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Aim. To detect ETS fusion transcripts in Ukrainian population and to analyze a possible rela-
tionship between the ETS fusion transcripts and clinical characteristics of prostate cancer. 
Methods. Quantitative PCR (q-PCR) was used to analyze the expression of six fusion transcripts 
at the mRNA level. The amplified products were analyzed by gel electrophoresis and direct 
sequencing. We analyzed 37 fresh frozen samples of prostate cancer tissues, 37 paired con-
ventionally normal prostate tissue samples and 20 samples of adenomas. Results. Six ETS fu-
sion transcripts of TMPRSS2 with ERG, ETV1, ETV4, ETV5 were analyzed. Only one out of 
six fusion ETS transcripts was detected in a cohort of 37 Ukrainian patients with prostate 
adenocarcinoma. The frequency of detection of the TMPRSS2-ERG fusion transcript in pros-
tate cancer tissues was 56.8 %. The TMPRSS2-ERG expression was also detected in 16 normal 
prostate tissue samples (43.2 %) and in 4 prostate adenoma samples (20 %). No correlation 
was found between the frequency of the TMPRSS2-ERG in carcinoma samples and clinical 
characteristics of the samples. However, an analysis of relative gene expression in all the in-
vestigated groups has shown the altered TMPRSS2-ERG expression in some groups with 
different Gleason scores of prostate adenocarcinoma compared to adenomas and normal tissue 
samples. The most elevatedTMPRSS2-ERG expression was found in the prostate adenocarci-
noma group with the Gleason score > 7. Conclusions. We detected the TMPRSS2-ERG fusion 
transcript (EF194202.1) in prostate tumor samples as adenocarcinoma (the frequency was 
56.8 %) with different Gleason score andя some paired normal prostate tissues as adenoma 
samples in our group of Ukrainian population. The obtained results show that the TMPRSS2-
ERG fusion transcript  is present at early stages of cancer development. In the further studies 
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we plan to test whether the TMPRSS2-ERG fusion transcript can be used as a diagnostic 
marker of prostate cancer development.
K e y w o r d s: prostate cancer, fusion transcripts, relative gene expression

Introduction

Gene fusions, which involve the ETS family of 
transcription factors (ERG, ETV1, ETV4, ETV5) 
are a frequent event in prostate cancer [1]. 
Usually their 5’ fusion partners are androgen-
regulated genes, particulary TMPRSS2, KLK2, 
CANT1, SLC45A3 and NDRG1. The most com-
mon of them is the TMPRSS2 gene. Because 
of their expression under the TMPRSS2 pro-
moter the fusion transcripts were demonstrated 
to be up-regulated by androgenic hormones in 
the androgen-dependent prostate cancer tis-
sue [2]. Transcription factors from the ETS 
family activate the oncogenic transcriptional 
programs, such as invasion, induction of DNA 
breaks and enhance the ETS oncogenic func-
tions [3]. The ETS proteins are involved in the 
signaling pathways associated with cancer de-
velopment [3, 4]. It was also found that some 
members of this family can form the fusion 
transcripts, which may produce functional fu-
sion proteins and proteins of the 3’-partner 
genes [3, 5]. These fusion transcripts can be 
potentially formed as a result of deletions and 
translocations [6, 7]. Although the mechanism 
of their formation has not been established yet, 
there is the evidence that noncoding RNAs, 
hormone levels, genotoxic stress and other fac-
tors play an important role in this process [8]. 
It has been shown that different exons and in-
trons of both genes could be involved in the 
formation of their fusion transcripts in prostate 
cancer. That is why they usually have several 
isoforms [2, 4, 5, 9, 10].

It was shown that specific fusion transcripts 
are detected with different frequency within 
populations of USA [1, 2, 8-10], Germany [2], 
Slovenian [11], Sweden [12] and Asia [13], 
but the frequency of detection of those tran-
scripts for Ukrainian population has not been 
investigated yet. Therefore, it is important to 
determine what kind of these fusion transcripts 
is able to be expressed in tissues of the prostate 
cancer patients in Ukrainian population. The 
aim of this study was to detect several types 
of the fusion transcripts in Ukrainian popula-
tion and to analyze possible relationships be-
tween the ETS fusion transcripts and the clin-
ical characteristics of prostate cancer. 

Materials and Methods
Sample collection. Prostate cancer samples and 
paired conventionally normal prostate tissues 
samples from opposite to cancer zone were 
collected from patients in National Cancer 
Institute (Kiev, Ukraine) and prostate adenoma 
samples were collected in Institute of Urology 
(Kiev, Ukraine) after radical prostatectomy. 
All samples were immediately frozen in liquid 
nitrogen. All patients gave written informed 
consent. The samples were collected in ac-
cordance with the Declaration of Helsinki and 
the guidelines issued by the Ethic Committee 
of the Institute of Urology and National Cancer 
Institute, National Academy of Medical 
Sciences of Ukraine. There were 20 samples 
of prostate adenoma (Institute of Urology, 
Kiev, Ukraine), 37 normal prostate tissue sam-
ples and 37 prostate carcinoma samples: 20 of 
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prostate carcinoma with Gleason score ≤ 7, 
and 17 of prostate aggressive carcinoma with 
Gleason score > 7.

Total RNA isolation, cDNA synthesis. Total 
RNA extraction was done with RNeasy Mini 
kit (Qiagen, Germany) according to the manu-
facturer’s recommendations after preparation 
of sample prouder in liquid nitrogen. Total 
RNA samples quality was determined in 1 % 
agarose gel by band intensity of 28S vs 18S 
rRNA (28S/18S ratio) and spectrophotometri-
cally (ratios of 260 nm vs 230 nm and 280 nm 
respectively). Concentration of total RNA was 
monitored with absorbance spectra at 260 nm 
(NanoDrop Technologies Inc. USA). The 
RNase free DNaseI treatment of total RNA 
was used to clean samples from genomic DNA. 
cDNA was synthesized from 1 µg of total RNA 
using RevertAid H Minus M-MuLV Reverse 
Transcriptase (Thermo Fisher Scientific, USA) 
according to the manufacturer’s protocol.

Quantitative PCR was performed using 
Maxima SYBR Green Master mix (Thermo 
Fisher Scientific, USA) on CFX96 Touch 

(BIO-RAD, USA) under the conditions: 
95 °C – 10 min, following 40 cycles of 95 °C - 
15 s, 60 °C – 30 s, elongation 72 °C – 30 s. 
Primers for qPCR were designed by Primer3 
software (http://bioinfo.ut.ee/primer3-0.4.0) 
and BLAST (https://www.ncbi.nlm.nih.gov/
tools/primer-blast/) (Table 1). 

The reference genes TBP, HPRT, ALAST1 
and K-ALPHA-1 were used for the gene ex-
pression normalization [14], the model for 
expression calculation was Livak 2-ΔCt and 
2-ΔΔCt method- based relative quantities from 
the uploaded raw threshold cycle data [15].

Statistical analysis. The Kolmogorov-
Smirnov and Lilliefors tests were used for 
assessing normality of distribution. Kruskal-
Wallis test was used to determine differences 
in multiple comparison between groups. Mann-
Whitney test was used for assessment of dif-
ferences for the expression of TMPRSS2-ERG 
fusion in groups with various stages, Gleason 
scores and levels of the prostate specific anti-
gen. Spearman rank test was used to analyze 
associations between the expression of 

Table 1. Sequences of primers for detection of selected fusion transcripts
Fusion transcript Primer name Sequence Amplicon length, bp

TMPRSS2-ERG
(EF194202.1)

T/ERG_F
T/ERG_R

GAGACCCATCTGGACTACCAA
TGTCCATAGTCGCTGGAGGA 167

TMPRSS2-ETV1a
(DQ204770.1)

T/ETV1a_F
T/ETV1a_R

TAGGCGCGAGCTAAGCAGGA
TTCAGCCTGATAGTCTGGTACA 125

TMPRSS2-ETV1b
(DQ204771.1)

T/ETV1b_F
T/ETV1b_R

ACCTATCATTACTCGATGCTGTTG
TTCAGCCTGATAGTCTGGTACA 100

TMPRSS2-ETV4a
(DQ396625)

T/ETV4a_F
T/ETV4a_R

AGTTTGTAAGAGGAGCCTCAGCATC
AGCCACGTCTCCTGGAAGTGACTTA 189

TMPRSS2-ETV5b
(EU314930)

T/ETV5b_F
T/ETV5b_R

AGGCTTCCAACCCCGTCGTC
CTTGCTGATCATAAAACCCGTCC 162

TMPRSS2-ETV5c
(EU314931)

T/ETV5c_F
T/ETV5c_R

GAAAACCCCTATCCCGCACA
TAAAACCCGTCCATGGTGCT 260

http://bioinfo.ut.ee/primer3-0.4.0
https://www.ncbi.nlm.nih.gov/tools/primer-blast/
https://www.ncbi.nlm.nih.gov/tools/primer-blast/
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TMPRSS2-ERG fusion and clinical data of 
patients. p-values > 0.05 were considered as 
statistically insignificant [16]. All statistical 
procedures were performed, using the 
STATISTICA 10.0 software (StatSoft, USA).

Results and Discussion
It is known that fusion transcripts can be 
formed by the TMPRSS2 gene and the ETS 
family members in prostate cancer [2] and 
expression of some fusion transcripts may cor-
relate with the clinical data [11]. The gene 
fusion products are involved in the regulation 
of cell cycle, prostate cancer initiation, pro-
gression and invasive potential of cells [4, 17]. 
Thus, we decided to detect their expression in 
Ukrainian population and to test whether they 
can be used as markers of the development and 
progression of prostate cancer.

We studied expression of 6 fusion transcripts: 
TMPRSS2-ERG, TMPRSS2-ETV1a, TMPRSS2-
ETV1b, TMPRSS2-ETV4a, TMPRSS2-ETV5b, 
TMPRSS2-ETV5c (Fig.1) in prostate cancer 
samples (Table 2). These gene fusions typi-
cally result in the fusion of the 5′-part of andro-
gen-regulated genes to the oncogenic ETS fam-
ily genes, causing their over-expression [17]. 
Taken TMPRSS2-ERG is namely TMPRSS2-
ERG, isoform 2 (EF194202.1), which was de-
tected with a high frequency in the study of 
Lapointe J. et al. [12].

Bioinformatic analysis using ORF finder 
(https://www.ncbi.nlm.nih.gov/orffinder/) and 
BLASTP https://blast.ncbi.nlm.nih.gov/Blast.
cgi) has shown that some fusion transcripts 
can produce proteins: TMPRSS2-ERG poten-
tially can produce the ERG protein, TMPRSS2-
ETV4a – ETV4 protein; some of them may 
even be able to produce fusion proteins 

(e,g, TMPRSS2-ETV5 fusion transcripts). Our 
data did not show the existence of any proteins 
from the TMPRSS2-ETV1a and TMPRSS2-
ETV1b fusion transcripts, but an experimental 
study indicated that TMPRSS2-ETV1a can 
produce the ETV1 protein [3].

Our study of 6 fusion transcripts in 37 pros-
tate carcinoma samples allowed us to detect 
only one fusion transcript – TMPRSS2-ERG 
(Table 2). This transcript was extracted from 
agarose gel, cleaned by GeneJET Extraction Kit 
(Thermo Scientific) and sequenced. The pres-
ence of the expected fusion transcript in prostate 
cancer samples was confirmed (Fig. 2). 

In our study this fusion transcript was de-
tected in 21 out of 37 prostate cancer samples, 
i.e. with a frequency of 56.8 %, confirming the 
frequency of its detection in other studies (40–
80 %) [1, 2, 4].

The androgen signaling has been shown to 
induce the proximity of TMPRSS2 and ERG 
locus in androgen responsive cells, and in 
combination with agents causing DNA double 
strand breaks induces the TMPRSS2-ERG gene 
fusions [8, 19, 20]. So the level of androgens 
in the body plays an important role in the ex-
pression of fusion transcripts formed with the 
TMPRSS2 gene. Also the TMPRSS2-ERG fu-
sion transcript product binds to the ERG locus 
and drives the over-expression of wild-type 
ERG in prostate cancers [18]. Moreover, an-
drogen signaling-mediated up-regulation of 
TMPRSS2-ERG resulted in the concomitant 
up-regulation of the wild-type ERG transcrip-
tion in VCaP cells. The loss of wild-type ERG 
expression was associated with a decrease in 
their invasive potential [18]. 

The expression of other fusion transcripts 
was not detected. Notably, their expression 

https://www.ncbi.nlm.nih.gov/orffinder/
https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://blast.ncbi.nlm.nih.gov/Blast.cgi
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depends on many factors, including features 
of prostate carcinogenesis and studied popu-
lations. For instance, the TMPRSS2-ETV1, 
TMPRSS2-ETV4 and TMPRSS2-ETV5 fusion 

transcripts were detected in the highest fre-
quency in heterogeneous American popula-
tions by Tomlins S. et al. [2, 9] and Helge-
son B. et al. [10], but these three fusion tran-

Fig. 1. Schematic representation of the fusion transcripts used in the study.
Note: ATG – start codon for protein.
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Table 2. Fusion transcripts and clinical characteristics of prostate cancer samples. 

Sa
m

pl
e Fusion transcripts Clinical characteristics

TMPRSS2-
ERG

TMPRSS2-
ETV1a

TMPRSS2-
ETV1b

TMPRSS2-
ETV4a

TMPRSS2-
ETV5b

TMPRSS2-
ETV5с Stage Gleason 

score TNM PSA
ng/ml

1T - - - - - - ІІ

< 7

T2сNxM0 27,3
2T - - - - - - II T2cNxM0 25,2
3T + - - - - - II T2pN0M0 5,03
4T + - - - - - II T2cN0M0 29,08
5T - - - - - - ІІ T2bNxM0 6,5
6T + - - - - - ІІ T2bN0M0 12,8
7T + - - - - - ІІ T2аN0M0 9,3
8T + - - - - - ІІ T2аNxM0 18,6
9T + - - - - - ІІ T2аN0M0 13,3
10T - - - - - - ІІ T2aN0M0 6,04
11T - - - - - - ІІІ T3bNхM0 23,57
12T + - - - - - І

7

T1сNxM0 8,19
13T + - - - - - ІІ T2сNxM0 19,27
14T - - - - - - ІІ T2сNxM0 19,8
15T - - - - - - ІІ T2аNxM0 11,7
16T - - - - - - ІІ T2сNxM0 13,9
17T + - - - - - ІІ T2аNxM0 7,13
18T + - - - - - ІІ T2аNхM0 5,6
19T + - - - - - ІІ T2cN0M0 14,3
20T + - - - - - ІІІ T2bN0M0 24,6
21T + - - - - - IІІ

> 7

T3bN0M0 12,12
22T - - - - - - ІІ T2bNxM0 6,92
23T + - - - - - ІІІ Т3bNхМ0 20,9
24T + - - - - - ІІI T3bN0M0 84,2
25T - - - - - - III T3bNxM0 51
26T + - - - - - ІІ T2bNxM0 33
27T - - - - - - ІІІ T2bNxM0 0,48
28T - - - - - - ІV T3aN0M1 37,8
29T + - - - - - ІІІ T3bNxM0 106
30T + - - - - - IV T2cN1M0 17
31T + - - - - - III T3aN0M0 25,08
32T - - - - - - ІІ T2bN0M0 20,29
33T - - - - - - IV T2сN0M1 22,6
34T + - - - - - ІІІ T3bNхM0 16
35T - - - - - - ІІІ T3bNхM0 86,26
36T + - - - - - ІІІ T2сN1M0 2,27
37T - - - - - - ІІ T2cN0M0 9,68

Notes: “+” - detected fusion transcript; “-“ – no expression of fusion transcript.
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Fig. 2. Chromatogram (sequence example) of the TMPRSS2-ERG fusion transcript (Note: transcript junction marked 
by arrows). 

Fig. 3. Relative gene expression of TMPRSS2-ERG fusion transcript in prostate cancer samples.
Note: Gl – Gleason score, A – adenoma samples, T – prostate adenocarcinoma samples, N – paired normal prostate tissues.

place of the junction



263

Detection of prostate specific ETS fusion transcripts in cancer samples 

scripts were not detected in the study of 
Dong J. et al. in Eastern Chinese popula-
tion [13]. They usually have a low frequency 
(1–10 %), so their detection requires a large 
number of samples. 

We studied whether an expression frequen-
cy of the] TMPRSS2-ERG fusion transcript is 
associated with the clinical characteristics 
(stages, Gleason scores and levels of the PSA) 
of prostate cancer patients though no such cor-
relation was found. We observed approximate-
ly the same expression frequency of TMPRSS2-
ERG in all prostate adenocarcinoma samples 
of different stages and three groups of Glisone 
score. So, there is the hypothesis that these 
changes can occur at an earlier stage and pro-
ceed at all stages of the tumor development 
and growth . There is evidence that the expres-
sion of the fusion transcripts can be observed 
at the earliest stages of cancer [2]. It is most 
likely that the emergence of the fusion tran-
script is typical for a specific mechanism of 
oncogenic transformation. That is why we 
investigated the expression of the detected fu-
sion transcript in paired conventionally normal 
tissue samples and adenomas. 2-ddCt model was 
used for calculation of the TMPRSS2-ERG 
relative gene expression, normalized to the 
mean of the adenomas group. The levels of 
relative TMPRSS2-ERG expression in three 
types of prostate tissues are shown in Fig. 3. 

As previously reported, this fusion tran-
script was detected in 21 samples of prostate 
cancer. The expression of TMPRSS2-ERG was 
detected in 16 normal prostate tissue samples 
and 4 samples of prostate adenoma. The fusion 
transcript, detected in these samples, was se-
quenced, and the TMPRSS2-ERG fusion tran-
script was confirmed (Fig. 2). 

Kruskal-Waillis test determined differences 
in the TMPRSS2-ERG relative expression levels 
among investigated groups with p = 0.001. All 
fusion positive samples were distributed into 7 
groups: 3 adenocarcinoma groups with Gleason 
score < 7, = 7, > 7 and 3 respective groups of 
normal tissues divided by Gleason score < 7, 
= 7, > 7, and the adenoma samples group. 
Mann-Witney test has shown significant differ-
ences between 9 pairs of investigated groups. 
All 3 groups of prostate adenocarcinoma with 
3 types of Gleason score (< 7, = 7, > 7) and one 
group of normal tissue with Gleason score > 7 
demonstrated a significant increase in the 
TMPRSS2-ERG relative expression levels com-
pared with the adenoma group (p = 0.04; 
p = 0.04; p = 0.01; p = 0.012 respectively). 
Among paired groups of prostate adenocarci-
noma and normal tissue with the same Gleason 
score the only significant differences were de-
tected between adenocarcinoma and normal 
tissue with Gleason score < 7 (p = 0.045). Two 
other prostate adenocarcinoma groups with 
Gleason score = 7 and Gleason score > 7 had 
significant differences (increased relative ex-
pression levels) with normal tissue Gleason 
score < 7 (p = 0.025; p = 0.003 respectively). 
Furthermore, we found the evidence of signifi-
cant increase in the TMPRSS2-ERG relative 
expression level in the prostate adenocarcinoma 
groups with Gleason score > 7 compared to 
normal tissue with Gleason score = 7 (p = 0.03). 
Among groups of normal tissue with different 
Gleason score significant differences between 
Gleason score < 7 and Gleason score > 7 
(p = 0.08) were detected. No differences were 
detected between the prostate adenocarcinoma 
groups with different Gleason score. The 
Benjamini-Hochberg procedure with false dis-
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covery rate 0.10 was used to correct p value 
under multiple comparison detection [21]. All 
our data with p value (p < 0.05) were detected 
as significant in this procedure with 0.1 false 
discovery rate. 

In 21 samples of fusion positive prostate 
adenocarcinoma samples we detected 16 paired 
fusion positive normal samples. Those were 
not false positive results, because all TMPRSS2-
ERG transcripts from normal samples were 
sequenced. This is consistent with the notion 
that some fusion transcripts can be detected in 
normal prostate tissue [3]. This may mean that 
there are tumor cells in normal tissue, or the 
normal tissue has already undergone onco-
genic changes and is no more the normal one. 
Besides, the fusion transcripts are already 
found in the adenomas (4 fusion positive spec-
imens in the prostate adenomas of 20 samples).

Our results have shown that the TMPRSS2-
ERG fusion transcript is present at early stag-
es of the cancer development and its expres-
sion level significantly increases in a high 
Gleason score group. 

It was detected that the TMPRSS2-ERG 
fusion transcript has an oncogenic effect on 
the development of prostate cancer, since it 
can potentially produce the oncogenic ERG 
protein [3]. It is well known that ERG is in-
volved in the Wnt signaling pathway, which 
regulates gene transcription, cell proliferation 
and cell migration [4]. There is evidence that 
one of its isoforms is capable of production of 
a chimeric protein that is able to regulate the 
activity of the insulin-like growth factor-1 
receptor (IGF1R). It plays a key role in cell 
growth and tumorigenesis, and is overex-
pressed in most malignancies, including pros-
tate cancer, and the IGF1 signaling pathway, 

an important cell survival network. Trans acti-
va tion of the IGF1R gene by oncogene ERG 
constitutes a key event in the prostate cancer 
development. Enhanced activation of the over-
expressed IGF1R by locally produced or cir-
culating IGF1 or IGF2 may provide a selective 
advantage to tumor cells [20].

Additionally, our data suggest the formation 
of this transcript at the early stages of carci-
nogenesis of the prostate. In future it can be 
used in the development of a method for early 
diagnosis and prognosis of the course of the 
disease, taking into account the data obtained 
in other studies [11, 22]. 

The recent studies demonstrate the connec-
tion between androgen receptor expression and 
expression of the TMPRSS2-ERG fusion in 
prostate cancer, giving arguments in favor of 
the fact that the expression of this fusion tran-
script depends on the influence of androgens in 
hormone-dependent tumors [4, 23, 24]. It is also 
known that the expression of TMPRSS2-ERG 
fusion cooperates with such signaling pathways 
as RAS/RAF and PI3K/PTEN/AKT [24]. 
Krstanoski Z. et al. tested association between 
the TMPRSS2-ERG fusion transcript by FISH 
method and several clinicopathological vari-
ables, i.e., pT stage (describes the size of the 
primary tumour), extended lymph node dissec-
tion status, and Gleason score, correcting for 
multiple comparisons. Only the association with 
pT stage was significant (p = 0.05) [16]. 

Because the credible mechanisms of forma-
tion of fusion transcripts are still unknown, our 
objective for further research is to reveal the 
mechanism of their formation in the patients 
with prostate cancer, as well as the mecha-
nisms by which fusion transcripts affect the 
development of prostate cancer disease.
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Conclusions
Among 6 investigated fusion transcripts 
(TMPRSS2-ERG, TMPRSS2-ETV1a, TMPRSS2-
ETV1b, TMPRSS2-ETV4a, TMPRSS2-ETV5b, 
TMPRSS2-ETV5c) only the TMPRSS2-ERG 
fusion transcript was detected. Subsequent se-
quencing confirmed the presence of TMPRSS2-
ERG fusion transcript. Its frequency in prostate 
tumors was determined to be 56.8 % in our 
group. Additionally, we observed the expression 
of TMPRSS2-ERG in 16 normal prostate tissue 
samples (43.2 %) and 4 samples of prostate 
adenoma samples (20 %). It suggests that the 
frequency of TMPRSS2-ERG fusion transcript 
would be rather the same as in other European 
populations and higher than in Asian popula-
tions. The obtained results show that the fusion 
transcript TMPRSS2-ERG is present at the ear-
ly stages of cancer.

Whereas the ETS fusions were discovered 
several years ago, and are important in sev-
eral aspects of the prostate cancer initiation 
and progression, the formation of TMPRSS2-
ERG fusion is still under investigation [4]. 
Thus, in our further studies we intend to iden-
tify the mutation which could form the 
TMPRSS2-ERG fusion transcript and test 
whether it can be used as a diagnostic marker 
of the formation and development of prostate 
cancer, in investigation of the fusion positive 
tumors carcinogenic features.
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Виявлення простат специфічних злитих 
транскриптів ETS у зразках раку 
передміхурової залози

Л. В. Мевс, Г. В. Геращенко, Е. Е. Розенберг, 
М. В. Пікуль, М. В. Мариніченко, О. П. Гризодуб, 
С. О. Возіанов, Е. А. Стаховський, В. І. Кашуба

Мета. Виявити типи злитих транскриптів в українській 
популяції та проаналізувати можливий зв›язок між 
наявністю злитих транскриптів ETS та клінічними 
характеристиками раку передміхурової залози. 
Методи. Кількісний ПЛР (q-PCR) використовували 
для аналізу експресії 6 злитих транскриптів на рівні 
мРНК. Ампліфіковані продукти перевіряли за допо-
могою гель-електрофорезу та секвенуванням. Нами 
було проаналізовано 37 свіжо заморожених зразків 
тканин раку передміхурової залози, 37 парних до них 
умовно нормальних зразків тканини передміхурової 
залози та 20 зразків аденоми. Результати. Нами було 
проаналізовано 6 злитих транскриптів ETS: злиття 
TMPRSS2 з ERG, ETV1, ETV4, ETV5. У вибірці із 37 
пацієнтів з аденокарциномою передміхурової залози 
було виявлено лише один з шести злитих транскриптів. 
Частота детекції злитого транскрипту TMPRSS2-ERG 
в тканинах раку передміхурової залози становила 
56,8 %. Експресія TMPRSS2-ERG також була виявлена 
у 16 зразках умовно нормальних тканин передміхуро-
вої залози (43,2 %) та у 4 зразках аденоми передміху-
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рової залози (20 %). Не було виявлено кореляції між 
частотою TMPRSS2-ERG та клінічними характеристи-
ками пухлин у зразках карцином. Проте аналіз від-
носної експресії генів у всіх досліджених групах по-
казав змінену експресію TMPRSS2-ERG у деяких гру-
пах з різними показниками ступеня Глісона в зразках 
аденокарцином порівняно з аденомами та зразками 
умовно нормальних тканин. Найбільш висока експре-
сія TMPRSS2-ERG була виявлена в групі аденокарци-
ном передміхурової залози з оцінками ступеня Глісона 
> 7. Висновки. У нашій досліджуваній групі населен-
ня України нами було детектовано злитий транскрипт 
TMPRSS2-ERG (EF194202.1) у пухлинних зразках 
передміхурової залози як аденокарцином (частота 
56,8 %) з різним ступенем Глісона та парним до них 
умовно нормальних тканинах передміхурової залози, 
так і в зразках аденом. Отримані результати показують, 
що злитий транскрипт TMPRSS2-ERG присутній вже 
на ранніх стадіях розвитку ракового захворювання. 
У подальших дослідженнях ми плануємо перевірити, 
чи може злитий транскрипт TMPRSS2-ERG бути ви-
користаний як діагностичний маркер утворення злитих 
транскриптів та можливого розвиток раку передміху-
рової залози.

К л юч ов і  с л ов а: рак передміхурової залози, злиті 
транскрипти, відносна експресія генів.

Выявление простат специфических слитых 
транскриптов ETS в образцах рака простаты

Л. В. Мевс, В. Геращенко, Е. Е. Розенберг, 
М. В. Пикуль, М. В. Мариниченко, 
А. П. Грызодуб, С. А. Возианов,  
Е. А. Стаховський, В. И. Кашуба

Цель. Выявить типы слитых транскриптов в украин-
ской популяции и проанализировать возможную связь 
между наличием слитых транскриптов ETS и клини-
ческими характеристиками рака простаты. Методы. 
Количественный ПЦР (q-PCR) использовали для ана-
лиза экспрессии 6 слитых транскриптов на уровне 
мРНК. Амплифицированные продукты проверяли с 
помощью гель-электрофореза и секвенированием. 

Нами были проанализированы 37 свежо замороженных 
образцов тканей рака простаты, 37 парных к ним ус-
ловно нормальных образцов ткани простаты и 20 об-
разцов аденомы. Результаты. Нами были проанали-
зированы 6 слитых транскриптов ETS: слияние 
TMPRSS2 с ERG, ETV1, ETV4, ETV5. В выборке из 
37 пациентов с аденокарциномой простаты было вы-
явлено лишь один из шести слитых транскриптов. 
Частота детекции слитного транскрипта TMPRSS2-
ERG в тканях рака простаты составляла 56,8 %. 
Экспрессия TMPRSS2-ERG также была обнаружена в 
16 образцах условно нормальных тканей простаты 
(43,2 %) и в 4 образцах аденомы простаты (20 %). Не 
было обнаружено корреляции между частотой 
TMPRSS2-ERG и клиническими характеристиками 
опухолей в образцах карцином. Однако анализ отно-
сительной экспрессии генов во всех исследованных 
группах показал измененную экспрессию TMPRSS2-
ERG в некоторых группах с различными показателями 
степени Глисона в образцах аденокарцином по срав-
нению с аденомы и образцами условно нормальных 
тканей. Наиболее высокая экспрессия TMPRSS2-ERG 
была обнаружена в группе аденокарцином простаты 
по оценкам степени Глисона > 7. Выводы. В нашей 
исследуемой группе населения Украины нами было 
детектируемого слитый транскрипт TMPRSS2-ERG 
(EF194202.1) в опухолевых образцах простаты как 
аденокарцином (частота 56,8 %) с разной степенью 
Глисона и парным к ним условно нормальных тканях 
простаты, так и в образцах аденом. Полученные ре-
зультаты показывают, что слитый транскрипт 
TMPRSS2-ERG присутствует уже на ранних стадиях 
развития ракового заболевания. В дальнейших иссле-
дованиях мы планируем проверить, может ли слитый 
транскрипт TMPRSS2-ERG быть использован как ди-
агностический маркер образования слитых транс-
криптов и возможного развитие рака простаты.

К л юч е в ы е  с л ов а: рак простаты, слитые транс-
крипты, относительная экспрессия генов.
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