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Abstract - Objective: Prostate Specific Antigen (PSA) is a commonly used marker for the diag-
nosis and follow-up of Prostate Cancer (PC) and Prostatic Intraepithelial Neoplasia (PIN). Further-
more, in order to ensure early detection of the patients at risk of PC and PIN, there is a growing
need for new tools able to early identify this subject. Molecular analysis of neoplastic prostate
tissues showed the inactivation of the Glutathione-S-Transferase gene (GSTP1) due to the hyper-
methylation. The aim of this study is the validation of the specific and sensitive detection of the
methylation status of the GSTP1 gene for potential biomarker to assess early detection of PIN.

Patients and Methods: The methylation status of 5’ promoter region of the GSTP1 gene was
obtained by Methylation Sensitivity-PCR (MS-PCR). The test was optimized in terms of the specificity
and sensitivity. The cost-efficacy of the test was tested on the DNA from 20 donors healthy subject,
57 benign prostatic hypertrophy (BPH), and 57 PC patients.

Results: GSTP1 promoter gene methylation was detected in 0% of healthy subjects (20/20, me-
dian age 32,7 years), in 43,9% of patients with BPH (25/57 mean age 60,5 years) and in 57,6% of
patients with PC (34/57 mean age 67,8 years). Significantly, the 81,8% of patients with PC, age >65
years and total PSA< 4 ng/ml were positive for the methylation status of GSTP1 gene.

Conclusions: In this way, specific evaluation of the methylation status of the GSTP1 gene may
be a useful tool for the prediction of patients at risk of PC. In addition, the test is cost-effectiveness
and could be used extensively for cancer prevention.

KEYWORDS: Methylation sensitivity, Analytical validations, Molecular diagnostics, GSTP1, Prostate
cancer.

INTRODUCTION

Improvements of the molecular diagnostic meth-
ods have been ameliorating the early diagnosis of
prostate cancer 2. Many studies have been inves-
tigating a genetic test for the screening, revelation
and treating of the prostate cancer. The results of
these researches have already been commercialized.
These assays, so far, have not shown any clinical
usefulness as far as the diagnosis, prognosis or the

risk evaluation are concerned. The National Com-
prehensive Cancer Network® (NCCN) and Nation-
al Cancer Institute (NCI) don’t impose any genetic
or epigenetic test for the prediction and treating of
the prostate cancer. Actually the prostate-specific
antigen (PSA) has been used in combination with
the digital rectal examination (DRE) for diagnosing
and treating of prostate cancer. The association of a
gene methylation marker, GSTPI, with prostate can-
cer has been investigated. Several studies of GSTPI

Corresponding Author: Elisa Varriale, MD: e-mail: elisava@libero.it 1



WWorld Cancer esearch Journal

hypermethylation, using tissue samples, showed
significant results for the prostate cancer identifi-
cation with a sensitivity of 92%, specificity of 85%
and an area underneath the AUC curve of 0,9 3. The
PCA3 test, instead, has been used as a possible ad-
ditional tool for the prostate cancer diagnosis. The
PCA3 gene (previously known as DD3) is extremely
over-regulated in prostatic tumor cells and it is not
expressed, or poorly expressed or it is hyper-plastic
in prostatic tissue’. Many studies showed the results
of the PCA3 gene testing in men examined with a
prostate biopsy having a specific prostatic antigen
(PSA) exceeded 4ng/ml. Mainly, the diagnostic
companions of the PCA3 test, accounting 67% ana-
lytical sensitivity and the negative predictive value
(NPV), is about 90%. Many authors suggested that,
thanks to its NPV, the use of the PCA3 test could
make the biopsy useless if the PSA levels are slight-
ly high. Recently, a useful correlation between the
epigenetic profile of two genes HOXD3 and GSTPI,
in 408 patients at risk to prostate cancer, shown a
non-invasive tool for early diagnosis’. The aim of
this study is to demonstrate that GSTPI methylation
status should be used as a “liquid biopsy biomarker”
and it could be detected with early and simply in
urinary cells DNA.

PATIENTS AND METHODS

120 urine samples have been collected after Digi-
tal Rectal Examination (DRE). Samples belonged
to men showing a suspect prostatic pathology and,
therefore, a prostatic biopsy was suggested. All 120
patients were enrolled in this study. Men with a his-
tory of urothelial cancer were not included. Sam-
ples collection: venous blood was collected from
each patient for the PSA measurement; the DNA of
prostatic cells was obtained by urine centrifugation
(1300 rpm). The urine sediment (1 ml) was collected
through prostatic massage by DRE. The sediments
were frozen at -80°C until DNA and RNA isolation.
A total of 120 patients (average age: 65,5) with a not
well defined diagnosis, with PSA >4 ng/mL (aver-
age value: 9,33 ng/ml, SD 4-10 ng/ml), were evalu-
ated by Siemens Immulite 2000 system UK. They
have been examined PCA3 gene expression through
RNA extracted from prostatic liquid cells. PCA3
RNA was isolated according to Hologenic PCA3
assay Gene Probe USA protocol. In order to eval-
uate the GSTPI methylation status, the DNA was
isolated by “DNA-extract kit” in accordance with
Dia-Chem (Naples, Italy) protocol.

The PCA3/PSA score mRNA values have been
established using transcription-mediated amplifica-
tion. The PCA3/score is considered positive when
the value is >30 and negative when it is <30, as

shown by the manufacturer’s protocols.

Both bisulfite modification and methylation
Sensitivity- PCR (MS-PCR) were performed in
accordance with the manufacturer’s protocol (Dia-
Chem, Naples, Italy). The antigen prostate-specific
measurements of PCA3 and GSTPI were carried out
from December 2014 to October 2016 in the Clin-
ical Pathology and Molecular Biology Department
of the “San Giuseppe Moscato” Hospital (Avellino,
Italy).

STATISTICAL ANALYSIS

Mean + SD (standard deviation) values were calcu-
lated in all investigated parameters. Within the RA
patients and healthy controls, frequencies of differ-
ent polymorphisms investigated were calculated us-
ing the y>-test, using Software: Stata 13.1 Copyright
1985-2013 StataCorp (College Station, TX, USA).
The association between clinical laboratory markers
and SNPs screened were determined by analysis of
variance (ANOVA).

RESULTS

The PCA3/PSA mRNA values were established
using transcription-mediated amplification. The re-
sults were correlated with prostatic pathologies di-
agnosed through samples biopsy. 76 of 120 patients
(63,3%) showed a PCA3 greater than 30, and 94.0%
of these patients had serum PSA value greater than
4,0 ng /ml.

PCA3/PSA score lower than 30<30 showed an
hypo-expression in 44 cases. Of them, 20 BPH have
PSA 8,7 ng/mL (median value) and GSTPI meth-
ylated in 4/20; 10 PIA have PSA 7,4 ng/mL and
GSTPI1 methylated in 6/10; 8 PIN have PSA 5,0 ng/
mL and GSTP1 methylated in 6/8; 6 PC have PSA
6.0 ng/mL and GSTP1 methylated in 2/6 (Table 1).

Over-expression pf PCA3 was recorded in 76
samples (with a score higher than 30). Of them,
14 BPH have PSA 12.1 ng/mL (median value) and
GSTP1 methylated in 2/14; 11 PIA have PSA 9,6
ng/mL and GSTP1 methylated in 8/11; 19 PIN have
PSA 9.5 ng/mL and GSTP1 methylated in 18/19; 32
PC have PSA 16.3 ng/mL and GSTP1 methylated in
4/32 (Table 2).

Unlikely, this results is not discriminatory be-
tween patients with PC and BHP, PIA, PIN. The
epigenetic status of GSTP1 samples is statistically
significant in PC patients who have a PCA3 score
>30: methylated 12.5% and unmethylated 87.5%
(»p=0.00043). Similarly, in BPH subjects methylated
were 14.3% - 20.0% and unmethylated 85.7% - 80.0
% (p=0.00083 and 0.00043) in PCA3 score >30 and
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TABLE 1. Correlation between GSTP1 methylation status and PSA values on 44 cases with “PCA3 score” lower than 30.

PCA3 PSA average GSTP1 methylation status
Score <30 value ng/mL

N=44 Methylated (%) Unmethylated (%) P

BPH (20) 8.7 4 (20.0) 16 (80.0) 0.00083

PIA (10) 7.4 6 (60.0) 4 (40.0) >0.05

PIN (8) 5.0 6 (75.0) 2(25.0) >0.05

PC (6) 6.0 2(33.3) 4(66.7) >0.05
Total 18 (40.9) 26 (59.1) >0.05

Abbreviations: BPH: Benign Prostatic Hyperplasia; PIA: Prostatic Inflammation Atrophy; PIN: Prostatic Intraepithelial Neo-

plasia.

<30, respectively. In PIA GSTP1 is methylated at
72.7%, but this cohort of sample is few. In PIN we
detect GSTP1 hypermethylation in 18/19 cases; this
feature is a promise biomarker for discrimination
between BPH, PIA and PC in patients with PCA3
score higher than 30. The PSA value is not signifi-
cant for PC, PIN and PIA while in BPH is significant
at 80%. The PCA3 score in the prostatic cells has a
confirmed over-expression resulting in a positive bi-
opsy result. GSTP1’s methylation is correlated with
carcinogenesis process and, more specifically with
PC, due to its role in cellular cycle regulation.

DISCUSSION

Evaluation of the methylation status of the GSTP1
gene may be cost-effectiveness and could be used
extensively for cancer prevention. Recent progress
has provided extraordinary opportunities to identi-
fy prognostic and predictive markers of efficacy to
chemotherapy. Genetic markers can be used to iden-
tify patients who will benefit from therapy, exclude
patients at high risk to develop severe toxicity, and
adjust dosing 8.

Furthermore, trials evaluating the economic im-
pact of epigenetic testing in cancer prevention are
still low®. Furthermore, the major issues to consider

for the clinical laboratories (who are responsible for
providing epigenetic services) are: i) the availability
of FDA-cleared guidelines; ii) the current absence of
public reimbursement; iii) the need for genotyping
accuracy and choice of eligible methods; and iv) the
need to find clinical expertise to interpret laboratory
data results'’. However, there exist a persistent deri-
sory known in of education of both the physicians
regarding epigenetics test. The current knowledge
of healthcare professionals regarding epigenetics is
still low, and school curricula are only slowly in-
cluding the teaching of this subject in their cours-
es. Epigenetic knowledge is rapidly developing and
changing, and it is imperative that healthcare pro-
fessionals keep abreast of the advances and clinical
indications, especially in so-called frail patients''.
Moreover, epigenetics testing, currently available in
several assay kits, may support clinicians to identify
patients who are less likely to benefit from expensive
drugs, which are susceptible to severe treatment-re-
lated toxicities at standard doses, and also reduce
the delay of the patient receiving the correct antiox-
idant supplements'. Finally, several issues to assess
the quality of cost-effectiveness in cancer therapy
managements have become available. An import-
ant example is the National Institute for Health and
Clinical Excellence (NICE). NICE forms a diverse
clinical advisory committee, which stimulates Phar-

TABLE 2. Correlation between GSTP1 methylation status and PSA values on 44 cases with “PCA3 score” higher than 30.

PCA3 PSA average GSTP1 methylation status
Score <30 value ng/mL
N=44 Methylated (%) Unmethylated (%) P
BPH (14) 12.1 2(14.3) 12 (85.7) 0.0032
PIA (11) 9.6 8(72.7) 3(27.3) 0.055
PIN (19) 9.5 18 (94.7) 1 (5.3%) 0.00012
PC (32) 16.3 4(12.5) 28 (87.5) 0.00043
Total 32 (42.1) 44 (57.9) >0.05

Abbreviations: BPH: Benign Prostatic Hyperplasia; PIA: Prostatic Inflammation Atrophy; PIN: Prostatic Intraepithelial Neo-

plasia.



WWorld Cancer esearch Journal

ma and Academic communities to produce a robust
set of data, including the design and data source,
for economic models of personalized healthcare®.
It is well known that molecular genetics counseling
performed before selected cancer treatment, pro-
vide lower overall medical costs and higher quality
of life. NICE, also provides a method for measuring
Quality-Adjusted Life-Years (QALY); methods that
combine heterogenic information on outcomes, an-
alytical, and cost-effectiveness for each treatment'.

There is an increasing interest in the urinary bio-
markers’ research with specific PCR techniques for
prostatic pathologies'. The PCA3 score has been the
first test to be commercialized; it has been suggest-
ed for patients with high PSA or with an increasing
PSA. Anyhow it has still to be evaluated as active
surveillance as well as described above'®. Our study
shows that the prostatic urinary cells of the PCA3
have a higher specificity to detect early PC than the
serum value of PSA. The results were correlated
with prostatic pathologies diagnosed through sam-
ples biopsy. In the routine diagnostic activity we re-
corded 76 of 120 patients (63,3%) showed a PCA3
greater than 30; 24.3% of them in PC at diagnosis
and had serum PSA value greater than 16,3 ng/
mL. Noteworthy, the PC patients with lower score
<30 have 1 fold the unmethylated case related to
methylated GSTPI. Instead, in PC patients carrying
higher PCA3 score the unmethylated case is 7-fold
higher than methylated. The GSTPI methylation is
extremely expressed in the basal cell layer, in the
luminal cells and prostatic intraepithelial neoplasm
(PIN). In our study we detect GSTP1 hypermethyla-
tion in 18/19 PIN cases; this feature is a promise bio-
marker for discrimination between BPH, PIA and
PC in patients with PCA3 score higher than 30. In
conclusion, GSTPI’s methylation is correlated with
carcinogenesis process and, more specifically with
PC, due to its role in cellular cycle regulation.

CONCLUSIONS

GSTPI represents a typical example of an ideal epi-
genetic biomarker, as its methylation is involved in
a number of diseases, especially in PCa. Finally, we
assert that GSTPI can be used as a “liquid biopsy bio-
marker” and could be detected with good results in
circulating cell-free DNA and urinary DNA. For PCa
early diagnosis, it has many good features that make
it suitable for clinical application. However, further
multicentric, large, prospective studies are needed to
validate this assay and apply it in clinical practice.

We believe that the right way to face these chal-
lenges is based on a multidisciplinary treatment
approach and to rationalize the costs of these treat-
ments due to aimed-interventions.
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