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A system for comprehensive non-invasive diagnostic of urogenital system neoplasms has been designed and tested on
the basis of molecular genetic parameters (the tmprss2/erg rearrangement using reverse transcriptase polymerase chain
reaction (PCR), the level of psa3/psa and cxcr4 gene expression using quantitative PCR, and the gstp1 gene promoter

methylation status using methyl-specific PCR.
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genes.

The malignant tumors of genitourinary system
are among the most widespread cancers. Prostate
cancer is second behind lung cancer. In Ukraine,
the prostate cancer morbidity rate has been show-
ing an ascending trend. This problem is extremely
important, not only from the medical, but also
from the social point of view. In recent years, in
oncourology, a considerable progress has been re-
ported as the arsenal of diagnostic techniques and
tools have significantly widened (radiation, mor-
phological, genetic, molecular biologic, endoscop-
ic, laparoscopic, and other advanced technolo-
gies) to optimize and to develop new methods for
the treatment of onkourologic diseases, efficiency
of which depends on timely diagnosis.

In recent years, new highly sensitive diagnos-
tic markers have been discovered. They allow the
physicians to diagnose cancer at the preclinical
stage, to assess the degree of malignancy of the
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tumor, to give more accurate predictions, and to
prescribe effective therapies. Among the promis-
ing techniques which are actively implemented
nowadays are molecular genetic methods. At this
stage of research, methods for determining pca3
gene expression, gstp? gene promoter methy-
lation, fusion of tmprss2/erg genes, and cxcr
chemokine receptor overexpression are consid-
ered to be the most accurate ones [ 1, 2].

The results of this research can be used for
therapeutic purposes. For example, in previous
research [3], the authors hereof found that the in-
hibition of cxcr4 by small molecules of MD3100
antagonist or blocking of cxcr4,/cxcl12 interaction
by neutralizing anti-cxcr4 antibodies can specifi-
cally inhibit the proliferation of PC3 and DU145
population predecessor cells of prostate cellular
lines in vitro and in vivo and prevent the growth
of tumors in animal models. In addition, these
results can apply to the xenotransplantation of
prostate tumors in studies with monotherapy.

Thus, the creation of effective test systems for
identifying the molecular genetic markers spe-
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cific for different forms of neoplasms is an essen-
tial factor for molecular diagnosis, prognosis, and
choice of treatment.

MATERIALS AND RESEARCH METHODS

RNA was extracted using commercial kits that
gave 0.5—5 g of total RNA or by a conventional
method [4]. In this research, specially designed nu-
cleotide primers for the study of tmprss2, erg, pca3,
gstpl, cxcrd genes and tmprss2/erg chimeric gene
were used. All primers were selected using Primer-
BLAST OligoAnalyzer 3.1 software (see Table 1).

The primers for reverse transcriptase poly-
merase chain reaction (RT-PCR) analysis were
selected according to the sequences NM_ 005656
Homo sapiens transmembrane protease, serine 2
(TMPRSS2) mRNA, and NM_ 004449 Homo sa-
piens v-ets avian erythroblastosis virus E26 on-
cogene homolog (ERG) mRNA. The scheme of
the formation of fusion gene and areas of possible
breaks are showed in Fig. 1.

Both commercial sets of primers (commonly
used tests for beta-actin, 18S rRNA, etc.) and
primers for the detection of abl/ normal gene were
used to verify the normal synthesis of cDNA. The
PCR products were visualized by electrophoresis
in agarose gels.

RESULTS AND DISCUSSION
Detection of the presence of tmprss2/erg chimeric gene
and the expression of cxcr4 gene in patients with
malignant tumors of the genitourinary system

Based on published data, one can state that, in
87% cases, tmprss2 exon 1 fuses with exons 4—6
erg (see Fig. 1).

However, there are many other options for re-
arrangements [5]. The tmprss2/erg chimeric gene
are detected in 60.3% of patients with primary
prostate cancer and in 42.9% of patients with
hormone-antisense metastases in lymph glands.
The tmprss2/erg hybrid gene product is assumed
to lead to deregulation of androgen dependent erg
factor and to hyperactivation of cxcr4 chemokine
receptor involved in adhesion, migration, in-
vasion, and metastasis [6], which causes resis-
tance of tumor’s stem cells to radiation therapy.
Therefore, the presence of tmprss2/erg fused gene
is associated with more aggressive growth, split,
and increased radio-resistance of tumors. The tm-
prss2/erg chimeric gene detected is a promising
genetic marker for minimally invasive diagnosis
in patients with prostate cancer.

Fig. 1 shows the location of possible rearrange-
ments during the formation of tmprss2/erg chi-

Table 1
Oligonucleotide primers used in the research
Purpose Sequence of nucleotides Length of fragment
Detection of tmprss2/erg | stage 1 t/erg-2F AGTAGGCGCGAGCTAAGCAG 1021 b.p.
t/erg-1R TCTGGAAGGCCATATTCTTTCAC 936 b.p.
stage 2 t/erg-2F AGTAGGCGCGAGCTAAGCAG
t /erg-2R TAACTCTGCGCTCGTTCGTG
Detection of cxcr4 CXCRA4F- GGCCCTCAAGACCACAGTCA 352 b.p.
CXCR4R -TTAGCTGGAGTGAAAACTTGAAG
Positive control Iaber f- AAATGTTGGAGATCTGCCTGAAG 314 b.p.
Ib ber f - TTATCAAAGGAGCAGGGAAGAAG 305 b.p.
P190-R- TTGACTGGCGTGATGTAGTTGC
Detection of gstp1 F-GATTTGGGAAAG AGGGAAAGG 310 b.p.
R-CTAAAAACTCTAAACCCCATCC
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Fig. 1. Sketch of tmprss2/erg fused gene, rearrangement type t5/e4; t1-t5 — 1—>5 exons of tmprss2
gene; e4,e5,e6,e11 — 4,5,6 and 11 exons of erg gene

meric gene. As one can see from the figure, the
chimeric gene may include exons 1-5 (t1-t5) of
tmprss2 gene and exons of 4—11 or 5-10 of erg
gene. The maximum length of fragments after
PCR is 1021 b.p. (for the t5/e4 rearrangement
see Fig. 1 and Table 2).

Places of gaps that can occur during the for-
mation of fused gene are showed with vertical ar-
rows. The numbering is given in accordance with
sequence NM 005656 Homo sapiens transmem-
brane protease, serine 2 (tmprss2) mRNA and
NM 004449 Homo sapiens v-ets avian eryth-
roblastosis virus E26 oncogene homolog (ERG)
mRNA. Places of annealing of oligonucleotide
primers proposed to identify the gene rearrange-
ment are marked with horizontal arrows.

To detect the tmprss2/erg chimeric gene using
PCR, conditions for obtaining cDNA highly spe-
cificamplification product in an amount sufficient
for the further identification of DNA fragments
by electrophoresis in agarose gels have been opti-
mized. In order to create these conditions, cDNA
and DNA template sequences for PCR and se-
lected specific oligonucleotide primers have been
analyzed. The most important parameters of the
reaction mixture, the concentration of magne-
sium ions, the amount of enzyme (thermostable
Taq-polymerase), and the primer concentration
have been determined. The critical requirements
for temperature conditions were the temperature
of annealing of primers on the DNA template and
the denaturation temperature. Variations of time
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modes included ratio of the denaturation period
to the period of annealing of primers and optimal
time of fusion phase, as well as the total number
of complete cycles of reaction. Based on the re-
sults of study of these parameters the following
temperature-time modes have been proposed for
detecting the tmprss2/erg chimeric gene and abl
gene as positive control.

For the first stage of PCR the primers as listed
in Table 1 were selected; T, =59.3°Cand T, =
= 0.2 °C. Likely length of fragments after are gi-
ven in Fig.1 and Table 2. The primers were chosen
for the second phase of PCR; T = 59.3 °C and

T .= 02 °C. Likely length of | fragments after
PCR is specified in Fig. 1 and Table 3.

The first stage was testing the primers on sam-
ples of blood and urine of healthy donors. The
data are not presented.

The molecular diagnostic protocols have been
tested on urine cell samples after prostatic mas-
sage, night urine, and peripheral blood of patients
(patient A, no. 7272 (see Fig. 2) and patient B,
no. 7943 (see Fig. 3)).

Table 2

Most Likely Sizes of Amplificates
after the First Stage of PCR when Detecting
tmprss2/erg Chimeric Gene, b.p.

Erg\ tmprss2 t1 t2 t3 t4 t5
gene exons
e4 520 591 814 901 1021
e5 302 373 596 683 803
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Fig. 2. Electrophoregram of PCR analysis fragments of pa-
tient A with prostate cancer: 7 — cxcr4 amplificate, 352 b.p.
(RNA is extracted from patient’s tumor); 2 — cxcr4 ampli-
ficate, 352 b.p. (RNA is extracted from peripheral blood of
the patient); 3 — amplificate of tmprss2/erg fusion gene,
816 b.p. t4/e4 fusion type, according to data from Table 3
(RNA is extracted from urine after prostatic massage); 4 —
amplificate of tmprss2/e4 erg fusion gene, 816 b.p., t4d/ed
fusion type (RNA is extracted from peripheral blood); 5 —
DNA Ruler molecular weight marker, 100b.p.

Fig. 3. Electrophoregram of PCR analysis fragments of
patients B and C who had surgery for prostate cancer: 7 —
cxcrd amplificate, 352 b.p. (RNA is extracted from peripheral
blood of patient B); 2 — amplificate of tmprss2/erg fusion
gene (RNA is extracted from peripheral blood of patient B);
3 — DNA Ruler molecular weight marker, 100b.p.; 4 — cxcr4
amplificate, 352 b.p. (RNA is extracted from night urine of
patient C); 5 — amplificate of tmprss2/erg fusion gene (RNA
is extracted from night urine of patient C); 6 — cxcr4
amplificate, 352 b.p. (RNA is extracted from night urine of
patient C); 7 — cxcrd negative control (RNA is extracted
from night urine of healthy donors); 8 — positive control,
PCR reaction test

Table 3

Most Likely Sizes of Amplificates
after the Second Stage of PCR when Detecting
tmprss2/erg Chimeric Gene, b.p.

Erg / tmprss2 t1 t2 t3 t4 t5
gene exons
e4 435 506 729 816 936
e5 217 288 511 598 718
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Molecular genetic identification
of pca3 and psa gene transcripts and their use
for the diagnosis of prostate cancer

Among the promising markers for the diagno-
sis of prostate cancer there is pca3 gene (prostate
cancer antigen-3, formerly known as dd3). For
the first time, the mRNA overexpression of this
gene was reported in 1999 [7]. In particular, it
was showed that the expression in the tumor cells
grows 70—100 times as compared with that in the
normal prostate cells. Later, these results were
confirmed in [8—10]. The pca3 gene is localized
in 9 human chromosome, in the area of 9q 21-22.
After splicing in mRNA, it is represented mainly
by three forms containing areas of three exons (1,
3, and 4) of various length [11]. The transcripts
containing the 2" exon have been described also,
but they have not been detected in the samples
with tissue hypertrophy [12]. So far, there have
been no reliable data on possible correlation of
prostate tissue pca3 mRNA expression and tumor
status or aggressive nature of disease.

In 2003, it was showed [9] that the pca3 ex-
pression could be analyzed using cells derived
from patient urine after prostate massage. This
means that molecular diagnostics can be made
without prostate biopsy. Together with the wide-
spread introduction of quantitative polymerase
chain reaction into the clinical practice it created
preconditions for the use of these indices in the
diagnostic system.

Insofar as unlike the pca3 mRNA expression,
that of psa mRNA has no significant difference
for normal and tumor prostate cells, it enables
normalizing quantity of pca3 mRNA during mo-
lecular genetic tests. The psa gene known also as
klk3 (kallikrein-related peptidase 3) gene is local-
ized on the 19" human chromosome (19q13.33).
Three major and several minor forms of the gene
transcripts have been described, but the area cor-
responding to exons 1-2 is conservative for ma-
jority of psa mRNA. As stated above, after splic-
ing in mRNA the pca3 is presented by 3 exons (1,
3, and 4) of different length.
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Fig. 4. 1dentification of promoter methylation of GSTP1 gene in patients with genitourinary neoplasms: A — MS-PCR after
bisulphite treatment of DNA samples from urine of patients with malignant tumors; 7—4 — kidney malignant tumors; M —
M-Ladder molecular weight marker, 100 b.p. (gstp? primer); B — MS-PCR after bisulphite treatment of DNA samples from
urine of patients with malignant tumors; 7—4 — kidney malignant tumors; M — M-Ladder molecular weight marker, 100 b.p.
(primer for alkaline phosphatase); C — MS-PCR after bisulphite treatment of DNA samples from urine of patients with
malignant tumors; 5 [n0.7110], 6 [no.164] — kidney malignant tumors 7 — bladder malignant neoplasm [no. 6352], 8 —
prostate cancer (RNA is extracted from night urine of patient A [n0.7272]); M — M-Ladder molecular weight marker, 100 b.p.
(gstp1 primer); D — MS-PCR after bisulphite treatment of DNA samples from blood of patients with malignant tumors; 7, 2,
3 — kidney malignant tumors, 7 — bladder malignant neoplasm, 8 — prostate cancer (RNA is extracted from blood of patient A);
K - control (healthy donor blood); M — M-Ladder molecular weight marker, 100 b.p. (gstp 7 primer)

Insofar as for quantitative PCR, the PCR
product length should not exceed 200 b.p., sev-
eral pairs of primers (two pairs of oligonucleotide
primers in the fusion area of exons 1-3 and a
pair of primers in the fusion area of exons 3—4)
were created to identify all possible mRNA. The
primers were selected according to the sequence
of Homo sapiens prostate cancer antigen 3 (non-
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protein coding) (PCA3) NR_015342. To detect
psa gene mRNA, the primers specific to the con-
servative areas of exons 1-2 of this gene were se-
lected according to the sequence of Homo sapi-
ens kallikrein-related peptidase 3 (KLK3) tran-
script variant 1 mRNA NM_001648.2. The main
parameter used in the analysis of expression is
pca3 score defined as ratio of pca3 expression to
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psa in mRNA. So far, the threshold value of this
parameter has not been determined. In most cas-
es, today, 35 is considered to be a value at which
probability of confirmation of prostate cancer
by biopsy is about 40% (at a test sensitivity of
53% and a specificity of 74%). Lowering of the
threshold to 20 results in a decrease in specificity
to 72% with biopsy confirmation probability of
35%, but reduces the number of false negative re-
sults. However, at both thresholds the use of pca3
score is more informative and prognostically sig-
nificant than the analysis of psa level or free psa
percentage used in clinical practice [13].

Determination of methylation status of gsip7 gene
promoter section in the patients with malignant tumors
of the genitourinary system by methyl-PCR method

The inhibition of glutathione and antioxidant
enzymes is among the main factors of the devel-
opment of cancer [14]. Multifunctional enzyme
glutathione-S-transferase (gstp1) plays a key
role in blocking the development of oxidative
stress by glutathione SH-dependent conjugation
of xenobiotics, mutagens, and carcinogens and
protects the cells from the genotoxic factors and
apoptosis [15—17].

Reduced glutathione content is one of the key
factors of carcinogenesis caused by inhibition
of the expression of glutathione-S-transferase
(gstp1) [18, 19]. Kidney cancer together with
prostate cancer is one of the most common dis-
eases of human genitourinary system, with the
gstpl gen being a characteristic biomarker [20,
21]. The gstp1 gene is the major isoform of glu-
tathione transferase in almost all types of hu-
man cells, except for hepatocytes [17]. However,
changes in gstp1 gene expression are typical for
many tumor types. Depending on type of tumor,
there has been reported suppression or enhance-
ment of its expression as compared with normal
cells [16]. Since the inhibition of gstp1 gene ex-
pression is associated with the initiation and
progression of carcinogenesis, the regulation of
gstpl gene expression is important for diagnos-
ing the disease.
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The gstp1 gene has a size of about 2.8 kb and
contains 7 exons separated by 6 introns. The fi-
nal section of gstp1 gene is characterized by a
high content of C+G nucleotides. Thus, within
the interval from —100 to +300 b.p. with respect
to the start of initiation, the fragment contains
72% C+G nucleotides, with the content of CpG
dinucleotides reaching 9.2%, which is significant-
ly higher than the average value for the human
genome [16]. This indicates the existence of so-
called CpG island in the promoter area of gstp1
gene characterized by constitutive hypo-methy-
lation of CpG-dinucleotides under physiological
conditions.

Among the epigenetic pathologies accompany-
ing the progressing genitourinary cancer (includ-
ing kidney cancer), the aberrant DNA methyla-
tion of gstp1 promoter is of particular importance
[18—21]. Using the DNA bisulphite treatment
and sensitive methyl-specific PCR (MS-PCR)
[22] underlying the analysis of gene promoter
methylation, the status of aberrant methylation
of gstp1 gene promoter in patients with cancer
of the genitourinary system. For the analysis of
promoter methylation, methyl-specific primers
to unmethylated areas of gstpl gene promoter
corresponding to the normal expression of gstp1
gene were selected and synthesized by MS-PCR
(5-GATTT GGGAAAG AGGGAAAGG-3’ (for-
ward) and 5-CTAAAAACTCTAAACCCCA-
TCC-3’ (reverse)) method in real time.

The MS-PCR method in real time has showed
an aberrant DNA methylation of gstp1 gene pro-
moter in the pathogenesis of patients, in their
urine samples, in the absence of amplification
product of 310 b.p., whereas in the peripheral
blood, a physiologically unmethylated condi-
tion of gstpl gene promoter in the presence of
amplification product of 310 b.p. is reported
(Fig. 4). An alkaline phosphatase gene was a
reference that did not indicate an abnormal pro-
moter methylation by the respective primers to
the unmethylated state of its promoter and by
the presence of appropriate amplification pro-
duct of 175 b.p.
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The results of this research are important pri-
marily for diagnosing the status of disease dur-
ing the treatment of kidney and prostate cancer
based on the urine samples of patients (Fig. 4).

CONCLUSIONS

Modern diagnostics of genitourinary intractable
diseases should include effective molecular diagnos-
tic protocols that detect the genetic changes spe-
cific to the different nosological forms. The study
and implementation of molecular genetic markers
of urogenital cancers and the assessment of early
metastasis will significantly complement the diag-
nostic arsenal, will allow the specialists to detect
the disease in preclinical and early stage and to opti-
mize the choice of treatment strategy, as well as will
significantly improve the quality and length of life.

The tested molecular biological approaches
(the detection of tmprss2/erg rearrangement
by RT-PCR, the determination of expression
of psa3/psa and cxcr4d genes using the quantita-
tive PCR method, and the identification of the
status of gstpl gene promoter area methylation
with the help of MS PCR) allow the specialists
(especially, if combined) to raise the sensitivity
and specificity of diagnosis. These techniques are
non-invasive and can be used for early diagnosis
and monitoring during the treatment. Currently,
these methods are being optimized to apply to
the prostate neoplasms, as well as to the bladder
and kidney cancers and introduced into the diag-
nostic practices in Ukraine.
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! TucruryT MoJieKyJsiproi Giosorii i renernkn HAH
Ykpainu, Kuis
? Hamntionaspauit iHcTUTyT paky, Kuis
PO3POBKA I TECTYBAHHS KOMITJIEKCHOT

MOJIEKYJIAPHO-TEHETUYHOT JIATHOCTUKU
HOBOYTBOPEHb CEUOCTATEBOI CUCTEMU

Pospobsieria i mporecToBaHa CHCTEMa KOMILIEKCHOI
HEIHBa3WBHOI MiaTHOCTUKN HOBOYTBOPEHb CEYOCTATEBOI
CHCTEMHU Ha OCHOBI BUKOPUCTAHHS MOJIEKYISIPHO-TeHeTH Y-
HUX TIOKa3HWUKIB — BHU3HAYEHHs HASIBHOCTI tmprss/erg
nepeGyoBU METOIOM 3BOPOTHBO-TPAHCKPHUIITA3HOI JIaH-
mioroBoi peakiii (ITJIP), piBust excrpecii reniB pca3/psa
ta cxcr4 3a pomomoroio kimbkicuoi IIJIP,  crarycy
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METHJIIOBAHHS TMPOMOTOPHOI [iAgHKM TeHa gstpl 3a
JoroMoroio MeTus-crerudiunoi [TJIP,

Knwouoei crosa: niarHoCTUKA, 3JI0SIKiCHI HOBOYTBOPEH-
Hs CEYOCTATEBOI CUCTEMH, TeHUu tmprss2, erg, pca3, psa,
gstp1, cxcrd.

I /T. Tenezees’, JLA. Honuwyx!,
T.IO. Jluceyxas’, JLII. Illsauxo’, M.B. [vi6xo6’,
A.E. Cmaxoecxuii? , FO.B. Bumpyx?®, E.A. Cmaxoecxuii®

! MucruTyT MosteKyJIsipHOit 6uosoruu u renerukn HAH
Ykpaunnl, Kuen
2 HaroHaIbHbIH MHCTUTYT paka, Kues

PA3BPABOTKA I TECTUPOBAHUE
KOMIIJIEKCHOM
MOJIEKYJISIPHO-TEHETUYECKO
JIMATHOCTUKU HOBOOBPA3OBAHN
MOYEIIOJIOBOM CUCTEMbBI

Paspaborana n MmpoTecTHPOBaHA CHCTEMA KOMIIEKCHON
HEMHBA3UBHO JMArHOCTUKH HOBOOOPA30BaHWUil MOYEIO-
JIOBOII CHICTEMBI HA OCHOBE MCIIOTb30BAHUS MOJIEKYJISIPHO-
TeHeTUYeCKUX TIoKas3areseit oTipejiesieHIIe HATMYHS
tmprss2/erg mepecTpOiKN MeTOIOM 00pPATHO-TPAHCKPHII-
tazHo# mermHoi peaknnu (IILP), ypoBHs akcnpeccuu re-
HOB pca3/psa u cxcrd ¢ nomotnipio kKomundectBernnoit IT1TP,
cTatyca MEeTHJINPOBAHM IPOMOTOPHOIT ydacTKa reHa gstp 1
¢ moMoTbio MeTui-crerudunyeckoit [TITP.

Knwouesvie cio6a: TMarHoCTUKA, 3JI0Ka4eCTBEHHbIE HO-
BOOOPA30BaHKs MOUYEIIOJIOBOU CUCTEMDbI, T€HbI {mprss2, erg,
pcas, psa, gstp1, cxcrd.
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