Analele Stiintifice ale Universitatii ,,Alexandru loan Cuza”, Sectiunea Genetica si Biologie Moleculara, TOM XI, 2010

EARLY DETECTION OF PROSTATE CANCER FROM BODY FLUIDS
USING DNA PROMOTER METHYLATION

RALUCA DUMACHEY , MARIA PUIU?, SERBAN NEGRU?,
RADU MINCIU*, BOGDAN BUMBACILA®

Keywords: biomarkers, prostate cancer (PCa), benign prostatic hyperplasia (BPH), prostate-specific antigen (PSA); DNA
methylation

Abstract: Prostate cancer is the second most common cancer and the second leading cause of cancer death in men.
Epigenetic alterations including hypermethylation of gene promoters are believed to be the early events in neoplastic
progression and thus these methylated genes can serve as biomarkers for the early detection of cancer from clinical
specimens, such as: tissue biopsies, serum and urine.Early detection of PCa from body fluids, can be done by molecular
detection of some epigenetic biomarkers, such as: GSTP1, RASSF1A and RARB2 gene promoters

INTRODUCTION

Prostate cancer (PCa) is the most common malignancy diagnosed in men and is the second leading cause of cancer-
related death in the United States (1) The metastatic potential of tumor cells and its possible dissemination to secondary
sites are critical factors related to its mortality rates.In spite of the high incidence and mortality rates, the molecular
mechanisms involved in oncogenesis and progression of prostate cancer are still poorly understood , especially related to
the progression to the metastatic form. Prostate cancer etiology remains obscure and its tumors vary from indolent forms,
with low evolution rates, to extremely aggressive ones with rapid growing rates (2). The methods that have been used to
characterize the genetic alterations found in this neoplastic disease include familiar studies designed to map
somehereditary loci, chromosomal studies to identify aberrations that could localize oncogenes or tumor suppressor genes
and intense studies of gene expression. All these studies reflect many signaling pathways that influence the carcinogenetic
process.The slower progression of prostate cancer compared with other types of cancers makes it particularly amenable to
early diagnosis with significantly better outcomes.

The discovery of serum marker PSA twenty years ago significantly altered the detection and follow up of prostate cancer
(3). PSA is an androgen-regulated serine protease produced by both prostate epithelial cells and prostate cancer, and is the
most commonly used serum marker for cancer. The detection of prostate-specific antigen (PSA) in the blood is currently
the most widely used test to screen for early PCa. With the widespread use of PSA screening, the realized incidence of
prostate cancer has increased, due to earlier detection, and reduced mortality.

There are limitations to the utility of PSA testing. In patients with normal digital rectal exams and PSA levels in the
normal range (<4ng/mL), up to 5% of these patients have a high-grade cancer (4). The specificity of intermediate PSA
levels (4 to 10 ng/mL) as an indication of prostate cancer is reported to be only 20% .(5). Identification of early disease-
stage biomarkers has potential value for prevention, treatment, and early detection of several cancers, including prostate
cancer.

Biomarkers are cellular, biochemical and molecular (proteomic, genomic and epigenetic) alterations by which normal,
abnormal or simply a biologic process can be recognize or monitored. They are used to measure and evaluate normal
biological processes, pathogenic processes or pharmacologic responses to a therapeutic intervention. In the field of cancer
research and detection, a biomarker refers to a substance or process that is indicative of the presence of cancer in the
body. It might be either a molecule secreted by a malignancy itself or a specific response of the body to the presence of
cancer. Biomarkers are measurable in biological media such as: tissues, cells or fluids (6).

For the past decade, the discovery of epigenetic biomarkers, specifically hypermethylation of cytosine-phosphodiester-
guanine (in consecutive DNA bases) (CpG) islands, has been in development for the detection of prostate cancer.

DNA mutations have widely been described as the underlying basis of cancer. Epigenetic modifications are heritable
DNA changes affecting gene expression and including micro RNA (miRNA)-associated silencing, histone modification,
and DNA methylation. (7).

The most frequent and best understood epigenetic mechanismis DNA methylation. DNA methylation is the enzyme-
mediated chemical addition of a methyl group (CHs) to a nucleotide base pair. Methylation above normal levels is
referred to as hypermethylation. Abberant methylation of CpG sequences is one of the most common alterations
occurring in human cancer.

It was observed that human prostate cancer cells have hypermethylated CpG islands in the glutathione S-transferase pi
(GSTP1) gene (8) Glutathione S-transferase Pi is a member of a large family of enzymes that conjugate reactive chemical
species to glutathione for detoxification. It is reported that CpG islands in GSTP1 are hypermethylated in >80% of
hepatocellular carcinomas, ~30% of breast cancers, and >90% of prostate cancers (9).
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Quantitative DNA Methylation Analysis by PCR

The power of DNA methylation analysis compared to other technologies that use RNA or protein is that it is a DNA-
based technology (10). DNA is much more stable than RNA and proteins. Thus, it is more feasible to isolate and analyze
DNA from archieved or stored biological samples. Over the past five years, techniques for assesing DNA methylation
have become more sensitive and specific and less labor intensive. The latest technology, termed MethyLight, uses a
fluorescence-based real-time polymerase chain reaction (PCR) methodology that incorporetes methylation-specific PCR
to enable quantitative analysis of hypermethylated alleles (11). The reported level of detection of the MethyLight
technique is 1 hypermethylated alle in 10.000 unmethylated alleles or 1/10.000 (12).

The strength of DNA methylation as a potential biomarkler for the early detection of prostatic intraepithelial neoplasia is
based on the following factors:

1. Methylation can be detected in circulating tumor DNA in serum or urine, and is strongly correlated with the
methylation status of DNA isolated from the corresponding primary tumors (13);

2. Methylation of target genes is seldom observed in normal DNA tissue samples (14-15);

3. Laboratory evidence suggests that methylation is an early event in the carcinogenic process (16);

4. Several genes implicated in carcinogenesis undergo methylation leading to gene inactivation. These genes include:
APC , GSTP1, RARpB2, RASSF1A (17-18);

5. Preliminary evidence shows that DNA methylation status as a biomarker would provide both specificity and sensitivity
(19);

6. New methodologies and techniques offer promise of high-throughput and quantitative analysis of DNA methylation
(20);

Hypermethylation of the GSTP1 CpG Islands are Found in Prostate Cancer

The first analysis of GSTP1 CpG island hypermethylation was made by Lee and colleagues in 1994. (21) In this study, it
was determined that the promoter sequences in the GSTP1 gene were hypermethylated in every prostate carcinoma tissue
sample examined. In contrast, hypermethylation was completely absent in prostate tissue from healthy individuals and
those with benign hyperplasia (22).Hypermethylation of GSTP1 appears to increase with the progression of prostate
cancer. Whereas hypermethylation is completely absent in healthy prostate epithelium, >90% of localized prostate
cancers have GSTP1 CpG island hypermethylatio(23) These fundamental findings have laid the foundation for a number
of recent reports that have investigated the detection of hypermethylation in CpG islands in clinically relevant samples.

Detection of CpG Island Hypermethylation in Urine and Blood Specimens

The close relationship between hypermethylated CpG islands of GSTP1 and prostate cancer makes detection of these
changes in clinically relevant specimens a fascinating prospect. To detect epigenetic changes in a noninvasive manner,
ideal samples would be either urine or peripheral venous blood. In urine, prostate cells are released through the
connection of the prostatic ducts into the urethra. In peripheral blood samples, it has been established that PCR methods
can detect prostate-specific DNA in specimens from men with prostate cancer (24) Prostate DNA passes into the blood
through several different pathways including direct release into the circulation, as a result of prostate cell turnover, and
through circulating phagocytes that have ingested prostate cancer cells. The rich vascular supply to the prostate provides a
ready avenue for prostate-derived DNA to reach the bloodstream. (25)

Detection of CpG Island Hypermethylation in Urine

Due to the anatomic proximity of the prostate to the urethra, normal and disease prostate cells are regularly shed into the
urine. Since >90% of prostate cancers have epigenetic changes, it was initially hypothesized that noninvasive detection of
hypermethylation in urine might help improve current methods to diagnose prostate cancer.

In 2001, Cairns and colleagues reported that GSTP1 hypermethylation was detectable in 27% of patients with prostate
cancer.Subsequent studies have also investigated the efficacy of GSTP1 hypermethylation to identify patients with
prostate cancer versus BPH, identifying a high specificity of the test (26).

Recent studies have expanded on the use of detecting GSTP1 hypermethylation in urine samples to detecting
hypermethylation of an array of other gene promoters. Hoque and colleagues studied the relationship of aberrantly
methylated promoters in 9 different methylation-regulated genes (p16INK4a, p1l4 [ARF], MGMT, GSTP1, RARp2,
CDH1 [E-cadherin], TIMP3, RASSF1A, and APC) using quantitative PCR to analyze the urine sediment from 52 patients
with prostate cancer and 91 controls. These 9 genes were chosen because their expression is frequently silenced by
hypermethylation and in many cases have the absence or near absence of methylation in normal prostate tissue (27).
Promoter hypermethylation was identified in at least 1 of the 9 genes in all 52 prostate cancer patients. Promoter
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hypermethylation of the combined subset of p16, ARF, MGMT, and GSTP1 enabled detection of 87% of prostate cancers
with 100% specificity Roupret and colleagues similarly assayed urine samples obtained post-prostate massage for
aberrant methylation of 10 genes (GSTP1, RASSF1A, ECDH1, APC, DAPK, MGMT, p14, p16, RARB2, and TIMP3) by
methylation-specific PCR (28).

In another study, post-prostatic massage urine samples were assayed for the presence of aberrant GSTP1
hypermethylation in men referred for diagnostic biopsies to determine its utility in potentially screening prostate cancers.
In this population, the detection of hypermethylation in urine specimens had 75% sensitivity and 98% specificity for
prostate cancer in contrast to biopsies which had 91% sensitivity and 88% specificity. GSTP1 methylation was detected
more frequently in men with stage 3 versus stage 2 disease (100% versus 20%), suggesting a potential use for staging
disease (29). This study indicates that detection of increased GSTP1 methylation in urine samples may improve the
specificity of PSA and/or biopsy, helping distinguish prostate cancer from benign prostatic hyperplasia.

Serum/Plasma Detection of CpG Island Hypermethylation

Several studies have provided evidence that prostate cancer can be detected in serum and plasma. The first study to detect
GSTP1 promoter hypermethylation in plasma samples found that 72% (23/32) of patients with prostate cancer had
GSTP1 promoter hypermethylation compared with none of patients with benign prostatic hyperplasia (BPH). Other
studies have similarly identified the utility of assaying for hypermethylated GSTP1 (and other genes such as the androgen
receptor) to differentiate patients with prostate cancer from those without (30). These studies provided proof-of-concept
that increased hypermethylated GSTP1 is associated with prostate cancers and is detectable in plasma and serum using
quantitative PCR methods. In tissue based analysis, the detection of hypermethylation in multiple genes (including
GSTP1) appears to increase diagnostic sensitivity and specificity to 96% and 100%. (31).

To determine the usefulness of multiple markers in serum samples, Ellinger and colleagues (32), recently investigated the
utility of detecting CpG island hypermethylation in patients with localized prostate cancer. To assay cell-free serum from
patients with prostate cancer, they used methylation-specific quantitative PCR to measure hypermethylation of CpG
islands in GSTP1, TIG1, PTGS2, and Reprimo. These specific genes, which are not well characterized, were investigated
because they have been implicated in the pathogenesis of prostate cancer, and hypermethylation of these genes have been
identified in prostate cancer tissue.

All 4 genes displayed higher frequencies of CpG hypermethylation in patients with prostate cancer (42.3%, 9.5%, 2.4%,
and 1.2%, respectively) compared with BPH patients (7.7%, 0%, 0%, 0%, respectively) and healthy controls (all 0%).
Hypermethylation of GSTPL1 in cell-free serum identified 4 patients with incidental prostate cancer recurrence (33).

CONCLUSIONS

Approximately 10 years ago, it was identified that CpG islands in prostate-specific genes are hypermethylated in >90% of
prostate cancer cases. Since then, a series of studies have exploited this finding in the hopes of creating a way to detect
prostate cancer in clinically relevant samples, such as blood and urine, in order to improve the diagnostic accuracy of
prostate cancer detection and progression. In the past year, research studies have demonstrated the ability to detect
hypermethylated CpG islands in blood and urine on diagnostic samples has offered promise that these tests may
eventually be an improvement over our current diagnostic tools. These advances would mean fewer unnecessary prostate
biopsies, and tests that more accurately differentiate prostate cancer from benign prostate disease.

REFERENCES

Anker, P et al. (2001).Detection of circulating tumor DNA in the blood (plasma/serum) of cancer patients. Cancer
Metastasis Rev.18: 65-73

Balk SP, Ko YJ,Bubley GJ (2003): Biology of prostate-specific antigen. J Clin Oncol; 21: 383-91

Cairns P, Esteller M, Herman JG, et al. (2002).Molecular detection of prostate cancer

in urine by GSTP1 hypermethylation.Clin Cancer Res. ; 7: 2727-2730.

Cairns P, Esteller M, Herman JG, et al. (2003).Molecular detection of prostate cancer

in urine by GSTP1 hypermethylation.Clin Cancer Res. ; 7: 2727-2730.

Duffy MJ, Napieralski R, Martens JW et al. (2009).Methylated genes as new cancer biomarkers. Eur J Cancer;

45: 335-346

Egger G, Liang G, Aparicio A, Jones PA.(2004).Epigenetics in human disease and prospects for epigenetic therapy.
Nature; 429:457-463.

Ellinger J, Haan K, Heukamp LC, et al. (2008). CpG island hypermethylation in cell-free serum DNA identifies patients
with localized prostate cancer. Prostate; 68:42—-49.

Ellinger J, Bastian PJ, Jurgan T, et al. (2008).CpG island hypermethylation at multiple gene sites in diagnosis and
prognosis of prostate cancer.Urology.; 71:161-167.

165



Raluca Dumache et al. — Early detection of prostate cancer from body fluids using DNA promoter methylation

Esteller M, et al (2001).A gene hypermethylation profile of human cancer. Cancer Res.61: 3225-3229

Esteller, M. (2000). Epigenetic lesions causing genetic lesions in human cancer: promoter hypermethylation of DNA
repair genes. Eur.J.Cancer 36: 2294-2300

Foy C.A&H.C.Parkers, (2002). Emerging homogeneous DNA-based technologies in the clinical laboratory.Clin
Chem.47: 990-1000

Goessl C, et al (2001).DNA-based detection of prostate cancer in blood, urine, and ejaculates. Ann N.Y. Acad.Sci.945:
51-58

Goessl C, Muller M, Straub B et al.(2002).DNA alterations in body fluids as molecular tumor markers for urological
malignancies. Eur Urol; 41:668-676

Goessl C, Krause H, Muller M, et al. (2003).Fluorescent methylation-specific polymerase chain reaction for DNA-based
detection of prostate cancer in bodily fluids. Cancer Res.; 60:5941-5945

Hayes JD, Pulford DJ. (2005).The glutathione S-transferase supergene family: Regulation of GST and the contribution of
the isoenzymes to cancer chemoprotection and drug resistance. Crit Rev Biochem Mol Biol.; 30:445-600

Henrique R, Jernimo C, Teixeira MR, et al. (2006).Epigenetic heterogeneity of high-grade prostatic intraepithelial
neoplasia: clues for clonal progression in prostate carcinogenesis. Mol Cancer Res; 4:1-8

Hopkins TG, Burns PA, Routledge MN (2007).DNA methylation of GSTP1 as biomarker in diagnosis of prostate cancer.
Urology; 69: 11-6

Hoque MO, Topaloglu O, Begum S, et al. (2005).Quantitative methylation-specific polymerase chain reaction gene
patterns in urine sediment distinguish prostate cancer patients from control subjects. J Clin Oncol; 23: 6569-6575.

Jemal A, Murray T, Ward E, et al (2005).Cancer statistics. CA Cancer J Clin.2005; 55:10-30.

Jeronimo C, Usadel H, Henrique R, et al. (2002).Quantitative GSTP1 hypermethylation in bodily fluids of patients with
prostate cancer. Urology; 60: 1131-1135.

Jones PA, Baylin SB. (2002).The fundamental role of epigenetic events in cancer. Nat Rev Genet; 3:415-428.

Lee WH, Morton RA, Epstein JI, et al. (2003).Cytidine methylation of regulatory sequences near the pi-class glutathione
S-transferase gene accompanies human prostatic carcinogenesis. Proc Natl Acad Sci USA.; 91:11733-11737.

Li PE, Nelson PS: Prostate cancer genomics. (2001). Curr Urol Rep, 2: 70-8

Lin X, Tascilar M, Lee WH,et al. (2001).GSTP1 CpG island hypermethylation is responsible for the absence of GSTP1
expression in human prostate cancer cells.Am J Pathol.; 159: 1815-1826.

McDavid K, Lee J, Fulton JP, et al. (2004).Prostate cancer incidence and mortality rates and trends in the United States
and Canada. Public Health Rep.; 119:174-186.

Nakayama M, Gonzalgo ML, Yegnasubramanian S, et al (2004).GSTP1 CpG island hypermethylation as a molecular
biomarker for prostate cancer.J Cell Biochem.;91: 540-552.

Negm R.S, M.Verma &S.Srivastava (2002).The promise of biomarkers in cancer screening and detection.Trends
Mol.Med. 8: 288-293

Parekh DJ, Ankerst DP, Troyer D et al. (2007).Biomarkers for prostate cancer detection. J Urol; 178:2252-2259
Papadopoulou E, Davilas E, Sotiriou V, et al. (2006).Cell-free DNA and RNA in plasma as a new molecular marker for
prostate and breast cancer. Ann NY Acad Sci.; 1075:235-243.

Roupret M, Hupertan V, Yates DR, et al. (2007). Molecular detection of localized prostate cancer using quantitative
methylation-specific PCR on urinary cells obtained following prostate massage. Clin Cancer Res; 13:1720-1725.
Srivastava S & B.S.Kramer (2000).Early detection cancer research network.Lab. Invest. 80: 1147-1148

Thompson IM, Ankerst DP (2007).Prostate-specific antigen in the early detection of prostate cancer. CMAJ; 176: 1853
1858.

Yegnasubramanian S, Kowalski J, Gonzalgo ML, et al. (2004).Hypermethylation of CpG islands in primary and
metastatic human prostate cancer. Cancer Res; 64:1975-1986.

1. Department of Biochemistry, University of Medicine and Pharmacy ‘’Victor Babes’’, Timisoara, Romania

2. Department of Medical Genetics, University of Medicine and Pharmacy “’Victor Babes’’, Timisoara, Romania
3. OncoMed Clinic, Timisoara, Romania

4. Department of Urology University of Medicine and Pharmacy “’Victor Babes’’, Timisoara, Romania

5. Department of Clinical Pharmacy, University of Medicine and Pharmacy “’Victor Babes’’, Timisoara, Romania

Corresponding address:

Raluca Dumache, M.D, PhD, telefon: 0256-204.400, fax: 0256-490626,

University of Medicine and Pharmacy “’Victor Babes’’, Eftimie Murgu Square no. 2, zip code 300041,
Timigoara, Romania,

Email address: rdumache@gmail.com

166





