic miRNAs Tumor supressor nNRNA  Apoptosis
—_I0N000Na0NAaNAANRRAND
MiR-17-92 MiR-155 TGFBR2
mlm::} [ g3 / 5 !
o (111 3
e O ¥
m MiR-21
High expression
TRENDS in Molecular Medicine

Garzon et al., 2006



Genetics and Epigenetics ‘@ jpororTo

Heritable silencing
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The clonal genetic model of cancer
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cancer: DNA methylation R

Table 1. Genes affected by epigenetic aberrations in prostate cancer

Epigenetic aberration

Gene sy'mhull

References

DNA hypermethylation

Hormonal response AR, ESRI1. ESRZ. RARB. RARRESI 12, 14, 19-21. 35, 36, 39, 58, 78, 184
Cell cycle control CCND2, CDEN2A, CDKNI1A., SFN 52. 56, 58. 59, 61-63, 78, 242
Tumor cell | APC, CAV1. CD44, CDHI., CDH13, | 55. 58. 66. 69, 70, 72-76. 78-80, 243
invasion/tumor LAMA3 LAMB3, LAMC2

architecture

Repair of DNA damage

GSTP1, MGMT

85, 56, 84, &7, 88, 90, 203-205, 208, 244, 21,
70,78, 206, 210, 245, 55, 57, 58, 243, 246

Signal transduction

DAB2IP, DAPK1, EDNRB, RASSF1

55,58, 71, 78, 98, 103, 247, 248

Inflammatory response PTGS2 58

Others ALDHIAZ, HIC1. MDR1. PXMP4 21, 58, 243, 249-251
DNA hypomethylation CAGE, HPSE, PLAU, XIST 131,133,135, 136
Histone hyvpoacetvlation CAER, CPA3 RARB. VDR 172,179, 184, 252, 253
Histone methyvlation DAB2IP, GSTPI1. PSA 10,167,170, 191

! Genes are listed alphabetically in each category

Li and Dahiya, 2007




DNA methylation as a
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Prostate cancer biomarker Lk 1S/ ILS,

Advantages of DNA methylation as a Cancer
biomarker:

AEasy to screen, because it is localized in a particular
region of the gene

At is a positive signal that is less likely to be masked
through contaminant normal DNA

AVlore stable and more easily manipulated than RNA
MARequires very small amounts of DNA

At requires low amounts of DNA, suitable for several types
of biological fluids and biopsy samples as serum/plasma,
urine, bronchoalveolar lavage fluid, saliva, sputum, ductal
lavage fluid and fine-needle aspirates
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Journal of the National Cancer Institute. Vol. 93, No. 22. November 21. 2001

Quantitation of GSTP1
Methylation in
Non-neoplastic Prostatic
Tissue and Organ-Confined
Prostate Adenocarcinoma

Carmen Jeronimo, Henning Usadel,
Rui Henrique, Jorge Oliveira,
Carlos Lopes, William G. Nelson,
David Sidransky
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Fig. 1. Dastribution of GSTP1 methylation levels i prostate tissues displaying benign prostatic hyperplasia
(BPH), prostate intraepithelial neoplasia (PIN), and clinically localized prostate adenocarcinoma (T). Nine
(29.0%) of 31 patients with BPH, 63 (91.3%) of 69 pafients with T, and 15 (53.6%) of the 28 paired PIN
lesions harbored methylated GSTP1 promoter DNA as determined by real-time methylation-specific poly-
merase chamn reaction. Each circle represents a different tissue sample. The solid horizental bar indicates
the median ratio of methylated GSTPLI/MYQOD1 (<1000) within a group of patients. The median ratio of
methylated GSTP1I/MYODI1 differed statistically significantly between BHP and PIN (P = 014), between
BPH and T (P=.001). and between PIN and T (P = 1 x 107°). Asterisks indicate the samples (n = 22 for
BPH:n = 13 for PIN: n = 6 for T) that had a median ratio of methylated GSTP1L/MYODI equal to 0, which
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Journal of the National Cancer Institute, Vol. 93, No. 22. November 21, 2001

Quantitation of GSTP1
Methylation in
Non-neoplastic Prostatic
Tissue and Organ-Confined
Prostate Adenocarcinoma

Carmen Jeronimo, Henning Usadel,
Rui Henrique, Jorge Oliveira,
Carlos Lopes, William G. Nelson,
David Sidransky
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Fig. 2. Distnbution of the levels of serum prostate-specific antigen (PSA) and GSTP1 mechylation (log
scale) m prostate sextant biopsy samples from paneats without (NB = normal biopsy: n = 10) and
with a hustolognc diagnosis of prostate cancer (TB = hunor biopsy, n = 11} The y-axis represents the
GSTPIMYODI rano » 1000 (Me) or PSA values. Four (40.0%) of 10 patients with methylated NB had a
GSTPIMYODI ratio (<1000) less than 10, and 10 (90.9%) of 11 panents with TB had a GSTP1I'MYOD1
ratio (<1000) greater than 10 m thewr biopsy specunens (Me = methylation level of GSTP1) Asterisks m-
dicarethe samples (n = 6 for NB and n = 1 for TB) that had & median ratio of methylared GSTPI/MYOD!1
equal 1o 0, which cannot be plotted on a log scale. The solid horizontal bar mdicates the median ratio
of esther serum PSA or methylated GSTPI/MYOD1 #1000 within a group of patients. The median senum
PSA levels daffered stausucally sigmficamtly between NB and TB (P = 014). The difference between the
medaans of methylated GSTPI'MYOD! itn NB and TB was also statistically ssgmficant (P = 0007)
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Journal of the National Cancer Institute, Vol. 95, No.

Quantitative GSTP1
Methylation and the
Detection of Prostate
Adenocarcinoma in Sextant
Biopsies

Susan V. Harden, Harviette
Sanderson, Steven N. Goodman,
Alan A. W. Partin, Patrick C.
Walsh, Jonathan 1. Epstein,
David Sidransky
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Table 1. Sensitivity and specificity of histology and the gene encoding glutathione S-transferase 7 (GSTP1) quantitative methylation-specific polymerase
chaim reaction (QMSP) assay i prostate cancer detection#

Patients with prostate cancer

Patients without prostate cancer

Histology alone or GSTP1 QMSP combined
with histology

Histelogy alone or GSTP1 QMSP

GSTP1 QMSP alone combined with histology

Sensitivity

No. test-positive/ %o sensitivity incrementt No. test-positive/ %o Sensitivity No. test-negative/ % specificity
Test (threshold) No. true-positive {95% CI) (95% CI) No. frue-postiive (95% CT) No. true-negative (95% CI)
Histology 39/61 64 (31 to 76) NA NA NA 11/11 100 (72 to 100)
GSTP1 QMSP (=10) 46/61 75 (63 to 86) 11 (5 to 22) 43/61 70 (57 to 81) 11/11 100 (72 1o 100)
GSTP1 QMSP (=3) 48/61 79 (68 to 89) 15 (7 to 26) 46/61 75 e63 to 86) 11/11 100 (72 to 100)
GSTP1 QMSP (=2) 52/61 85 (74 to0 93) 21 (12 to 34) 50/61 82 eTO to 91) 10/11 91 (58 t0 99)
GSTP1 QMSP (=1) 54/61 89 (78 to 93) 25(1510 37) 34/61 80 e?S to 93) 711 64 (31 to 89)
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GSTP1 Hypermethylation for Prostate

Cancer Detection @ IPOP ORTO

Rui Henrique and Carmen Jeronimo

Table 1
Performance of G579 Hypermethylation for Detection of Prostate Cancer
iIl 'n.rll.]'lt.' i“]';l I.Jli'w]'[l-illr\'.';ﬁ'nlltl

Saniple tvpe, Metliod Sensitivin Specificity eV NPV
sy (ref.) (%) W™ To be useful for prostate
Urine

Cioess] o1 al. CMSP M4 100 [ SEN cancer SCI’eenIng, testlng fOI‘
B CMSP 725 U6 u6.7 T8.8 GSTPl hypermethylatlon

Cinessl et al.

(2001) (29) _ must be feasible in body

Cairns et al. CMSP 24 ND ND MDD
(2001) (30)
Jerémimm ¢t al, CMSP 304 Ui, 8 Q5.5 341 fIL”dS (urlne & plasmalserum)
(20024 (27

UMEP | 5.5 ok Lry 44
Gonzalgo et al, CMSP 50 N ND MND
[2iWI3) (322
Huogue et al QMSP 48.1 10} [(H} 77.1
(20M05) (33)
erllprél el al. UMEP ¥3.2 b Q4.0 (7.3
(2007 1 34)

Plasma/serum

Cioess] et al. CMSP R (L0 (R T1.10
(20000 (28]
Jerdonimao et al. CMSP Nz [LN] [THF 41.3
(20M02) (37

OMSP [ 3.0 10K [} 341

PPY, positive predictive value: NPV, negative predictive value: CMSP. conventional methylation-specific PCR:
OMSEP, quamitative methylanon-specific PCR; NIk not determined.

From: Current Clinical Urology: Prostate Cancer Screening, Edited by: D. P. Ankerst et al.
DOI 10.1007078-1-60327-281-0_19 © Humana Press. a part of Springer Science+Business Media, LLC 2009
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Rui Henrique and Carmen Jerdnimo

Table 2

Diagnostic Information Provided by Hypermethylation Analysis of the Combination of G577 with Other Lo, in Tissue Samples and Urine

Sample rvpe, study (ref.) Method Sensitivity (%) Specificiry (T} PPV (%) NPV (%)

Prostate tissue

Yegnasubramanian et al. (2004) (57} QMSP
GSTPI/MDRI 97.3 100 106} 92.6
GSTPI/MDRI/APC 08.6 96.0) 08.6 96,0
GSTPI/MDRI/APC/PTGS2 100 02.0 97.3 100
GSTPI/MDRI/APC/PTGS2/RASSFIA 100 92.0 97.3 1K)
Tokumaru et al. (2004) ( 38) QMSP
GSTPI/TIGH 883 1060 [N} 61.1
GSTPI/APC 85.2 100 100 55.0
GSTPI/RARB2 0.2 100 1) 64.7
GSTPI/TIGI/APC/RARB2 06.7 100 100 938
Jeronimo et al. (2004) (39) QMSP
GSTPIAPC 98.3 100 100 038
Bastian et al, (2005) (40) QMSP
GSTPI/PTGS2 062 100 1) 87.5
GSTPIAPC 6.2 92.9 8.1 86.7
GSTPI/RASSEIA OX.1 714 929 90.9
GSTPI/APC/PTGS2 98.1 929 8.1 92.9
Enokida et al. (2005) (41) CMSP
GSTPIAPC/MDRI 759 84.1 92.1 58.6
Urine
Hoque et al. (2005) (33) QMSP
GSTPIARF/CDNR2A/MGMT 86.5 100 iy 929
Rouprét et al. (2007) (34) QMSP
GSTPI/APC/RASSFIA/RARB2 86.3 89.5 95.3 72.3

PPV_ positive predictive value: NPV negative predictive value: CMSP. conventional methviation-specific PCR: QMSP, guantitative methvlubion-specific PCR.

Multigene methylation analysis enhances the rate of cancer detection,
maintaining high specificity and positive predictive value, and increases the
negative predictive value of the assay
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Clin Cancer Res 2007,13(20) October 15, 2007

High Promoter Methylation Levels of APC Predict Poor Prognosis
in Sextant Biopsies from Prostate Cancer Patients

Rui Henrique,"® Franclim R. Ribeiro,” Daniel Fonseca,® Mohammad O. Hoque,” André L. Carvalho,’
Vera L. Costa,” Mafalda Pinto,” Jorge Oliveira,” Manuel R. Teixeira,”> David Sidransky,’
and Carmen Jerénimo®>®
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Clin Cancer Res 2007,13(20) October 15, 2007

High Promoter Methylation Levels of APC Predict Poor Prognosis
in Sextant Biopsies from Prostate Cancer Patients

Rui Henrique,"® Franclim R. Ribeiro,” Daniel Fonseca,® Mohammad O. Hoque,” André L. Carvalho,’
Vera L. Costa,” Mafalda Pinto,” Jorge Oliveira,” Manuel R. Teixeira,”> David Sidransky,’
and Carmen Jerénimo®>®

Table 3. Cox regression models assessing the potential of clinical and epigenetic variables in the prediction of
disease-specific or disease-free survival for 83 PCa patients

Model tested Variables* OR 95% CI for OR P

Disease-specific survival CS5 = IV versus CS =11 5.03 1.53-16.51 0.008
APC methylation = P75 3.51 1.23-9.96 0.018

Disease-free survival CS = III versus CS = II 2.66 1.19-5.94 0.017
CS =1V versus Cs =11 3.09 1.40-6.82 0.005
APC methylation = P75 2.58 1.29-5.16 0.008

Abbreviations: OR, odds ratio; CS, dinical stage; CI, confidence interval; P75, percentile 75 for methylation level.
*Only variables displaying independent prognostic information in the final step of each model (forward conditional setting) are displayed.

Clinical stage and APC high-methylation levels
are independent predictors of outcome
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A Overexpression of enzymes involved in
the modification of histone talls:
I HDAC1 (histone deacetylase 1)
AGlobal deacetylation

I EZH2 (enhancer of zeste homolog 2)
AHistone-lysine N-methyltransferase (H3K27me3)
AMember of the Polycomb group family

I LSD1(lysine-specific demethylase 1)
ARemoves methyl groups from H3K4

Associated with aggressive forms of Prostate cancer
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Epigenetic alterations in Prostate
cancer: Histone modifications
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TEFRC Research Article

Global Levels of Specific Histone Modifications and an

Global histone modification patterns predict risk of Epigenetic Gens Signature Predict Prostate Cancer
Progression and Development

prostate cancer recurrence
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APrognostic value of histone modifications, AH3K18Ac was associated with relapse-free
especially H3K18Ac, were largely confined to less- survival
aggressive or early-stage cancers, including low AH3K18Ac levels were independent predictors

Gleason score prostate cancer of PSA relapse



Epigenetic alterations in Prostate
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letters to nature
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AClinically localized prostate cancers
that express higher levels of EZH2

have a poorer prognosis
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Epigenetic alterations in Prostate
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tm. J. Canver: 122, 595602 (2008)
2007 Wiley-Liss, Inc

EZH2, Ki-67 and MCM7 are prognostic markers

prostatectomy treated patients
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pT3 63/69(91) 6/69 (9) 0.3943
PSA

Mean 158 345

SD 12.9 65.3
Agc

Mean 63.3 62.2

SD 4.8 5.0 0.4055

©) IPOPORTO

Aincreased EzH2 was significantly
associated with a higher Gleason
score and a shorter progression-free
survival
AEZH2 is a potential prognostic
biomarker in PCa patients submitted

to radical prostatectomy
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