
Purpose: Metastatic prostate cancer (PCa) is one of the lead-
ing causes of death in men worldwide. We report Bulgarian 
patients with strongly aggressive, castration-resistant PCa. 

Methods: PCA3 overexpression, GSTP1 promoter hyper-
methylation, TMPRSS2-ERG gene fusions, IVS1-27G>A in 
the KLF6 gene and mutations in androgen receptor (AR) 
gene, for diagnostic purposes were assessed. PCR, real-time 
PCR (RT-PCR), sequencing, and bisulfite conversion of 
DNA were applied. We correlated the molecular data to the 
histological and clinical findings. 

Results: The obtained molecular profile in 11 PCa Bulgar-
ian patients coincided with the clinico-histological data of 
strongly aggressive PCa. Association was detected between 
the tumor stage (assessed by TNM as T3 and T4) and the 
detected molecular profile of aggressive cancer behavior 
with one exception, assessed as T2. None of our patients 
had positive family history of prostate cancer and no so-

matic mutations were detected in the AR gene. All patients 
showed normal genotype with respect to the KLF6 IVS1-
27G>A polymorphism. The rest of the markers were posi-
tive in fresh prostatic tissues and biopsies from all patients, 
whereas only one blood sample showed triple positive result.

Conclusions: The appearance of PCa-specific markers in 
blood was considered as a predictor for a PCa (micro) dis-
semination into the circulation. The GSTP1 promoter hy-
permethylation is the earliest epigenetic alteration, which 
indicates cancerous changes and the first and long-lasting 
marker that is detectable in blood circulation. The molecu-
lar profile needs to be strictly monitored during treatment, 
which is of great help in determining the patient’s individu-
al  response to therapy.
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PCa is the most commonly diagnosed malig-
nancy and a leading cause of cancer-related death 
among men in Western countries. PCa is a clini-
cally highly heterogeneous disease with features 
ranging from typical indolent disease, which re-
mains relatively insignificant to a patient’s health, 
to rapid and often fatal progression. Clinicopatho-
logical parameters including serum PSA, Gleason 
score and tumor stage are not sufficient to dis-
tinguish PCa-affected men who require immedi-

ate and aggressive therapy from those who need 
clinical follow-up [1]. For this reason, there is an 
urgent need to find and to introduce into the clini-
cal practice new markers with improved PCa spec-
ificity, both being able to identify patients with an 
early onset and aggressive disease progression, to 
determine disease prognosis and individual treat-
ment.

Most promising, recently described, genetic 
markers with benefits in PCa molecular subtyping 

JBUON 2015; 20(2): 498-504
ISSN: 1107-0625, online ISSN: 2241-6293 • www.jbuon.com
E-mail: editorial_office@jbuon.com

ORIGINAL ARTICLE



Molecular and clinicohistological data in prostate cancer 499

JBUON 2015; 20(2): 499

are gene fusions, mRNA alterations and epige-
netic fluctuations. The clinical heterogeneity and 
marked variability of disease progression among 
the affected individuals makes the experimental 
data from studies of patient’s collections signifi-
cant.

Herein we report 11 Bulgarian patients with 
strongly aggressive PCa behavior and our aim 
was to develop better cancer diagnostics and 
management of such patients. Therefore, we cor-
related the molecular data from PCA3 expression, 
TMPRSS2:ERG gene fusions, GSTP1 promoter 
hypermethylation, IVS1-27G>A polymorphism 
in KLF6 gene, mutations in AR gene to the clini-
co-histological findings. 

Methods

Patients and samples 

Eleven patients were selected on the base of their 
extremely aggressive PCa behavior, serum PSA lev-
els >3 ng/mL and abnormal digital rectal examination 
(DRE). Prostate fresh tissues, “tru-cut” biopsies, urine 
and blood samples were collected in the urological out-
patient clinic. The patients signed informed consent for 
genetic testing.

RNA and DNA extraction 

Total RNA was extracted using the TRIzol reagent 
(Ambion, US). Total DNA was extracted using the Am-
pliSens DNA isolation kit (Ecoli s.r.o, Slovak Republic). 

PCA3 expression

PCA3 expression levels were measured by reverse 
transcription (Thermo Scientific Revert Aid First Strand 
cDNA Synthesis Kit, Lithuania) and real time (RT) PCR 
analysis with Universal Master Mix (Applied Biosys-
tems, Foster City, CA), using the primers, previously 
published [2].

TMPRSS2-ERG gene fusions

T2-F1/ERG-R4; T2-F1/ERG-R6; T2-F/ERG-R and 
T2-F2/ERG-R2 were studied by reverse transcription 
PCR analysis [3] and direct sequencing of the obtained 
PCR products (BigDye Terminator Cycle Sequencing 
kit v.3.1, Applied Biosystems,  Foster city, CA). 

GSTP1 promoter hypermethylation

This was assessed by bisulfite conversion of DNA 
(Zymo research, EZ DNA Methylation TM Kit, USA), 
followed by PCR [4].

AR gene

The AR gene was PCR-amplified, and PCR products 

were analyzed by direct sequencing. 

IVS1-27G>A polymorphism in KLF6 gene 

This polymorphism was sequenced (see above).

Pathological examination

Pathological examination was performed on he-
matoxylin-eosin-stained sections from formalin-fixed 
paraffin embedded prostate tissues. Sections were grad-
ed by an experienced uropathologist (I.D.), according to 
the Gleason scoring system.

Results

Disease onset

The molecular and histological character-
istics of the 11 patients are shown in Table 1. 
The family history was negative in all 11 cases. 
In all cases PSA levels were elevated. In one of 
the patients (patient no.3, Table 1) dramatically 
high PSA levels (over 100 ng/mL) were detected 
by chance during the routine urological examina-
tion. The patient was referred for urological ex-
ams (DRE and TRUS). This patient was primarily 
negative for the classical PCa symptoms, which 
were well represented in the remaining 10 cases: 
difficulties in passing urine, splitting of urine’s 
stream, urinary incontinence, fatigue and drows-
iness and sexual dysfunction. For this reason the 
patient was considered as asymptomatic case of 
PCa. After specific urological exams all 11 pa-
tients showed abnormal DRE and TRUS findings, 
specific for PCa.

Histological data                                                                              

Some histological data are provided in Table 
1. The presented 11 PCa patients could be divided 
into 3 main groups according to their histological 
characteristics:

I. Group of moderately differentiated adenocar-
cinoma (patients no.1,3,4,5): The histological ex-
amination showed moderately-differentiated aci-
nar adenocarcinoma, Gleason score 7 or 5, with 
perivascular and perineural tumor infiltration. 
The percentage of cancerous infiltration in pa-
tients was estimated to be 60-90%.

The tumor stage in the patient no.1 was es-
timated as pT2a NxMxG2. In this case additional 
pathological alterations were found: adenomyo-
matous prostatic hyperplasia and cystic changes 
in the prostate gland, presence of prostatic can-
cer cells in lymph clefts, PIN III, PIA including 
chronic prostatitis (Figure 1).
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Table 1. Molecular and histological results in prostate cancer patients with strongly aggressive PCa behavior

Patient, 
No.

Age 
(years)

Serum 
PSA 
levels

(ng/mL)

Biological 
sample a

Histolog-
ical 

Gleason 
score

PCA3
expression

GSTP1 
promoter 

hyper-
methyla-

tion

TMPRSS2/
ERG fusionb AR Treatment TNM

1 70 126

Fresh 
prostatic 

tissue
4+3=7 Overexpression Positive Positive

No 
somatic 
muta-
tion

ADT
Taxotere 
(Doceta-

xel)

pT2a NxMxG2 

Blood 
sample

---- Overexpression Positive Positive ND

2 66 67

Fresh 
prostatic 

tissue
2+4=6 Overexpression Positive Positive

No 
somatic 
muta-
tion

ADT
Zytiga 

(Abirate-
rone

Acetate)
+ Deltaso-
ne (pred-
nisone)

G1pT2bN0(0/6)
MxVn. 

Blood 
sample

---- Negative Positive Negative ND

3 63 111

“Tru-cut” 
biopsy

2+3=5 
left lobe
4+3=7 

right lobe

Overexpression Positive Positive

No 
somatic 
muta-
tion

ADT
+Zometa 
(Zoledro-
nic acid)

multiple bone 
metastases

Blood 
sample

---- Overexpression Positive Negative ND

4 72 99

“Tru-cut” 
biopsy

4+3=7 
left lobe
2+3=5 

right lobe

Overexpression Positive Positive

No 
somatic 
muta-
tion

ADT
+Xgeva 

(Denosu-
mab)

multiple bone 
metastases

Blood 
sample

---- Overexpression Positive Negative ND

5 73 115

“Tru-cut” 
biopsy

2+3=5 
left lobe
4+3=7 

right lobe

Overexpression Positive Positive

No 
somatic 
muta-
tion

ADT ----

Blood 
sample

---- Negative Positive Negative ND

6 65 130

Fresh 
prostatic 

tissue
4+5=9 Overexpression Positive Positive

No 
somatic 
muta-
tion

ADT pT3bNxMx

Blood 
sample

---- Negative Positive Negative ND

7 62 80

Fresh 
prostatic 

tissue
4+4=8 Overexpression Positive Positive

No 
somatic 
muta-
tion

ADT pT4 NxMx

Blood 
sample

---- Negative Positive Negative ND

8 61 106

“Tru-cut” 
biopsy

4+5=9 Overexpression Positive Positive

No 
somatic 
muta-
tion

ADT
Zytiga(A-
biraterone 
Acetate) + 
Deltasone 
(predniso-

ne)

----

Blood 
sample

---- Negative Positive Negative ND

9 55 110

Urine
4+4=8 Negative Positive Negative

No 
somatic 
muta-
tion

ADT
Taxotere 
(Doce-
taxel), 
Xgeva 

(Denosu-
mab)+

Performed 
Orchiec-

tomy

multiple bone 
metastases

Blood 
sample

---- Negative Positive Negative ND

Continued on next page
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II. Group of poorly differentiated adenocarci-
noma (patients no.6,7,8,9,10,11): The histological 
examination showed a pattern of poorly-differen-
tiated adenocarcinoma (Gleason score 8 or 9) with 
perineural and/or perivascular infiltration.

The tumor stage in the patient no.6 was pT3b-
NxMx and pT4 NxMx in the patient no.7. In this 
patient focal infiltration and  penetration in the 
capsule, extracapsular cancerous extension and 
perineural invasion inside and outside of prostate 
gland in the presence of BPH and acute and chron-
ic prostatitis were observed. The seminal vesicles 
were not affected. The histological investigations 
of the patient no.9 showed ductal prostate adeno-
carcinoma, characterized with diffuse invasion in 
the periprostatic soft tissues and the seminal ves-
icles. The patient no.10 showed perineural inva-
sion and cancerous extension to the periprostatic 
adipose tissue.

III. Group of highly differentiated adenocarci-
noma (patient no.2): The histological examina-
tion showed highly-differentiated adenocarcino-
ma, which affected the entire left prostatic lobe 
(Gleason score 6). In this patient no tumor infiltra-
tion was detected in the surrounding soft tissues, 
seminal vesicles and lymph nodes, but a single 
focus of perineural infiltration in the surround-
ing periprostatic tissues was detected. The TNM 
stage was pT2bN0(0/6)MxVn.

Molecular data

In order to better clarify the molecular sub-
type of the PCa, the patients were subjected to 
molecular genetic tests. The following genetic 
markers were simultaneously examined: PCA3 
expression, expression of a TMPRSS2-ERG fusion 
transcript, the hypermethylation of the GSTP1 
gene promoter, KLF6 IVS1-27G>A polymorphism 

10 63 57

Urine
4+5=9 Negative Positive Negative

No 
somatic 
muta-
tion

ADT
Suprefact 

depot, 
Cypro-
terone 

(Andocur), 
Eligard 
(Leu-

prolide 
acetate)

----

Blood 
sample

---- Negative Positive Negative ND

11 87 73

“Tru-cut”
biopsy

4+4=8 Overexpression Positive Positive

No 
somatic 
muta-
tion

ADT
----

Blood 
sample

---- Negative Positive Positive ND

a The fresh prostatic tissue was obtained after prostatectomy.  
b Only the presence of one type of TMPRSS2/ERG gene fusion was determined in our group: TMPRSS2-exon1 /ERG-exon4.  ND: not determined

Figure 1. Histological image of prostate cancer (H&E staining x 40).  Presence of perivascular tumor infiltrates 
(arrows); tumor nests and arterial vessels. Gleason score 4+3=7, moderately differentiated tumor.
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and AR mutation profile. The obtained molecular 
data are provided in Table 1.

All but two patients (no.9 and 10) with ag-
gressive PCa were found to be positive for PCA3, 
as the levels were found to be drastically over-
expressed by means of RT-PCR. For two patients 
(no.9 and 10), no tissue was available for analysis, 
and PCA3 testing was performed on urine, which 
showed negative PCA3 expression profiles. It is in-
teresting to mention that in three cases (patients 
no.1,3,4) the PCA3 marker was overexpressed also 
in blood samples, which indicates prostatic tumor 
(micro) dissemination. 

GSTP1 gene promoter hypermethylation was 
positive in all patients and in all samples tested 
(data not shown).

The studied TMPRSS2:ERG gene fusions re-
vealed only one type of fusion transcript: TM-
PRSS2 exon 1 fused to ERG exon 4 (Figure 2). 
Again, positive results were obtained in patients 
tested before androgen deprivation therapy (ADT) 
and the last patients no.9 and 10 tested after treat-
ment showed negative fusion profile in the urine. 
Positive fusion profile in blood was obtained only 
in two patients (no.1 and 11). The blood sample 
of patient no.1 was also positive for PCA3 expres-
sion. The molecular data showed more advanced 
disease stage in these patients. 

In the patients with aggressive PCa no so-
matic mutations were detected in the AR gene, re-
gardless of the supplied ADT (Docetaxel, Zytiga/

Abiraterone acetate + prednisone, Cyproterone, 
etc). 

All our cases also showed normal genotype 
with respect to the IVS1-27G>A polymorphic var-
iant in the KLF6 gene. 

Based on the molecular examinations, all 11 
patients were classified as having PCa with pro-
nounced migration of prostatic tumor cells (mi-
crometastases) by means of observing specific 
PCa biomarkers in blood and the hormone-refrac-
tory cancer behavior, which suggests ADT and 
strict molecular and clinical follow-up.

Discussion

Predisposition to PCa is a result of the com-
bined effect of polymorphic variants and muta-
tions in genes with low penetrance. The findings 
from genome-wide association studies (GWAS) 
confirm that genetic predisposition to PCa is com-
plex and covers multiple susceptibility loci. The 
most significant associations are discovered in 
regulatory gene regions or in non-coding gene 
regions and rarely in coding gene regions. Exper-
imental data suggests that the mechanism con-
tributing to PCa development would be rather 
regulatory than coding [5,6]. None of our cases 
was with positive family history of PCa. Altered 
gene expression, epigenetic modifications (such 
as promoter hypermethylation), gene rearrange-
ments, and mRNA alterations are believed to play 

Figure 2. Sequencing profile of TMPRSS2ex1-ERGex4 fusion detected in fresh tissue of a Gleason score 7 pros-
tate tumor.
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an important role in deregulation of apoptosis and 
genetic misbalance in PCa. The need for new bio-
markers is determined by the fact that serum PSA is 
a poor marker, and markers to discriminate between 
indolent and aggressive tumors are lacking [7-13].  

The obtained molecular profile of the pre-
sented patients correlates with the clinical and 
histological data of aggressive, hormone-inde-
pendent behavior during the period of treatment. 
Most of the patients were determined as having a 
castration-resistant prostate cancer (CRPC) based 
on relapse after ADT. Three of the patients were 
diagnosed with advanced CRPC, because of de-
velopment of multiple bone metastases (patients 
no.3,4,9). Altogether, histological and clinical re-
sults in our patients showed an aggressive sub-
type of PCa, as perivascular and perineural infil-
tration and bone metastases were detected. 

We demonstrated that an association exists 
between tumor stage (in our patients assessed by 
TNM as T3 and T4) and the detected molecular 
profile of aggressive cancer behavior, whereas in 
T2 tumor stage no such an association was found. 
The combined positive molecular profile (PCA3 
overexpression, GSTP1 gene promoter hyper-
methylation and TMPRSS2-ERG fusion) was de-
tected in patients with higher Gleason score and 
poor prognosis with one exception. The patient 
no.2, Gleason score 6, typically associated with 
better prognosis did not correlate to the obtained 
molecular profile corresponding to more aggres-
sive PCa. For this reason Gleason scoring should 
not be considered as the most important prognos-
tic parameter, and it is reasonable to be interpret-
ed simultaneously with additional histological 
and molecular findings. 

In regard to the TMPRSS2-ERG genes fusion, 
we studied the following types: T2-F1/ERG-R4; 
T2-F1/ERG-R6; T2-F/ERG-R and T2-F2/ERG-R2 
[3,14], but only one variant (T2-F1/ERG-R4) was 
detected. This is the most prevalent fusion dis-
cussed and reported so far [7,8]. The positive fu-
sion transcript was associated with the clinical 
pattern of aggressive, androgen-independent and 
life-threatening PCa in our patients. In patients 
no.3,4 and 9 multiple metastases in the skeleton 
and cranium were found, which led to PCa-asso-
ciated death in the patient no.9. The remaining 
clinical cases were diagnosed as having a more 
intensive mineral metabolism by bone scan with-
out bone metastases and the soft tissues. In our 
group, the TMPRSS2-ERG fusion was present pre-
dominantly in patients with higher Gleason score 
(no.7,8, and 9), as reported by other authors [15]. 

The positive fusion profile was detected also in 
patient no.2 with Gleason score 6, which points 
again to the importance of molecular findings for 
the final disease prognosis and PCa subtyping.  

The appearance of the TMPRSS2-ERG fusion 
marker in blood is a prerequisite for micromet-
astatic PCa behavior. The combined testing of a 
number of molecular markers in blood and the 
appearance of a positive profile, as demonstrat-
ed in our investigation, predicts micrometastases 
formation. Micrometastases could develop into 
metastases with subsequent dissemination into 
adjacent tissues and then toward non-accidental 
locations, like bones and the CNS [16], as demon-
strated in 3 of our clinical cases (patients no.3,4,9).

In one of our patients (no.1), the blood sam-
ple was positive for PCA3 overexpression, GSTP1 
hypermethylation and TMPRSS2-ERG (T2-F1/
ERG-R4). It should be interpreted undoubtedly 
as a pronounced migration and dissemination of 
PCa cells in the circulation. The same patient was 
subjected to ADT with docetaxel and after 1 year 
follow-up the blood sample was found to be pos-
itive only for the GSTP1 promoter hypermethyl-
ation. The GSTP1 promoter hypermethylation is 
considered to be the earliest epigenetic alteration 
indicating cancerous prostatic changes and the 
long-time persisting marker in the blood circu-
lation. Based on the molecular findings and the 
clinical observations it was concluded that the pa-
tient no.1 demonstrates good individual response 
to treatment. 

The blood samples of the patients no.3 and 4 
(Table 1) were also found to be positive for PCA3 
overexpression and for GSTP1 promoter hyper-
methylation, but negative for the fusion profile. 
The rest of the cases were found to be positive 
only for the GSTP1 promoter hypermethylation, 
which indicates the beginning of the micrometas-
tases formation and their gradual dissemination.

Normal genotypes in respect to the IVS1-
27G>A polymorphism in the KLF6 gene were ob-
tained for all 11 studied patients with aggressive 
PCa. This PCa-associated polymorphism gener-
ates alternative splice variants (KLF6-SV1, SV2, 
SV3), which directly influence and stimulate the 
tumor growth and metastatic formation [17,18]. 
This polymorphic variant has not been studied 
before in Bulgaria and its prevalence in Bulgarian 
population is unknown. 

No somatic AR mutations were detected in 
our patients with CRPC, and in the rest of the ag-
gressive subgroup. Our molecular results support 
once again the opinion of the urological commu-
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nity, that AR mutations are comparatively rare in 
PCa and CRPC [19], regardless of awaiting induci-
ble effect from the therapies.

Conclusions

In conclusion, we chose to characterize 11 pa-
tients because they had relatively similar molec-
ular profile and clinicopathological characteristics, 
which determine the aggressiveness of Pca behav-
ior. Molecular profiles in different tissues were 
correlated to the clinico-histological data. The mo-
lecular testing might help clarify invasive, fast pro-

gressive, metastatic and life-threatening subtypes 
of PCa. Our data suggests that positive molecu-
lar status in patients with aggressive PCa might 
be helpful for strict monitoring and for choosing 
better treatment. The molecular profile needs to be 
strictly monitored during treatment, which helps 
determine the patient’s individual response. 
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