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Abstract To correlate the molecular data to the clinicopatho-
logical parameters in Bulgarian prostate cancer patients. PCA3
overexpression, TMPRSS2-ERG gene fusion,GSTP1 promoter
hypermethylation, somatic mutations in the AR gene and the
IVS1-27G > A polymorphism in the KLF6 gene were studied.
A total of 148 patients were analyzed: 16 aggressive PCa, 83
non-aggressive PCa, 25 BPH and 24 chronic inflammatory
diseases. Real-time RT-PCR, DNA sequencing, and bisulfite
conversion of DNA, were applied. All cases with aggressive
PCa before treatment were tested positive for PCA3 overex-
pression, expression of a T2-ERG gene fusion product and
GSTP1 promoter hypermethylation. No somatic mutations
were detected in the AR gene and all patients showed normal
KLF6-IVS1-27G > A genotype. The TMPRSS2-ERG positive
status correlates with moderate to poorly differentiated prostate

tumors and it is considered as unfavorable disease predictor.
PositiveGSTP1 promoter hypermethylation seems to be highly
specific and the earliest epigenetic change in the prostate gland,
which indicates the beginning of the pathological process. The
appearance of positive molecular markers in blood was consid-
ered as a predictor of PCa dissemination. GSTP1 promoter
hypermethylation was found as the earliest and a long-lasting
epigenetic marker in blood samples of PCa patients, which
makes it suitable as a marker for treatment follow-up. The mo-
lecular profile of prostate cancer needs to be strictly monitored
during the course of disease treatment, which is of a great help
in determining the patient’s individual therapy response.
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Introduction

PCa is a common neoplasm and increasingly prevalent cause of
cancer death among men. The molecular mechanisms underly-
ing its clinicopathological behaviour and progression remain
poorly understood. PCa is a heterogeneous disease that can be
indolent for decades in some patients, or can be life-threatening
and lethal in a short time in others. The conventional approach
nowadays, including serum PSA screening, Gleason grading,
TNM staging is not sufficient to select PCa affected men whose
tumours are characterized by androgen independence and re-
quire immediate alternative therapy, from those that would suf-
fice with vigilant clinical observation [1]. There is an urgent
need for molecular markers with high PCa specificity to be
introduced in the clinical practice for molecular subtyping of
patients with aggressive, androgen-refractory disease and for
monitoring of the metastatic spread of tumor cells.

The most promising recently described genetic markers
with benefits in PCa molecular subtyping are epigenetic fluc-
tuations (e.g., GSTP1 promoter hypermethylation), gene fu-
sions (e.g., TMPRSS2-ERG gene fusion), and mRNA alter-
ations (e.g., PCA3 overexpression).

Here we report 148 Bulgarian patients affected by different
prostatic pathologies, including PCa, aiming to correlate their
molecular profile to the clinicopathological data. In the sub-
group of differentiated aggressive PCa, somatic mutations in
the AR gene and IVS1-27G > A polymorphism in the KLF6
gene were additionally studied.

Materials and Methods

Patients and Samples The study group consisted of 148 spo-
radic patients affected by different prostate pathologies that
can be divided in four groups: 16 aggressive PCa, 83 nonag-
gressive PCa, 25 BPH and 24 chronic inflammatory disease of
the prostate gland. All patients were selected on the basis of
their elevated serum PSA levels >3 ng/mL and abnormal
DRE. The patients’ age varied between 37 and 87 years (mean
age of 66). Eighteen fresh-frozen prostate tissues (13 from
prostatectomy and 5 from adenomectomy), 98 Btru-cut^ biop-
sies, 31 TURP, 13 urine and 88 blood samples were collected
in the urological outpatient clinic. For histological examina-
tion, 8–12 cores were taken from the suspected zones of the
prostate gland, following the World guidelines instructions
[2]. For molecular testing, 1 or 2 additional prostatic cores
were taken predominantly from the peripheral prostatic zone.
The latest cores were used freshly, without fixation for the
purpose of RNA extraction.

The patients signed informed consent for genetic testing.

RNA and DNA Extraction Total RNAwas extracted using the
TRIzol reagent (Ambion, US). Total DNAwas extracted using

the AmpliSens DNA isolation kit (Ecoli s.r.o, Slovak
Republic).

PCA3 expression levels were measured by reverse tran-
scription (Thermo Scientific Revert Aid First Strand cDNA
Synthesis Kit, Lithuania) and real time PCR analysis with
Universal Master Mix (Applied Biosystems, Foster City,
CA), using previously published primers [3].

TMPRSS2-ERG gene fusions T2-F1/ERG-R4; T2-F1/
ERG-R6; T2-F/ERG-R and T2-F2/ERG-R2 were studied by
RT-PCR analysis [4] and direct sequencing of the obtained
PCR products (BigDye Terminator Cycle Sequencing kit
v.3.1, Applied Biosystems, Foster city, CA).

The GSTP1 promoter hypermethylation was assessed by
bisulfite conversion of DNA (Zymo research, EZ DNA
Methylation TM Kit, USA), followed by methylation sensi-
tive PCR [5].

AR gene mutations and IVS1-27G > A polymorphisms
were analyzed by direct sequencing of PCR products of the
AR coding region or the KLF6 region of interest, respectively.

Pathological examination was performed on hematoxylin-
eosin-stained sections from formalin-fixed paraffin embedded
prostate tissues. Sections were graded according to the GS
system.

Results

The clinical, histological and molecular findings for the aggres-
sive and indolent PCa subgroups are provided in Tables 1 and 2,
respectively.

I. Aggressive PCa (16 patients): Histological and clinical
results in this group of patients showed an aggressive sub-
type of PCa, as perivascular and perineural infiltration
(Fig. 1a, b) and metastases in cranial and skeletal bones
were found. This group was additionally split in two sub-
groups: 11 patients with CRPC tumors (Table 1, #1–11)
and five patients with androgen-dependent PCa, poor
prognosis and risk for biochemical recurrences (Table 1,
#12–16). All but two patients from this group (for #9 and
#10 no tissue was available for analysis) showed PCA3
overexpression, by means of real-time qPCR. For patients
#9 and #10, urine samples (post-ADT) were PCA3 nega-
tive. Elevated PCA3was also found in four blood samples
(Table 1 #1, 2, 3 and 16).

Expression analysis of TMPRSS2:ERG gene fusion
products revealed only one type of fusion transcript:
TMPRSS2 exon 1 fused to ERG exon 4 (Fig. 2a). A SNP
c.51G > A, p.Ser17Ser was detected by sequencing in one
patient (Fig. 2a). Т2ex1-ERGex4 positive fusion status
was found in all tissue samples in the aggressive subgroup.
Again, positive results were obtained in patients tested

970 A. Tsvetkova et al.



T
ab

le
1

O
ve
rv
ie
w
of

m
ol
ec
ul
ar

pr
of
ile

an
d
cl
in
ic
op
at
ho
lo
gi
ca
lp

ar
am

et
er
s
in

16
B
ul
ga
ri
an

pr
os
ta
tic

ad
en
oc
ar
ci
no
m
a
pa
tie
nt
s,
fo
rm

in
g
an

ag
gr
es
si
ve

P
C
a
su
bg
ro
up

P
at
ie
nt

S
er
um

PS
A

ng
/m

L
G
le
as
on

gr
ad
e

in
bi
op
si
es

A
dd
iti
on
al
cl
in
ic
op
at
ho
lo
gi
ca
l

pa
ra
m
et
er
s

TM
P
R
SS
2-

E
G
R
fu
si
on

tr
an
sc
ri
pt
sa

T
um

or
st
ag
in
g

(T
N
M
)

P
C
A
3
ex
pr
es
si
on

G
ST

P
1
pr
om

ot
er

hy
pe
r-
m
et
hy
la
tio

n
A
R

IV
S1

-2
7G

>
A

F
lo
w
of

P
C
a
sp
ec
if
ic

m
ar
ke
rs
in

bl
oo
d

ci
rc
ul
at
io
n

1
12
6

4
+
3
=
7

Pe
ri
ne
ur
al
in
fi
ltr
at
io
n

1
→

4
pT

2a
N
xM

xG
2

O
ve
re
xp
re
ss
io
n

Po
si
tiv

e
N
o
so
m
at
ic

m
ut
at
io
n

N
or
m
al

ge
no
ty
pe

P
C
A
3
ov
er
ex
pr
es
si
on
,

T
2e
x.
1-
E
R
G
ex
.4
,

G
ST

P
1
pr
om

ot
er

hy
pe
r-
m
et
hy
la
tio

n

2
11
1

/2
+
3/
=
5
le
ft

lo
be

/4
+
3/
=
7

ri
gh
tl
ob
e

Pe
ri
ne
ur
al
in
fi
ltr
at
io
n,

ex
tr
ap
ro
st
at
ic
ex
te
ns
io
n

1
→

4
M
ul
tip

le
bo
ne

m
et
as
ta
se
s

O
ve
re
xp
re
ss
io
n

Po
si
tiv

e
N
o
so
m
at
ic

m
ut
at
io
n

N
or
m
al

ge
no
ty
pe

P
C
A
3
ov
er
ex
pr
es
si
on

G
ST

P
1
pr
om

ot
er

hy
pe
r-
m
et
hy
la
tio

n

3
99

/4
+
3/
=
7
le
ft

lo
be

/2
+
3/
=
5

ri
gh
tl
ob
e

Pe
ri
ne
ur
al
in
fi
ltr
at
io
n,

ex
tr
ap
ro
st
at
ic
ex
te
ns
io
n

1
→

4
M
ul
tip

le
bo
ne

m
et
as
ta
se
s

O
ve
re
xp
re
ss
io
n

Po
si
tiv

e
N
o
so
m
at
ic

m
ut
at
io
n

P
C
A
3
ov
er
ex
pr
es
si
on

G
ST

P
1
pr
om

ot
er

hy
pe
r-
m
et
hy
la
tio

n

4
11
5

/2
+
3/
=
5
le
ft

lo
be

/4
+
3/
=
7

ri
gh
tl
ob
e

Pe
ri
ne
ur
al
an
d
pe
ri
va
sc
ul
ar

in
fi
ltr
at
io
n
ca
ps
ul
ar

in
va
si
on

1
→

4
–

O
ve
re
xp
re
ss
io
n

Po
si
tiv

e
N
o
so
m
at
ic

m
ut
at
io
n

N
or
m
al

ge
no
ty
pe

G
ST

P
1
pr
om

ot
er

hy
pe
r-
m
et
hy
la
tio

n

5
13
0

/4
+
5/
=
9

Pe
ri
ne
ur
al
an
d
pe
ri
va
sc
ul
ar

in
fi
ltr
at
io
n
ex
tr
ap
ro
st
at
ic

ex
te
ns
io
n

1
→

4
pT

3b
N
xM

x
O
ve
re
xp
re
ss
io
n

Po
si
tiv

e
N
o
so
m
at
ic

m
ut
at
io
n

G
ST

P
1
pr
om

ot
er

hy
pe
r-
m
et
hy
la
tio

n

6
80

/4
+
4/
=
8

Pe
ri
ne
ur
al
an
d
pe
ri
va
sc
ul
ar

in
fi
ltr
at
io
n
ex
tr
ap
ro
st
at
ic

ex
te
ns
io
n

1
→

4
pT

4
N
xM

x
O
ve
re
xp
re
ss
io
n

Po
si
tiv

e
N
o
so
m
at
ic

m
ut
at
io
n

N
or
m
al

ge
no
ty
pe

G
ST

P
1
pr
om

ot
er

hy
pe
r-
m
et
hy
la
tio

n

7
10
6

/4
+
5/
=
9

A
ng
io
ly
m
ph
at
ic
in
va
si
on

ex
tr
ap
ro
st
at
ic
ex
te
ns
io
n

1
→

4
–

O
ve
re
xp
re
s s
io
n

Po
si
tiv

e
N
o
so
m
at
ic

m
ut
at
io
n

T
2e
x.
1-
E
R
G
ex
.4
,

G
ST

P
1
pr
om

ot
er

hy
pe
r-
m
et
hy
la
tio

n

8
11
0

/4
+
4/
=
8

Pe
ri
ne
ur
al
in
fi
ltr
at
io
n,

ex
tr
ap
ro
st
at
ic
ex
te
ns
io
n;

ly
m
ph
on
od
al
in
va
si
on

P
C
a-
re
la
te
d
de
at
h

1
→

4
pT

4
O
ve
re
xp
re
ss
io
n

Po
si
tiv

e
N
o
so
m
at
ic

m
ut
at
io
n

N
or
m
al

ge
no
ty
pe

G
ST

P
1
pr
om

ot
er

hy
pe
r-
m
et
hy
la
tio

n

9
11
0

/4
+
4/
=
8

D
uc
ta
li
nv
as
iv
e
pr
os
ta
te

ad
en
oc
ar
ci
no
m
a,

ex
tr
ap
ro
st
at
ic
ex
te
ns
io
n;

ly
m
ph
on
od
al
in
va
si
on

P
C
a-
re
la
te
d
de
at
h

N
.D
.b

M
ul
tip

le
bo
ne

m
et
as
ta
se
s

O
ve
re
xp
re
ss
io
n

Po
si
tiv

e
N
o
so
m
at
ic

m
ut
at
io
n

G
ST

P
1
pr
om

ot
er

hy
pe
r-
m
et
hy
la
tio

n

10
57

/4
+
5/
=
9

Pe
ri
ne
ur
al
in
fi
ltr
at
io
n

N
.D
.b

–
O
ve
re
xp
re
ss
io
n

Po
si
tiv

e
N
o
so
m
at
ic

m
ut
at
io
n

N
or
m
al

ge
no
ty
pe

G
ST

P
1
pr
om

ot
er

hy
pe
r-
m
et
hy
la
tio

n

11
67

/2
+
4/
=
6

Pe
ri
ne
ur
al
in
fi
ltr
at
io
n

1
→

4
G
1p
T
2b
N
0

(0
/6
)
M
xV

n.
O
ve
re
xp
re
ss
io
n

Po
si
tiv

e
N
o
so
m
at
ic

m
ut
at
io
n

G
ST

P
1
pr
om

ot
er

hy
pe
r-
m
et
hy
la
tio

n

12
73

/2
+
2/
=
4

Pe
ri
ne
ur
al
in
fi
ltr
at
io
n

1
→

4
–

O
ve
re
xp
re
ss
io
n

Po
si
tiv

e
N
o
so
m
at
ic

m
ut
at
io
n

N
or
m
al

ge
no
ty
pe

G
ST

P
1
pr
om

ot
er

hy
pe
r-
m
et
hy
la
tio

n

13
99

/4
+
5/
=
9

Pe
ri
ne
ur
al
in
fi
ltr
at
io
n,

ex
tr
ap
ro
st
at
ic
ex
te
ns
io
n

1
→

4
pT

4
O
ve
re
xp
re
ss
io
n

Po
si
tiv

e
N
o
so
m
at
ic

m
ut
at
io
n

G
ST

P
1
pr
om

ot
er

hy
pe
r-
m
et
hy
la
tio

n

Molecular subtyping 971



before ADT; the patients #9 and #10, tested after treat-
ment, showed a negative fusion profile in urine. The pos-
itive fusion profile in blood was obtained only in three
patients (Table 1 #1, 7 and 16).

Hypermethylation of the GSTP1 gene promoter was
found in all patients and in all samples tested, including
blood (Fig. 2b and Tables 1 and 2).

One blood sample (Table 1 #1) was found to be triple
positive for PCA3, GSTP1 and T2ex1-ERGex4.

In the whole group of 16 patients with aggressive PCa,
no somatic mutations were detected in the AR gene.

The IVS1-27G > A polymorphic variant in the KLF6
gene showed normal genotype in all patients analyzed.

II. Nonaggressive (indolent) PCa (83 patients): The PCA3
overexpression was detected in 75 patients from the group
(75/83=90.4 %). The rest of PCA3 negative patients
showed PSA levels in the range between 3.0 and 10.0
and GS 4–6 tumors.

All but one patient lacked expression of the
TMPRSS2ex1-ERGex4 fusion transcript. The fusion posi-
tive patient had a GS 2+2=4 tumor.

The GSTP1 promoter hypermethylation was found to
be positive in 100 % of nonaggressive PCa probands.

III. BPH (25 individuals): No positive PCA3 expression was
detected in BPH patients. All patients also were negative
for the TMPRSS2-ERG gene fusions. In nine out of 25
BPH patients (36 %) GSTP1 promoter hypermethylation
was detected, most probably due to additional pathologi-
cal alterations, such as PIN and cystic changes in the pros-
tate gland.

IV. Chronic inflammatory disease of the prostate gland (24
cases): No PCA3 expression and no TMPRSS2-ERG gene
fusions were found in this group of patients. Eleven pa-
tients (11/24=45.8%) showedGSTP1 promoter hyperme-
thylation. In these patients also the presence of PIA was
demonstrated. The rest 13 GSTP1 negative patients were
PIA free.

Discussion

Linkage-studies (based on multiple case families) and GWAS
suggest that predisposition to PCa may be mediated through
multiple polymorphic alleles or mutations in genes with low
penetrance. The experimental data confirms that the mecha-
nism contributing to prostate cancer development will be rath-
er regulatory than coding [6, 7].

Numerous molecular abnormalities have been described in
association with PCa carcinogenesis. Most promising genetic
alterations involved in disease progression, metastatic and
androgen-refractory PCa are the occurrence of gene fusions,
mRNA expression level alterations and epigenetic
modifications.T
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PSA is well- established as a biochemical marker of choice
in PCa diagnosis and prognosis, but its accuracy and specific-
ity are often limited [8–16].

The application of more predicative markers in the clinical
practice, able to assist and improve PCa early detection and
prognosis, is extremely needed.

Here we report molecular profile in 148 patients affected by
different prostate pathologies in association to clinicopatho-
logical findings.

Aggressive PCa All probands in this group, tested before
ADT were found to be positive for PCA3 overexpression,
T2ex1-ERGex4 fusion and GSTP1 promoter hypermethyla-
tion. The T2-F1/ERG-R4 fusion was predominantly detected
in patients with higher GS 7, 8 and 9, as previously reported
[17–20] and only in one patient with a GS 6 tumor, typically
associated with better prognosis. An association between the
detected T2-F1/ERG-R4 fusion profile and the higher tumor
stage (assessed by TNM as T3 and T4) was noticed, whereas
in T2 tumor stage such an association was not found. The
detected SNP, 31 nucleotides apart from the T2-ERG fusion
point, which falls in exon 2 of the ERG gene, has an uncertain
contribution to the PCa predisposition or clinical behaviour,
but considering the extremely polygenic and heterogeneous
PCa nature it is worth mentioning.

With respect to theGSTP1 promoter hypermethylation, most
probably this is the earliest epigenetic alteration indicating the
presence of (pre)cancerous cells in the prostate. The detection of
GSTP1 hypermethylation in blood samples of PCa patients
makes it a suitable marker for treatment follow-up. Actually,
patient #1 (having the triple positive blood sample before treat-
ment) was subjected to ADT with Docetaxel and after 1 year
follow-up the blood sample was found to be positive only for
GSTP1 promoter hypermethylation. This finding was
interpreted as a good therapy response, which coincides with
the result from the clinical exams. On the contrary, in patient
#16 we obtained the samemolecular result, but it was associated
with poor clinic-histological prognosis and PCa-related death.

No somatic AR gene mutations were detected neither in the
Bulgarian CRPC patients, nor in the rest of the aggressive
subgroup, which supported the hypothesis that AR gene mu-
tations were comparatively rare in PCa and CRPC [21], re-
gardless of the expected inducible effect from the supplied
ADT (Taxotere (Docetaxel), Xgeva (Denosumab), Zytiga
(Abiraterone Acetate) + Deltasone (Prednisone), Zometa
(Zoledronic acid), etc.).

The detected normal genotypes for the IVS1-27G > A
polymorphism in the KLF6 gene contradict to the previously
published data for its higher frequency in aggressive prostate
cancer [22, 23].

Table 2 Molecular and clinicopathological data of patients with primary/indolent PCa

Clinicopathological
parameters

Number of cases TMPRSS2ex1-ERGex4
fusion

PCA3 overexpression GSTP1 promoter
hypermethylation

PSA ng/mL N=83

0.0–3.0 0 (83) 0 % – – –

3.0–10.0 43 (83) N.D. 35 (83)a 43 (83)

10.1–20 13 (83) N.D. 13 (83) 13 (83)

20.1–85.0 27 (83) N.D. 27 (83) 27 (83)

Gleason score

/4–6/ 51 1 (51)b 43 (51)a 51 (51)

/7/ 21 N.D. 21 (21) 21 (21)

/8–9/ 11 N.D. 11 (11) 11 (11)

Pathologic stage 66 19(19) 19(19)

Local/
Organ confined

(pT2a)19
(pT2b)8

N.D. 8(8) 8(8)

Regional/
Extracapsular extension

14
(pT3a)5
(pT3b)3

N.D. 5(5)
3(3)

5(5)
3(3)

Distant/Seminal vesical
extension

3 N.D. 3 (3) 3 (3)

Remarks – TMPRSS2ex1-ERGex4
fusion transcript was
found in 1 (83) samples.
0.83 %

PCA3 overexpressed levels
were detected in 75 (83)
PCa samples. 90,361 %

GSTP1 promoter hypermethylation
was detectable in 83 (83)
PCa samples. 100 %

N.D Not detectable
a 8 samples showed PSA value within the range of 3.0–10.0 and Gl. score range /4–6/ and did not show PCA3 expression
b TMPRSS2ex1-ERGex4 fusion transcript was the only one, detected in Btru-cut^ biopsy from the patient with Gl.grade /2+2=4/
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Indolent PCa Group Most of the patients in this group
were with primary low risk PCa, predominantly organ-
con f i n ed and i n qu i t e i n i t i a l d i s e a s e pha s e
(precarcinogenic). Five patients were diagnosed as pri-
mary PCa only by means of the obtained molecular
profile, regardless of the negative biopsy results. Few
months later, the diagnosis primary PCa in these five
patients was histologically confirmed.

The detected TMPRSS2ex1-ERGex4 fusion in a patient
with a GS 4 tumor shows that Gleason grading could not be
considered as the most important prognostic parameter. It is
reasonable to be interpreted simultaneously with additional
histological and molecular findings.

The positive GSTP1 promoter hypermethylation seems to
be highly specific marker, indicating early changes in the
prostate gland.

In the groups of BPH and chronic inflammatory diseases of
the prostate gland most of the molecular markers were tested
negative, as published before [13, 24]. Only the GSTP1 pro-
moter hypermethylation was detected in 36 % of the BPH and
in 45.8 % of the inflammatory disease group. The GSTP1
positive patients showed PIN type III and cystic changes in
the prostate gland or PIA. Similar findings have been reported
for >70 % of cases with PIN or PIA, and these are now con-
sidered as precancerous lesions [25, 26].

In conclusion, the combined molecular examination of
PCA3 overexpression, GSTP1 promoter hypermethylation
and TMPRSS2-ERG gene fusions, was recommended for bet-
ter diagnostics and management of the Bulgarian PCa pa-
tients. The positive GSTP1 promoter hypermethylation seems
to be highly specific and the earliest epigenetic change in the
prostate gland, which indicates the beginning of the

Fig. 1 a Presence of prostate tumor cells in lymph clefts, moderately-differentiated tumor. b Histological H&E stained section of PCa; GS 4+3=7,
moderately-differentiated tumor. Arrows indicate the presence of perivascular tumor infiltrates; tumor nests and arterial vessels
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pathological process. The appearance of positive molecular
markers in blood (PCA3 expression, T2-F1/ERG-R4 gene fu-
sion and GSTP1 hypermethylation) was considered as a pre-
dictor of PCa dissemination, which coincides with the
clinicohistological findings. Again, GSTP1 promoter hyper-
methylation was determined as the earliest and as a long-
lasting epigenetic marker detectable in blood, which makes
it suitable for treatment follow-up.

The results from the molecular testing should be interpreted
in the light of the clinic-histological data. Positive molecular
status could help differentiating invasive and life-threatening
subtypes of PCa. The obtained molecular profile in different
samples of a single patient before and during the course of
treatment is important for the strict monitoring, for choosing

adequate treatment and for follow-up of the patient’s response
to therapy.
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