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ABBREVIATIONS

AA — abiraterone acetate

ABI — Applied Biosystems

AC — asymptomatic controls

ADT - androgen deprivation therapy

AR or AR-FL — full length androgen receptor
ARE — androgen response elements

AR-V — androgen receptor variant

AUC - area under the ROC curve

BCR — biochemical recurrence

bp — base pair

BPH — benign prostatic hyperplasia

cDNA — copy/complementary DNA

Cl — confidence interval

CRPC - castration resistant prostate cancer

Cq — cycle of quantification (former Ct)

Ct — threshold cycle

CTC — circulating tumor cells

dNTP — deoxynucleotide triphosphate

FC — fold change

G — Gleason

HR — hazard ratio

ISUP — International Society of Urological Pathology
MiRNA — microRNA

nt — nucleotide

OS - overall survival

PFS — progression-free survival

PSA — prostate specific antigen

PCa — prostate cancer

pT — pathological stage

ROC curve — receiver operating characteristic curve
RP — radical prostatectomy

rpm — revolutions per minute

RT — reverse transcription/transcriptase

RT-gPCR — quantitative reverse transcription PCR
TLDA — TagMan Low Density Array
TMPRSS2-ERG - fusion transcript of TMPRSS2 and ERG genes formed by
translocation/deletion

TFS — Thermo Fisher Scientific



INTRODUCTION

Prostate cancer (PCa) is the most prevalent oncologic disease in
Lithuania and world-wide, especially in western countries [Bray et
al., 2018; Ferlay et al., 2019]. Despite the fact that older men and
men at other risk groups are screened for prostate specific antigen
(PSA), and new diagnostic tests are being developed, the morbidity
and mortality of PCa remains very high in elderly men. Current
methods used in PCa diagnostics, such as PSA test, digital rectal
examination, systemic biopsy, etc., are quite sensitive but lack
specificity, due to high rates of false-positive PCa cases detected.
Although local PCa treatment is quite effective and aggressive
disease develops for a minority of patients, clinically significant PCa
cases are associated with worse prognosis and shorter survival.
Castration resistant prostate cancer (CRPC) remains incurable and is
the leading cause of death from PCa. New drugs have improved
survival and quality of life in patients with CRPC over the past
decade [Berg et al., 2017]: new taxanes docetaxel and cabazitaxel,
radionuclide Ra-233, immunotherapy drug sipuleucel-T and next-
generation antiandrogens, such as androgen receptor inhibitors
enzalutamide and apalutamide and androgen synthesis inhibitor
abiraterone acetate [Nuhn et al., 2019]. However, due to the
heterogeneous nature of CRPC, approximately 20-40% of patients
are already resistant to these new drugs [de Bono et al., 2011; Ryan
etal., 2013].

The development of cancer affects all processes in the cell,
including the regulation of MiRNA expression. miRNAs are short
non-coding ~22 nt long RNAs playing an important role in the
physiological processes of most eukaryotes. Depending on the
complementarity level between miRNA regulatory region and target,
gene expression is silenced in two main ways: by blocking the
protein translation or by inducing mRNA degradation [Willard and
Koochekpour, 2012]. The regulation of gene expression by miRNAS



is important for cellular processes, as abnormalities lead to the
development of various heart, nervous system, inflammatory,
autoimmune diseases and cancers, including PCa [Naeini and
Ardekani, 2009]. In cancer research, terms such as onkomiR and
tumor suppressor miRNA have been known for a long time, but due
to the importance of miRNA expression context (tissue, organ, stage,
etc.) unambiguous mMiRNA separation is not possible [Tong and
Nemunaitis, 2008]. The growing body of evidence has shown that
mMiRNA expression profiles differ not only between cancerous and
noncancerous tissues but also between different cancer types and
subtypes [Naeini and Ardekani, 2009; Di Leva and Croce, 2013;
Silva-Sanos et al. 2014]. miRNA expression also differs between
early and late stage cancers and depends on the disease
aggressiveness [Brase et al., 2011; Shen et al., 2012]. Comparison of
cancerous and noncancerous prostate tissues results in the
identification of a specific mMiRNA expression profile that changes
with the development of the disease. An important discovery was
made when miRNAs were detected in body fluids such as blood
[Selth et al., 2012; Cheng et al., 2013; Huang et al., 2015], urine
[Corcoran et al., 2014], seminal fluid [Guzel et al., 2015]. Urine
being a completely non-invasively collected material, urine-
circulating miRNAs may become sensitive, noninvasive tools for
PCa diagnostic, prognostic, and predictive purposes [Balacescu et al.,
2017]. However, to date there are no published miRNA studies in
CRPC urine.

Studies show that the androgen receptor (AR) signaling pathway
remains active in CRPC and plays an important role in its
development and progression. One reactivation mechanism could be
AR splicing variants (AR-Vs) which lack a ligand binding domain
and are constitutively active. Since the discovery, AR-V have been
associated with primary and acquired resistance to antiandrogen
drugs [Dehm et al., 2008; Guo et al., 2009; Hu et al., 2009; Sun et
al.,, 2010]. Currently, there are more than 20 AR-Vs known



[Paliouras et al., 2016], but due to the highest prevalence AR-V7 is
the most widely studied AR-V [Scher et al., 2017]. Detection of AR-
V7 in fluid biopsy has significantly increased the number of clinical
trials and commercial tests. However, for a better understanding of
CRPC carcinogenesis and heterogeneity a broader spectrum of
comprehensive AR-V studies is still lacking [Antonarakis et al.,
2014; Steinestel et al., 2015; Antonarakis et al., 2017].

The aim of this study was to select prostate cancer-specific
miRNA and androgen receptor variants as biomarkers for analysis in
urine and blood and to assess their diagnostic, prognostic value and
ability to predict response to treatment.

Objectives:

1. To analyze miRNA expression profile in cancerous and
noncancerous prostate specimens, to validate selected targets in a
larger cohort and to evaluate the correlations with clinical-
pathological parameters.

2. To analyze the selected miRNAs (miR-148a, -365, -375, and -
429) in urine collected from patients with PCa, benign prostatic
hyperplasia (BPH) and asymptomatic controls (AC) and evaluate
the diagnostic potential.

3. To analyze the selected miRNAs (miR-19a /19b, -21) in urine
collected from PCa and BPH patients and to evaluate the
diagnostic and prognostic potential.

4. To analyze the selected miRNAs (miR-148a, -365, -375, and -
429) in urine collected from castration resistant PCa (CRPC)
patients, to compare with urine from indolent PCa cases and
controls and to evaluate the prognostic potential as well as the
suitability to predict the sensitivity to abiraterone acetate (AA)
treatment.

5. To investigate the expression of androgen receptor (AR-FL) and
AR variants (AR-Vs: AR-V1, -V3, and -V7) in cancerous and
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noncancerous prostate specimens and to evaluate the association
with clinical-pathological characteristics as well as the prognostic
potential.

6. To analyze AR-FL and AR-V transcripts in blood collected from
CRPC patients and controls and to evaluate the prognostic
potential.

Scientific novelty and practical value of the study

In this study, for the first time in Lithuania, miRNA expression
profile was evaluated in prostate specimens and dozens of miRNAs
were found deregulated in tumor tissue. After the associations with
clinical-pathological variables of PCa were analysed, miRNAs
showing the most significant associations were selected for the
investigation in numerous urine samples collected from PCa patients
and controls. The study showed that miRNA analysis in
noninvasively collected urine samples would allow to specifically
diagnose PCa at early stages and to predict the biochemical recurrent
disease. There is a lack of sensitive and specific biomarkers to
distinguish clinically relevant PCa cases and avoid overtreatment.
Therefore, urinary miRNAs that correlate with the clinical-
pathological characteristics of PCa and outperform the specificity of
PSA test could be applied in PCa diagnostics.

The most PCa-specific miRNAs were selected for the analysis in
urine collected from castration resistant prostate cancer (CRPC)
patients for the first time. Changes in miRNA level detected in urine
samples collected before the initiation of treatment with abiraterone
acetate (AA) were associated with shorter progression-free survival
(PFS) and overall survival (OS). CRPC is an incurable disease;
therefore the medications can only prolong the survival. Over time,
all patients become resistant to the prescribed medications, while a
large proportion of patients have primary resistance. For these
reasons it is very important to choose the most appropriate treatment
for each individual case and to refine the treatment regimens.

10



In this study, the expression of androgen receptor (AR-FL) and
AR variants (AR-Vs) was evaluated in prostate specimens of
Lithuanian patients with CRPC. After significant associations with
the more aggressive course of the disease were found in tissue
analysis, AR transcripts were analyzed in CRPC patients blood
collected before and during AA treatment. For the first time, whole
blood-circulating AR-V1 and AR-V3 were tested, and higher levels
of transcripts were associated with shorter PFS and OS. The AR
signaling pathway not only remains active in the development of
CRPC, but plays a key role. The AR-V analysis is useful for a better
understanding of CRPC heterogeneity and the biological resistance
mechanisms, and may help to improve the prescribing the existing
and developing new drugs.

Statements to be defended

1. miR-148a, -365, -375, and -429 are PCa-specific and /or have
significant associations with clinical-pathological parameters of
PCa and could therefore be used to refine the diagnosis of PCa.

2. The combination of urinary miR-148a and miR-375 is a sensitive
molecular tool for noninvasive diagnosis of PCa, while the
combination of miR-19b and miR-19a/b specifically predicts
biochemical recurrence.

3. The combination of urinary miR-375 and -429 specifically
distinguishes CRPC from PCa and controls.

4. In patients treated with abiraterone acetate (AA), urinary miR-148
predicts progression-free survival, while the combination of miR-
148a and miR-375 predicts overall survival.

5. Increased expression of AR-V1 and -V7 in cancerous prostate
tissues is characteristic to aggressive course of PCa, and AR-V7
expression predicts biochemical recurrence after radical
prostatectomy.
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6. Higher level of AR-FL and -V1 transcripts in AA-treated CRPC
patients blood predicts progression-free survival and overall
survival.
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MATERIAL AND METHODS

Patients and samples

Specimens for miRNA analysis (tissue and/or urine) were collected
prospectively from 237 PSA-screened and biopsy-proven PCa
patients who subsequently underwent radical prostatectomy (RP) at
the Urology Department of Vilnius University Hospital Santariskiu
Clinics from January 2008 to January 2014. For comparison, urine
specimens from 23 benign prostatic hyperplasia (BPH) patients and
62 asymptomatic control (AC) men with PSA level <3 ng/mL were
collected. The study was approved by the Lithuanian Bioethics
Committee (2007-11-23 No. 50 and 2011-09-07 No. 6B-11-275),
and all patients gave informed consent for participation. The research
was a part of a large-scale PCa biomarker study started at 2008 and
conducted according to standardized protocols of sample collection
and processing reported previously [Sabaliauskaite et al, 2012;
Daniunaite et al, 2014]. Cancerous (>70% of tumor cells) and non-
cancerous (0%) prostatectomy tissues were sampled by expert
histopathologist as reported [Sabaliauskaite et al, 2012; Daniunaite et
al, 2014] and prepared for molecular analysis. BCR following RP
was defined by two consecutive PSA values of >0.2 ng/mL and
rising. The fusion transcript TMPRSS2-ERG status of the tumors was
known from our previous studies [Sabaliauskaite et al, 2012;
Demidenko et al, 2015].

For circulating miRNA extraction, urine from two independent
cohorts was used. Detailed data of all the study groups are provided
in Table 1.

1. Preoperative catheterized urine was available from the first cohort
(PCal, N=143) and BPH cases (N=23). The mean follow-up
period of PCal cohort was 2.7 years, and the follow-up data were
collected for 91.6% (131/143) cases.
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2. Initial voided urine was collected before the surgery from the
second cohort (PCa2, (N=72) and AC cases (N=62). PCa2 had
shorter mean follow-up period (1.0 year), and follow-up data
were missing for a set (18 out of 72) of the cases. ASC cases were
age-matched (mean 63.3 years) to both the PCa groups.

Urine samples from both PCa cohorts and controls were
processed using the same protocol: 30 ml of urine was centrifuged at
1000 rpm for 15 min at 4 °C and up to 1.5 ml of lower fraction was
collected. PBS-washed and suspended urine specimens were stored
at -70 °C until use.
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Table 1. Clinical-pathological characteristics of patients with prostate
cancer (PCa), benign prostatic hyperplasia (BPH) and asymptomatic
controls (AC)

Samples, N Tissue, 72 Urine, 300
PCa, PCal, PCa2,
Variable 56 NPT, 16 143 72 BPH, 23 | AC, 62
meantSEM, | 61 6409 | 62.0:06 | 614406 | 617209 | 742414 | 833
S | yrs *1.2
< | range, yrs 48-73 53-70 42-74 41-73 59-83 30-81
6:n (%) 20 (35.7) 75(52.4) | 15 (208)
o | >7n ) 36 (64.3) | - 68 (47.6) | 56(77.8) | - -
Unk.; n (%) - - 1(1.4)
) , 118
R <(3+4);n (%) | 49 (87.5) 625) 53 (73.6)
BE| 2@ | 7125 |- 10(7.0) | 18(25.0) | - -
Z| Unk.;n (%) - 15(10.5) | 1 (1.4)
<20 (%) 38 (67.9) (1715 3 55 (76.4)
S | 30 %) 18(321) | - 31(2L7) | 16(222) | - ;
Unk.; n (%) - - 1(1.4)
Yes; n (%) 18 (32.1) 26(182) | 9(12.5)
5 S 105
S | No; n (%) 37(66.1) | - 734) 45(625) | - -
Unk;n () | 1(18) 12(84) | 18(25.0)
$ | meansSEM. | 1405 | 6618 | 97410 | B85:09 | 7.8+13
o | ng/ml
g range, ng/ml 2.8-84.2 2.6-17.0 0.1-84.2 2.3-38.0 0.8-28.1 -
3 | unk:in©e) | 2(36) - 3(2.1) - 2(8.7)
Yes; n (%) 37 (66.1) 56 (39.2) | 16 (22.2)
| No; n (%) 19(33.9) | - 41(28.7) | 10(139) | - -
Unk;n (%) | - 46 (32.2) | 46(63.9)
s | Pos;n (%) 22 (39.3)
o | Neg.;n (%) 34 (60.7) - - - - -
@ | Unk.;n (%) -

Abbreviations: BCR — biochemical recurrence; G — Gleason score; NPT —
non-cancerous prostate tissue; pT — pathological stage; Surg. M. — status of
surgical margins; T-E — TMPRSS2-ERG fusion gene status; Unk —
unknown.
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Analysis of AR transcripts expression in prostate tissues was done
with specimens selected from abovementioned PCal and PCa2
cohorts. We analyzed 100 cancerous and 12 noncancerous tissue
samples in prostatectomy specimens from 112 men. Data for
prostate-specific antigen progression-free survival were available for
98 patients. Within median follow-up of 30.5 months, 27 out of 98
patients (27.6%) developed biochemical recurrence (BCR). For
analysis of AR transcripts in blood and miRNA analysis in urine,
blood and urine samples were collected from castration resistant
prostate cancer (CRPC) patients. Samples were collected
prospectively between February 2017 and November 2018 from 102
metastatic CRPC patients treated in the National Cancer Institute,
Vilnius, with treatment scheme that included abiraterone acetate
(AA) as a first or second line selection. 2.5 mL of blood (PAXgene
Blood RNA Tubes) and urine samples were collected at initiation of
the treatment (AA-0) and every 6th month afterwards or at the time
of disease progression (AA-1/2). Disease progression was defined
when any two of three criteria were fulfilled: PSA progression,
radiologic progression and/or clinical deterioration. For comparison,
blood samples from 14 age-matched asymptomatic men were
collected (age median 63.0 years). All patients gave informed
consent for participation and the National Bioethics Committee
approval (No. 158200-17-874-411) was obtained.

Progression-free survival (PFS) and overall survival (OS) were
defined as the time from the initiation of the AA treatment until
documented evidence of the disease progression or death from any
cause, with follow-up available for 98/102 (96.1%) cases (the
treatment outcome of 4 patients was unknown). Based on PFS, all
patients were stratified into treatment response groups: extended
response (>8 months; ER), medium (3-8 months; MR) and short (<3
months; SR). Eleven patients who started AA treatment but decided
to discontinue and died within a few months were assigned to the SR
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group. Detailed clinical-pathological characteristics of CRPC
patients are summarized in Table 2.

Table 2. Clinico-pathological characteristics of patients with castration
resistant prostate cancer in blood sample study

Parameter Value
CRPC patients, N 102
Median age at PCa diagnosis, yr (IQR) 67.9 (11.1)
Median age at CRPC diagnosis, yr (IQR) 75.4 (11.4)
ISUP grade group (biopsy)

<2; N (%) 57 (55.9)

3; N (%) 11 (10.8)

>4; N (%) 25 (24.5)

Unknown; N (%) 9 (8.8)
Clinical T stage, cT

<2; N (%) 33 (32.4)

>3; N (%) 65 (63.7)

Unknown; N (%) 4(3.9)
Radical treatment

Yes; N (%) 41 (40.2)

No; N (%) 59 (57.8)

Unknown; N (%) 2 (2.0)
Median response to first-line ADT, mo (IQR) 40.0 (73.5)
Bone metastasis prior AA treatment

Yes; N (%) 87 (85.3)

No; N (%) 15 (14.7)
Visceral metastasis prior AA treatment

Yes; N (%) 10 (9.8)

No; N (%) 92 (90.2)
Lymph node metastasis prior AA treatment

Regional; N (%) 31 (30.4)

Non-regional; N (%) 21 (20.6)

Both; N (%) 16 (15.7)

None; N (%) 66 (64.7)
Volume of metastases prior AA treatment®

Low; N (%) 38 (37.3)

High; N (%) 64 (62.7)
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Table 2. Continued.

Parameter Value
Median PSA before treatment with AA, ng/mL (IQR) 39.4 (80.0)
AA treatment

1% line; N (%) 88 (86.3)

2" line, after DTX; N (%) 14 (13.7)
Median PFS, mo (IQR) 8.9 (7.3)
Deceased

Yes; N (%) 56 (54.9)

No; N (%) 45 (44.1)
Median OS, mo (IQR) 16.6 (14.6)

AA — abiraterone acetate; ADT — androgen deprivation therapy; CRPC —
castration-resistant prostate cancer; DTX — docetaxel; IQR — interquartile
range; ISUP — International Society of Urological Pathology; PCa — prostate
cancer; PFS — progression-free survival; PSA — prostate-specific antigen.

# High volume was defined as the presence of visceral metastases and/or
>4 bone lesions with >1 beyond the vertebral bodies and pelvis and/or
lymph node metastases above the diaphragm.

RNA expression analysis

Total RNA from prostate tissue was extracted by using mirVana
miRNA Isolation Kit (Ambion, Thermo Fisher Scientific, TFS) and
TRIzol reagent (TFS), from urine — by using miRNeasy Mini Kit
(Qiagen), and from blood — by using PAXgene Blood miRNA Kit
(PreAnalytiX, QIAGEN/BD  Company) and  following
manufacturers® instructions. RNA quality was evaluated by using
NanoDrop 2000 spectrophotometer (Thermo Scientific) and 2100
Bioanalyzer (Agilent Technologies, AT) and stored at -80 °C
temperature until use.

Extracted RNA was reverse transcribed into cDNA using the
TagMan MicroRNA Reverse Transcription Kit (ABI, TFS), while for
AR transcript expression analysis in tissue Maxima® First Strand
cDNA Synthesis Kit for RT-gPCR with dsDNase (TFS) was used,
and SuperScript™ IIT One-Step RT-PCR System with Platinum™
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Tag DNA Polymerase (Invitrogen, TFS) was applied for AR
transcript analysis in blood. In all cases, manufacturers
recommendations were followed.

For the global miRNA expression profiling, total RNA was
hybridized onto Human miRNA 8x60 K format microarrays (Agilent
Technologies, AT) based on miRBase Release 16.0 by using miRNA
Complete Labeling and Hyb Kit (AT) and by following
manufacturer's protocol.

Quantitative reverse transcription PCR (RT-gPCR) was used to
evaluate miRNA and AR transcripts expression in tissue and
abundancy in urine and blood. For miRNA screening and validation,
Human MicroRNA A+B TagMan Low Density Arrays (TLDA)
cards Set v.3.0 and Custom made TLDA arrays were used,
respectively (ABI, TFS). For the analysis of AR transcripts in
prostate tissue, primers were chosen from publications, while
Custom TagMan Gene Expression Assays were used for synthetic
gene KLK3-IC and AR transcript variants AR-V1, -V3, and -V7
analysis in blood (ABI, TFS). TagMan Human MiRNA Assays were
used for miR-148a, -365, -375, and -429 abundance evaluation in
urine (000470, 001020, 000564, and 001024, respectively (ABI,
TFS). In all cases, manufacturers® protocols were followed.

Statistical analysis

Global miRNA expression analysis by microarrays was performed
on GeneSpring GX v13.0 (Agilent Technologies) software. For the
comparison of two groups, the unpaired t-test was applied. A
difference was considered statistically significant when P value was
<0.050 and a fold change (FC) value was >1.5. In urine and blood
analysis, variation in RNA isolation efficiency was eliminated by
scaling all the values to the spike-in control (cel-miR-39 and KLK3-
IC, respectively). For gene expression analysis, obtained Ct values
were normalized by using the AACt method: for miRNA analysis,
global normalization was applied, while reference genes were used
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for AR transcripts in tissue (HPRT1) and in blood (TBP and GUSB).
Values were next adapted to relative quantities and log2 normalized
for the statistical comparisons. Gene expression analysis was
performed on GenEx (MultiD analyses). The level of urinary miRNA
and AR-FL in blood was dichotomized into high and low according
to median value, while the level of AR-Vs — according to the highest
Ct value detected in controls. Transcript expression (in the tissue
study) and transcript level (in the urine and blood study) between the
patients’ groups were compared by using the two-sided Student’s t-
test. Spearman’s and Pearson’s correlation coefficients was
calculated to evaluate correlations by using STATISTICA v.8.0
software. The sensitivity and specificity of diagnostic tests were
evaluated using Receiver Operating Characteristic (ROC) curves,
and the area under the ROC curve (AUC) was calculated to evaluate
how well diagnostic groups are distinguished. To combine
biomarkers, logistic regression analysis was applied. The univariate
and multivariable Cox proportional hazards regression analysis (with
backward variable selection) was used to assess significant predictors
of PFS and OS, and hazard ratios (HR) with 95% confidence
intervals (Cl) were calculated by using MedCalc v18.6 software.
Kaplan-Meier curves were depicted and the Log-rank (Mantel-Cox)
test was applied by using GraphPad Prism v5.3 to support the
survival analyses. P value <0.050 was considered statistically
significant. Graphs were depicted with GraphPad Prism v5.3, Online
Chart Tool, and Venn Diagram Plotter v1.5.
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RESULTS

mMiRNAs for PCa diagnostics

miRNA expression profile was evaluated in 54 PCa specimens
(42 cancerous and 12 noncancerous) [Stuopelyte et al., 2016a]. Out
of 754 available miRNAs, 412 (54.6%) met the preanalysis criteria
and were included in the main statistical analysis. After comparing
cancerous and noncancerous prostate specimens, the expression of
113 miRNAs was significantly (P<0.05) deregulated: 55 miRNAs
were upregulated and 58 downregulated. Dozens of deregulated
miRNAs were detected when miRNA expression was compared
between groups, distributed according to clinical-pathological PCa
characteristics: BCR, pathological tumor stage and differentiation,
TMPRSS2-ERG (T-E) fusion transcript status, diagnostic PSA, and,
surgical margins).

Eighteen miRNAs were selected for validation in 62 PCa
specimens (52 cancerous and 12 noncancerous). Eleven were
significantly deregulated in cancerous vs. noncancerous tissues: the
expression of miR-93*, 183*, -92a, -106b, -19b, -19a-, 148a, -375, -
17, and -340 was upregulated and miR-31 — downregulated.
Additionally, 7 miRNAs were added from mentioned clinical-
pathological comparisons: miR-365 and miR-505* were associated
with BCR, while let-7b, miR-20a, -21, -195, and -429 — with T-E
fusion transcript.

After validation step, as well as in previous step, the expression of
miR-148a, -375, and -19a was significantly increased in cancerous
prostate specimens vs. noncancerous (P=0.027, P=0.015, and
P=0.024, respectively). Out of clinical-pathological characteristics,
miR-429 was upregulated in T-E positive tumors (P=0.008), miR-
505* in BCR cases (P=0.048), as well as miR-429 (P<0.001), -31
(P=0.005), -365 (P=0.007), and let-7 (P=0.022) in well differentiated
tumors (G<(3+4) and G<6). Also miR-429 negatively correlated with
PSA concentration in serum (Pearson r = -0.6, P<0.0001).
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miR-148a, -365, -375, and -429 were selected for the analysis in
300 urine samples, collected from 215 PCa cases and 85 controls
(BPH and AC). After comparing miRNA level in PCal (N = 143) vs.
BHP (N = 23) urine, miR-375 level was statistically significant
higher in urine collected from PCa patients (P < 0.001; FC 2.4),
while the level of miR-148a was markedly lower (P < 0.001; FC -
2.0). In PCa2 (N = 72) vs. AC (N = 62) comparison, analogical
associations were detected for miR-148a and miR-375 and
additionally urinary miR-365 level was found to be lower in PCa (P
< 0.001; FC -1.6). In joint analysis of these two independent cohorts
and controls (PCal+2, N = 215 vs. BPH+AC, N = 85), the level of
miR-375 remained higher, while miR-148a and miR-365 — lower in
PCa urine (P <0.001; FC 1.7, FC -1.7, and FC -1.2, respectively).

The diagnostic potential of miR-148a and miR-375 was evaluated
by ROC analysis in abovementioned respective cohorts and controls.
In PCal vs. BPH comparison, AUC values for miR-148a and miR-
375 were 0.78 and 0.82, respectively (Fig. 1A and B), while in PCa2
vs. AC comparison AUC values for these miRNAs respectively were
0.68 and 0.80 (Fig. 1D and E). However, the highest diagnostic
values were found for combinations of urinary miRNAs and reached
0.79 and 0.84, respectively (Fig. 1C and F).
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Fig. 1. ROC curve analysis of prostate cancer (PCa) biomarkers. Urinary
miR-148a (A), miR-375 (B), and combination of them (C) in cohort PCal

and in cohort PCa2 (D-F).

The diagnostic value of urinary miR-148a and miR-375 was
compared to PSA test, and all miRNA characteristics were better
(e.g., AU= 0.78, 0.68, and 0.51, respectively). Combining urinary
miRNAs with PSA markedly improved the sensitivity (84 vs. 64%),
specificity (76 vs. 52%) and AUC value of PSA (AUC=0.85 vs. 0.51)
(Fig. 2A and B). The diagnostic potential was also evaluated in a
“grey zone” of PSA (when serum PSA concentration is 4-10 ng/mL),

100% - Specificity%
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Fig. 2. ROC curve analysis of urinary miRNAs in prostate cancer (PCa) and
prostate specific antigen (PSA). (A) Serum PSA and (B) combination of
urinary miRNAs with PSA in (C) all PSA range and (D) in “grey zone” of
PSA (4-10 ng/mL) only. Analyses were carried out in the PCal.

In our study, several PCa-specific miRNAs were successfully
detected in the urine of PCa patients and showed different abundance
when compared with urine from ASCs and BPH patients. This
reveals suitability of some urinary miRNAs for noninvasive and
specific detection of PCa, even at the early stages of the disease.
Moreover, our study indicates that combined analysis of urinary
miR-375 and miR-148a can significantly improve the specificity and
sensitivity of the PSA test, especially in men who fall in the
intermediate PSA range of 4-10 ng/mL.
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miRNAs for prognostics of biochemical recurrent disease

For the evaluation of prognostic potential in urine study, three
highly expressed and PCa-specific miRNAs (miR-19a, -19b ir -21)
were selected from our microarray analysis and published data
[Stuopelyte et al., 2016b].

miR-19a/19b and miR-21 were analyzed in catheterized urine
collected from 143 PCa and 23 BPH patients during the radical
prostatectomy. The level of miR-21 was found to be 1.5-fold higher
in BPH cases (P=0.010). The combination of all miRNAs had the
highest diagnostic potential (AUC=0.738, Fig. 3E) and improved the
diagnostic value of PSA test (AUC=0.514 vs. 0.738, Fig. 3F).

Kaplan-Meier survival analysis showed that lower level of
urinary miR-19b (P=0.014, Fig. 3A) or a combination of lower level
of miR-19b and higher level of miR-19a (P=0.016, Fig. 3B) is
associated with shorter time to biochemical recurrence after radical
prostatectomy.
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Fig. 3. Prognostic and diagnostic value of urinary miRNAs. Kaplan-Meier
analysis of BCR-free survival predicted by miR-19b (A) and combined
analysis of miR-19a/b (B). Receiver operating characteristic (ROC) curves
show sensitivity and specificity of serum PSA (C), urine circulating miR-21
(D), combination of miR-19a/b and miR-21 (E), and all urinary miRNAs
combined with PSA (F). AUC, area under the ROC curve.

In summary, miRNA expression profile markedly differs between
PCa groups stratified according to clinical variables. Some miRNAs
highly expressed in PCa tissues can also be detected in urine. The
panel of urinary miR-21, miR-19b, and miR-19a shows a potential to
serve as a tool for non-invasive diagnostics of PCa and prediction of
the disease relapse. Although this panel of urinary miRNA could
improve the overall diagnostic value of the PSA test, the specificity
of such combined test remains quite low.
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miRNAs for the response to treatment prediction

miR-148a, -365, -375, and -429 were analyzed in 51 urine
samples collected from 22 CRPC patients before (AA-0) and during
the treatment with AA (AA-1/2) (Stuopelyte et al., manuscript). The
level of miIRNAs was compared between CRPC, two cohorts of
indolent PCa (PCal and PCa2) and controls (BPH and AC) that were
described earlier. The level of urinary miRNAs differed significantly
between CRPC, indolent PCa and controls (P < 0.05). The
combination of miR-375 and miR-429 was the most CRPC-specific
and had the highest diagnostic value (P < 0.01).

In survival analyses, continuous and median-dichotomized
miRNA values were used. In Kaplan-Meier analysis, higher level of
miR-365 and miR-429 and lower level of miR-148a and miR-375
was associated with shorter PFS, but the statistically significant
difference was detected for miR-148a only (4.6 vs. 7.5 mo, P=0.019).
When analyzed in combinations, the significant associations was
found for a lower level of miR-148a and miR-375 and when the level
of miR-148a and miR-429 was opposite. No variable was associated
with PFS in univariate Cox proportional hazards regression analysis,
while in multivariate analysis miR-148a was confirmed as the
independent predictor for PFS (P=0.034).

In OS analysis, similar associations as in PFS were found, miR-
148a and miR-375 was associated with a shorter survival — when
both (P=0.033) or either (P=0.035) of these miRNAs were found at
low level. In multivariate analysis, the combination of miR-148a and
miR-375 had the highest prognostic value, but the model‘s statistical
significance was borderline (P=0.060).

In summary, this pilot study presents preliminary data on
predictive value of urine circulating miR-148a, -365, -375, and -429.
Combinations of urinary miRNAs might be used as a tool to predict
progression-free and overall survival in AA-treated CRPC patients,
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but further prospective studies are needed to confirm findings in
larger cohorts.

AR-Vs for the response to treatment prediction

AR-FL and AR-V were analyzed in 102 CRPC patients before
(AA-0, N=102) and during (AA-1/2, N=83) AA treatment as well as
from 14 age-matched healthy controls [Stuopelyte et al., 2020]. AR-
FL was detected in all blood samples (N=185) whereas AR-V1, -V3,
-V7, and at least one AR-V was detected in 17%, 55%, 65%, and
81% of CRPC blood samples. The level of AR-V was dichotomized
into high and low according to the highest level detected in controls,
and high level of at least one AR-V was found in 44 % of blood
samples.

Out of 98 cases with an available follow-up, the response to
treatment was short and medium (< 8 mo) for a half of patients
(49/98). The lowest level of all AR transcripts was found in patients
with extended response (>8 mo), in compare to which the level of
AR-V1 was 10-fold higher in medium (P=0.023) and >40-fold
(P<0.001) in short response group.

In univariate and multivariate Cox proportional hazards
regression analysis for progression-free survival (Table 3), AR-FL
was associated with shorter PFS. Kaplan-Meier analysis confirmed
the detected associations between AR-FL (Fig. 4A), AR-V1
(Fig. 4B) and PFS. PFS was also shorter for the cases that had any
AR transcript at higher level (Fig. 4E) and for those who had a
combination of higher AR-FL and any AR-V (Fig. 4F-H). However,
the highest prognostic value was retained by the combination of AR-
FL and AR-V1 (6.6 vs. 19.9 mo; P < 0.0001; HR 3.0, 95 % CI 1.7-
5.1) (Fig. 4F).
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Table 3. Univariate and multivariate Cox proportional hazards regression analyses for progression-free and overall
survival.

PROGRESSION-FREE SURVIVAL
Univariate analysis Multivariate analyses (backward)
Covariate Separately Altogether
HR (95% CI) P-value  HR (95% CI) P-value  HR (95% CI) P-value

AR-FL 1.46 (1.12-1.90) 0.006 | 1.41(1.08-1.86) 0.012 1.55 (1.07-2.23) 0.020
€| AR-V1 1.05 (1.01-1.08) 0.022 | 1.04 (1.00-1.08) 0.053
S| AR-v3 1.00 (0.97-1.03) 0.950

AR-V7 1.01 (0.97-1.04) 0.752

.| AR-FL 2.37 (1.37-4.09) 0.002 | 2.37 (1.37-4.09) 0.002

S| AR-V1 1.37 (0.99-1.92) 0.062
-‘Dﬁ AR-V3 1.46 (0.66-3.23) 0.351

AR-V7 1.06 (0.59-1.91) 0.838
'S | PSA prior AA (cont., ng/mL) 1.00 (1.00-1.00) 0.033
S| ISUP grade group (<3 vs >4) 2.05 (1.11-3.77) 0.022 1.83(0.95-3.53) 0.072
'S | Metastasis prior AA treatment (yes/no):
g Bone 1.90 (0.86-4.19) 0.115
9 Visceral 1.76 (0.754.12) 0.194
i= Regional lymph nodes  0.83 (0.46-1.51) 0.553
O Non-regional lymph nodes  0.72 (0.36-1.43) 0.355

Volume of metastases (h/l) 1.39 (0.80-2.41) 0.244

Radical treatment (yes/no) 0.81 (0.47-1.38) 0.437

Positive redsponse to ADT (mo.)  0.99 (0.99-1.00) 0.121 | 1.00 (1.00-1.00) 0.012

AA for 2™ line treatment after

DTX (yes/no) 1.80 (0.93-3.50) 0.083 | 2.94 (1.48-5.84) 0.002 2.88 (1.41-5.86) 0.004
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Table 3. Continued.

OVERALL SURVIVAL

Univariate analysis Multivariate analyses (backward)

Covariate Separately Altogether
HR (95% CI) P-value  HR (95% CI) P-value  HR (95% CI) P-value
AR-FL 1.58 (1.22-2.04) <0.001 | 1.58(1.22-2.05) <0.001 2.27 (1.21-4.24) 0.011
€| AR-V1 1.04 (1.01-1.08) 0.016 | 1.04 (1.00-1.08) 0.016
S| AR-v3 1.04 (1.01-1.07) 0.011
AR-V 1.02 (0.99-1.05) 0.256
.| AR-FL 2.82 (1.61-4.94) <0.001 | 2.74 (1.56-4.80) <0.001
S| AR-V1 1.40 (1.04-1.90) 0.028 | 1.35(1.00-1.83) 0.053
-5’ AR-V3 2.61 (1.40-4.88) 0.003
AR-V7 1.50 (0.86-2.63) 0.157
PSA prior AA (ng/mL) 1.00 (1.00-1.00) <0.001 | 1.00 (1.00-1.00) <0.0001 | 1.00 (1.00-1.00) 0.004
ISUP grade group (<3 vs. >4) 1.89 (1.08-3.31) 0.027
__ | Metastasis prior AA treatment (yes/no):
8| Bone 2.27 (0.91-5.68) 0.080
8| Visceral 1.43 (0.65-3.14) 0.381
_g Regional lymph nodes 1.20 (0.68-2.09) 0.531
S_ Non-regional lymph nodes 0.74 (0.37-1.46) 0.389
8| Volume of metastases (h/I) 1.57 (0.89-2.77) 0.125
.= | Radical treatment (yes/no) 0.48 (0.27-0.85) 0.013 0.56 (0.30-1.05) 0.074
© | positive response to ADT (mo.)  1.00 (0.99-1.00) 0.210
AA for 2" line treatment after
DTX (yes/no) 1.00 (0.47-2.12) 0.996

AA — abiraterone acetate; ADT — androgen deprivation therapy; AR-FL — full length androgen receptor; AR-V — AR variant; cont. —
continuous variable, not categorized into high/low; dichot. — dichotomous variable, categorized into high/low; DTX — docetaxel; h/l —
high/low; HR — hazard ratio; ISUP — International Society of Urological Pathology. Bold values denote statistical significance at the
P<0.050 level.
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Fig. 4. Progression-free survival according to full length androgen receptor
(AR-FL) (A), AR variants AR-V1 (B), -V3 (C), -V7 (D), and their
combinations (E-H) in blood samples, collected from castration resistant
prostate cancer patients before the treatment with abiraterone acetate.
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In univariate Cox analysis for OS (Table 3), all AR transcripts
apart for AR-V7 were associated with shorter OS. In multivariate
analysis, AR-FL and AR-V1 were independent predictors for OS.
Kaplan-Meier analysis confirmed the detected associations of
individual AR-FL (Fig. 5A), AR-V1 (Fig. 5B), and AR-V3 (Fig. 5C).
However, more significant associations were detected when AR
transcripts were analyzed in combinations (Fig. 5E-H), from which,
similarly as in PFS analysis, the combination of AR-FL and AR-V1
had the strongest prognostic value (13.2 mo vs. not reached; P <
0.0001; HR 3.7, 95 % CI 2.2-6.2) (Fig. 5F).

This is the first report of a thorough analysis of full-length AR
and AR-V1, -V3, and -V7 in prostate tissues and whole blood from
prospectively collected CRPC cases treated with AA. The data
suggests that AR transcripts can be used for patients’ selection for
AA treatment, and the whole blood-based assay might be more
technically eligible and acceptable for AR-Vs detection in clinical
settings.

32



Overall survival, %

Overall survival, %

Overall survival, %

Qverall survival, %

A AR-FL B AR-V1
100- —— High (132 mo) 100+ = High (12.1 mo)
= Low (not reached) —— Not detected (25.8 mo)
80+ g
60+ 60+
404 40
207 p<p.001 201 p=0.030
HR=2.8(95% Cl 1.6 - 4.8) HR=2.3 (95% CI 1.1-4.8)
T T T
0 10 20 30 0 1I0 ‘2'0 3|0
Response to treatment, months Response to treatment, months
C AR-V3 D AR-V7
100 —— High (12.8 mo) 100+ —— High (14.3 mo)
== Low + not detected (26.9 mo) —— Low + not detected (25.8 mo)
80 0
60 60+
40 40
204 207 p=0.153
| HR=3.9(85% CI1.7-9.3) HR=1.6 (0.8 - 2.9)
0 T T T
0 10 20 30 0 10 20 30

Response to treatment, months

E Either high: AR-FL/-V1/-V3/-V7 F
100 100

—— Either high (13.7 mo)
—— All low (not reached)

Response to treatment, months

Either high: AR-FL /-V1

—i— Either high (13.2 mo)
—— Both low (not reached)

80
60 60;
40 40
20 p<0.0001 209 p<0.0001
| HR=29(1.7-5.0) | HR=37(22-62)
o 10 20 30 0 10 20 30
Response to treatment, months Response to treatment, months
G Either high: AR-FL /-V3 H Either high: AR-FL /-V7
100 —— Either high (13.1mo) 1007 — Either high (15.0 mo)
—— Both low (not reached) o == Both low (not reached)
80 5
60 60-|
40- 404
209 p<0.0001 201 p=0.006
| HR=30(1.8-5.1) HR=2.1(1.2 - 3.6)
0 10 20 30 "o 10 2 30

Response to treatment, months

33

Response to treatment, months

Fig. 5. Overall survival according to full length androgen receptor (AR-FL)
(A), AR variants AR-V1 (B), -V3 (C), -V7 (D), and their combinations (E-
H) in blood samples, collected from castration resistant prostate cancer
patients before the treatment with abiraterone acetate.



CONCLUSIONS

. The expression of miR-375 and miR-148a is upregulated in PCa
tissues (P = 0.015 and P = 0.027, respectively), while miR-429 —
in TMPRSS2-ERG expressing tumors (P = 0.008). Also the
expression of miR-429 (P<0.001) and miR-365 (P=0.007) is
increased in well-differentiated tumors (G<(3+4) and G<6).

. The level of miR-375 is statistically significantly higher and miR-
148a — lower in urine of PCa patients in compare to urine
collected from BPH and AC controls (P < 0.001). The diagnostic
value of miR-148a and miR-375 combination is higher than
individual miRNAs and outperforms the diagnostic value of PSA
test (AUC = 0.85 vs. 0.51), especially when PSA concentration is
4-10 ng/mL (AUC = 0.90).

. The diagnostic value of combined miR-19a/19b and miR-21 is
higher than individual miRNA analysis and outperforms PSA test
(AUC = 0.74 vs. 0.51). Lower level of miR-19b alone and the
combination of lower level of miR-19b and higher level of miR-
19a in urine predicts shorter biochemical progression (P = 0.014
and P = 0.016, respectively) in PCa.

. The level of miR-148a, -365, -375, and -429 differs significantly
in urine collected from CRPC, local PCa and controls (P < 0.05),
and the combination of miR-375 and miR-429 is more specific
for CRPC in compare to individual miRNA analysis (P < 0.01).
Lower level of urinary miR-148a is associated with shorter PFS
for AA treated patients, while OS is impacted by the level of both
or any of miR-148a and miR-375 (P = 0.033 and P = 0.035,
respectively).

. The expression of AR-V1 and AR-V7 is significantly higher in

cancerous prostatic specimens (P = 0.025 and P = 0.027,

respectively), whereas AR-V7 is upregulated in cases who

experienced biochemical progression (P = 0.010) and predicts
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shorter PFS after radical prostatectomy (61 mo vs. not reached,
P = 0.050).

. AR-FL was detected in all 185 blood samples, while at least one
AR-V —in 81 % CRPC blood samples. Higher level of AR-FL
and AR-V1 in CRPC blood is independent predictor for shorter
PFS (P < 0.0001; HR 3.0, 95 % CI 1.7-5.1) and OS (P < 0.0001;
HR 3.7, 95 % CI 2.2-6.2).
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SUMMARY IN LITHUANIAN

Prostatos vézys (PV) — dazniausias vyry onkologinis susirgimas
Lietuvoje ir pasaulyje, ypa¢ vakary Salyse [Bray ir kt., 2018; Ferlay
ir kt, 2019]. Nors vyresnio amziaus ir rizikos grupéms
priklausantiems asmenims atliekami prostatai specifinio antigeno
(PSA) tyrimai, diegiami naujos kartos diagnostiniai testai, tatiau PV
vis tiek iSliecka pirmoje vietoje pagal vyresnio amziaus vyry
sergamumga ir mirtingumg. Siuo metu PV diagnostikai taikomi
metodai, tokie kaip PSA koncentracijos kraujyje matavimas,
digitalinis rektalinis tyrimas, sisteminé biopsija ir kt., yra gana
jautriis, ta¢iau nepakankamai specifiski — nustatoma daug klaidingai
teigiamy atvejy, pvz., hiperplazijy. Nors lokalaus PV gydymas yra
gana efektyvus, o agresyvus ligos vystymasis biidingas mazesnei
daliai ligoniy, tokie PV atvejai laikomi kliniskai reik§mingais, nes
jiems biidinga bloga ligos prognozé ir trumpesnis iSgyvenamumas.
Kastracijai atspari prostatos vézio (KAPV) forma kol kas tebéra
nepagydoma ir yra pagrindiné mirties nuo PV prieZastis. Per pastargjj
desimtmet] KAPV serganciy ligoniy iSgyvenamuma ir gyvenimo
kokybe pagerino nauji vaistai [Berg ir kt., 2017]: nauji taksany
grupés preparatai (docetakselis, kabazitakselis), radionuklidas Ra-
233, imonoterapinis vaistas sipuleucelis-T ir naujos kartos
antiandrogenai, tokie kaip androgeny receptoriaus inhibitoriai
enzalutamidas ir apalutamidas bei androgeny sinteze slopinantis
abiraterono acetatas [Nuhn ir kt., 2019]. Taciau dél heterogeniskos
KAPV prigimties apie 2040 % ligoniy iSkart pasireiSkia pirminis
atsparumas Siems naujiems vaistams [de Bono ir kt., 2011; Ryan ir
kt., 2013].

Vystantis véziui pakinta visi lasteléje vykstantys procesai, tarp jy
ir geny raiSkos bei miRNR raiskos reguliavimas. miRNR yra
trumpos, nekoduojancios, apie 22 nt ilgio RNR, atliekancios svarby
vaidmenj daugumos eukarioty fiziologiniuose procesuose.
Priklausomai nuo miRNR reguliacinio regiono komplementarumo
taikiniui, geny raiska tildoma dviem pagrindiniais biidais: ribojama
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transliacija arba skaldomas transkriptas [Willard ir Koochekpour,
2012]. miRNR vykdoma geny raiskos reguliacija svarbi visiems
lasteléje vykstantiems procesams, o nukrypimai lemia Sirdies, nervy
sistemos vystymosi, uzdegiminiy, autoimuniniy ligy, vézio, jskaitant
PV, vystymasi [Naeini ir Ardekani, 2009]. VézZio tyrimuose seniai
zinomi tokie terminai, kaip naviko augimg slopinancios ir
skatinanc¢ios miRNR, taciau dél miRNR konteksto svarbos (audinio,
organo, stadijos ir kt.) vienareikSmiskas miRNR skirstymas néra
galimas [Tong ir Nemunaitis, 2008]. Gaus¢jant tyrimams ir juos
apibendrinant, nustatyta, kad miRNR raiskos profilis skiriasi ne tik
tarp sveiko ir navikinio audinio, bet ir tarp skirtingy vézio tipy,
subtipy [Naeini ir Ardekani, 2009; Di Leva ir Croce, 2013; Silva-
Sanos ir kt. 2014]. Remiantis miRNR raiska, galima atskirti
ankstyvos ir vélesnés stadijos vézj bei agresyvias jo formas [Brase ir
kt., 2011; Shen ir kt., 2012]. PV atvejus palyginus su nenavikiniais
audiniais, nustatomas savitas miRNR raiSkos profilis, kuris kinta
ligai vystantis. Svarbiu atradimu tapo miRNR nustatymas kiino
skysCiuose, t. y kraujyje [Selth ir kt., 2012; Cheng ir kt., 2013;
Huang ir kt., 2015], Slapime [Corcoran ir kt., 2014], sékliniame
skystyje [Guzel ir kt., 2015] ir kt.. Slapimas daZniausiai renkamas
visi$kai neinvaziniu buidu, todél Slapimo miRNR gali tapti jautriais,
mazai invaziniais PV diagnostiniais, prognostiniais ir prediktyviniais
zymenimis [Balacescu ir kt., 2017], taciau kol kas néra paskelbty
KAPYV ligoniy slapime atlikty miRNR tyrimy.

Tyrimai rodo, kad androgeny receptoriaus (AR) atsako kelias
iSlicka aktyvus KAPV ir turi didelg¢ reikSme jo vystymuisi ir
progresijai. Viena i§ aktyvinimo priezasCiy galéty biiti AR geno
transkripty variantai (AR-V), kurie neturi ligando prisijungimo
domeno ir yra visada aktyviis. Nuo pat atradimo AR-V buvo susieti
su pirminiu ir jgytu atsparumu prie§ AR nukreiptiems vaistams
[Dehm ir kt., 2008; Guo ir kt., 2009; Hu ir kt., 2009; Sun ir kt.,
2010]. Siuo metu Zinoma daugiau kaip 20 AR-V [Paliouras ir kt.,
2016], 18 kuriy dél placiausio paplitimo labiausiai iStyrinétas yra tik
AR-V7 [Scher ir kt., 2017]. AR-V7 nustacius skys¢iy biopsijoje,
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reikSmingai iSaugo klinikiniy tyrimy ir komerciskai prieinamy testy
skaiCius, taciau gilesniam KAPV kancerogenezés ir heterogeniSkumo
supratimui kol kas triksta platesnés apimties ir i§samesniy AR-V
tyrimy [Antonarakis ir kt., 2014; Steinestel ir kt., 2015; Antonarakis
ir kt., 2017].

Darbo tikslas — atrinkti prostatos véziui specifines miRNR ir
androgeny receptoriaus variantus tyrimui Slapime ir kraujyje bei
jvertinti jy diagnosting, prognosting verte ir tinkamumg atsako |
gydyma vertinimui.

UZzdaviniai:
1. Istirti visuminés miRNR raiSkos profilj navikiniuose ir

nenavikiniuose prostatos audiniuose, atsirinktus taikinius
validuoti didesnéje méginiy imtyje ir jvertinti sgsajas su

2. Istirti atrinktas miRNR (miR-148a, -365, -375 ir -429) prostatos
véziu (PV), gerybine prostatos hiperplazija (GPH) serganciy ir
asimptomatiniy asmeny (AK) Slapime ir jvertinti §iy miRNR
diagnostinj potenciala.

3. Istirti atrinktas miRNR (miR-19a/19b, -21) PV ir GPH serganciy
ligoniy Slapime bei jvertinti §Siy miRNR diagnostinj ir prognostinj
potenciala.

4. Tstirti atrinktas miRNR (miR-148a, -365, -375 ir -429) kastracijai
atspariu PV (KAPV) serganciy ligoniy Slapime, palyginti su
neagresyvaus PV ir kontroliniy asmeny duomenimis ir jvertinti
Siy miRNR prognostinj potencialag bei tinkamumg atsako |
gydymo abiraterono acetatu vertinimui.

5. Istirti androgeny receptoriaus (AR-FL) ir AR varianty (AR-V:
AR-V1,-V3 ir -V7) raiSkg navikiniuose ir nenavikiniuose
prostatos audiniuose ir jvertinti sasajas su klinikiniais-
patologiniais rodikliais bei prognostinj potencialg.
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6. Istirti AR-FL ir AR-V transkripty kieki KAPV serganciy ligoniy
kraujyje ir jvertinti AR transkripty prognostinj potencialg.

Mokslinis naujumas ir praktiné reikSmé

Siame tyrime pirma karta Lietuvoje visuminé miRNR raiska buvo
jvertinta prostatos audiniuose ir nustatyta keletas deSimciy
navikiniame audinyje pakitusios raiskos miRNR. ISanalizavus
sasajas su klinikiniais rodikliais, atrinktos reikSmingiausiai
besiskirianc¢ios raiskos miRNR ir pritaikytos tyrimams dideléje PV
ligoniy ir kontroliniy asmeny imtyje. Tyrimas parodé, kad miRNR
analizé neinvaziniu btudu surinktuose Slapimo méginiuose leisty
specifiskai diagnozuoti PV ankstyvoje stadijoje ir prognozuoti
biocheminj ligos atkrytj. Kol kas triiksta jautriy ir specifiniy
biozymeny, kuriais remiantis buty galima atskirti kliniskai
reikSmingus agresyvios eigos vézio atvejus ir i§vengti nereikalingo
gydymo. Taigi su PV Kklinikiniais-patologiniais  rodikliais
koreliuojanc¢ios ir uz PSA testa specifiskiau veikian¢ios Slapimo
miRNR galéty biiti pritaikytos PV diagnostikoje.

Atrinktos specifiSkiausios prostatos véziui miRNR pirmg kartg
pasaulyje buvo istirtos ir kastracijai atspariu prostatos véziu (KAPV)
serganCiy ligoniy Slapime. Pakites miRNR kiekis, nustatytas prie$
gydyma abiraterono acetatu (AA) surinktuose $lapimo méginiuose,
buvo susietas su trumpesniu iSgyvenamumu be progresijos (PFS) ir
bendruoju i§gyvenamumu (OS). KAPV yra nepagydoma liga, todél
vaistais gebama tik prailginti i§gyvenamumg. [lgainiui visi ligoniai
tampa atspariis gaunamam preparatui, o didelei daliai ligoniy
pasirei§kia ir pirminis atsparumas, dél to labai svarbu parinkti
konkreciu atveju tinkamiausig gydyma ir tikslinti gydymo schemas.

Siame tyrime androgeny receptoriaus (AR-FL) ir AR varianty
(AR-V) raiska buvo jvertinta Lietuvos KAPV ligoniy prostatos
audiniuose. Nustacius reik§mingas sgsajas su agresyvesne ligos eiga,
AR transkriptai buvo tiriami KAPV ligoniy kraujyje, paimtame prie$
AA gydyma ir AA gydymo metu. Pirmg kartg pasaulyje buvo istirti

39



viso kraujo AR-V1 ir AR-V3, o didesnis transkripty kiekis buvo
susietas su trumpesniu iSgyvenamumu be progresijos ir bendruoju
iSgyvenamumu. AR atsako kelias ne tik iSlieka aktyvus vystantis
KAPV, bet vaidina pagrindinj vaidmenj. AR-V iStyrimas ligoniy
kraujyje yra naudingas gilinant suvokimg apie KAPV
heterogeniskuma, biologinio atsparumo mechanizmy vystymasi ir
gali padéti tinkamiau parinkti esamus ir kurti naujus vaistus.

Ginami teiginiai
1. miR-148a, -365, -375 ir -429 yra PV specifinés ir/ar reik§mingai

panaudotos PV diagnozés patikslinimui.

2. Slapime nustatomy miR-148a ir miR-375 derinys yra jautrus
molekulinis jrankis neinvazinei PV diagnostikai, o miR-19b ir
miR-19a/b derinys specifiSkai prognozuoja biocheming ligos
progresija.

3. Slapime nustatomy miR-375 ir -429 derinys specifiskai atskiria
KAPYV nuo PV ir kontroliniy tiriamyjy grupiy.

4. Abiraterono acetatu (AA) gydomiems ligoniams $lapime
nustatoma miR-148 prognozuoja i§gyvenamumg be progresijos, o
miR-148a ir miR-375 derinys — bendrajj iSgyvenamuma.

5. Didesné AR-V1 ir -V7 raiSka navikiniuose audiniuose biidinga
agresyvios eigos PV, be to, AR-V7 raiska prognozuoja
biocheming ligos progresija po radikalios prostatektomijos.

6. Didesnis KAPV kraujyje nustatytas AR-FL ir -V1 transkripty
kiekis AA gydomy ligoniy kraujyje prognozuoja trumpesnij
iSgyvenamuma be progresijos ir bendrgjj i§gyvenamuma.
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MEGINIAI IR METODAI
Ligoniai ir méginiai

PV ligoniy méginiai miRNR analizei. Prostatos audiniy ir §lapimo
meéginiai buvo surinkti i§ 237 PV ligoniy, kuriems buvo atliktas PSA
testas, prostatos biopsija ir radikali prostatektomija (RP). | tyrima
jtraukti ligoniai buvo gydyti Vilniaus universiteto ligoninés Santaros
kliniky (VULSK) Urologijos skyriuje nuo 2008 m. sausio mén. iki
2014 sausio mén. Palyginimui Slapimas buvo surinktas i§ 23 asmeny,
kuriems nustatyta gerybiné prostatos hiperplazija (GPH), ir
62 besimptomiy kontroliniy asmeny — PV neserganciy vyry, kuriy
serumo PSA koncentracija nevirSija 3 ng/mL. Tyrimui buvo gautas
Lietuvos bioetikos komiteto leidimas (2007-11-23 Nr. 50 ir 2011-09-
07 Nr. 6B-11-275), o dalyvaujantys tyrime asmenys buvo informuoti
apie tyrimo eiga ir pasiras¢ sutikimg dalyvauti. Sis tyrimas buvo
didesnés 2008 m. inicijuotos biozymeny paieskos studijos dalis, tad
méginiai rinkti ir ruoSti remiantis standartizuota, anksCiau aprasSyta
metodika [Sabaliauskaite ir kt., 2012; Daniunaite ir kt., 2014].

Navikiniai (= 70 % véziniy lasteliy, PV+) ir nenavikiniai (0 %
véziniy lasteliy, PV—-) audiniai buvo atrinkti po histopatologinés
analizés. Buvo vertinami tokie klinikiniai-patologiniai rodikliai kaip
biocheminé ligos progresija (BCR), naviko stadija ir diferenciacijos
laipsnis, TMPRSS2-ERG sulietinio transkripto statusas, diagnostinis
PSA, operacinis krastas.

Biochemine ligos progresija (BCR) buvo patvirtinta, kai dviem i$
eilés matavimais nustatyta > 0,2 ng/mL ir didé¢janti PSA
koncentracija kraujyje. 15 56 PV+ atvejy, duomenys apie ligos eiga
(angl. follow-up) buvo zinomi 55 atvejams (98,2 %), i§ kuriy BCR
pasireiské 18 (32,7 %). Sulietinio transkripto TMPRSS2-ERG tyrimai
atlikti Zmogaus genomo tyrimy laboratorijoje dr. Rasos
Sabaliauskaités ir publikuoti anks¢iau [Sabaliauskaite ir kt., 2012;
Demidenko ir kt., 2015].
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miRNR tyrimui $lapimas buvo surinktas i§ dviejy nepriklausomy
PV serganciy ligoniy ir kontroliniy asmeny im¢iy:

1. Slapimas, rinktas kateterizuojant PV ligoniy §lapimo piisle
operacijos metu, lygintas su tokiu pat badu rinktais tiriamyjy,
kuriems nustatyta GPH, méginiais: PV1 (N = 143) vs. GPH
(N =23).

2. Prie$ operacijg surinkti §lapimo méginiai lyginti su rutininiams
tyrimams rinktu besimptomiy kontroliniy asmeny Slapimu: PV2
(N=72) vs. AK (N = 62).

PV serganciy ir kontroliniy asmeny S$lapimo méginiai buvo
apdoroti vienodai: ~30 mL S$lapimo buvo 15 min centrifuguota
1000 rpm 4 °C temperatiiroje. Centrifugatas paSalintas, paliekant
apie 2 mL skys¢io. Nuosédos du kartus praplautos, resuspenduotos
PBS ir laikytos -80 °C temperatiiroje.

KAPYV ligoniy méginiai miRNR ir AR-V analizei. Kraujo ir
Slapimo méginiai buvo surinkti i§ 102 kastracijai atspariu prostatos
véziu (KAPV) serganciy ligoniy 2017 m. vasario - 2018 lapkricio
mén. Abiraterono acetatas (AA) buvo paskirtas kaip pirmos eilés
vaistas 88 ligoniams ir 14 ligoniy — kaip antros eilés vaistas po
docetakselio. Kraujas buvo renkamas j PAXgene Blood RNA Tubes
mégintuvélius prie§ pradedant gydyma AA (AA-0) ir ligai
progresavus arba dukart kas 6 mén., jei atsakas j gydyma yra geras.
Ligos progresija buvo laikoma, jei buvo patenkinti bent 2 i§ 3
kriterijy: biocheminé¢ arba radiologiné¢ ligos progresija ir/arba
stebimas bendras klinikinés biiklés pablogéjimas. Palyginimui buvo
surinktas kraujas i§ 14 atitinkamo amziaus besimptomiy kontroliniy
asmeny (amziaus mediana 63,0 m.). Tyrimui buvo gautas Lietuvos
bioetikos komiteto leidimas (Nr. 158200-17-874-411), o ligoniai
pasira$é sutikimg dalyvauti.

Buvo vertinami tokie klinikiniai-patologiniai rodikliai kaip
serumo PSA prie$ gydymg, metastaziy buvimas kauluose ir kiino
organuose, naviko stadija, diferenciacijos laipsnis, pries§ tai taikytas
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gydymas (ar taikyta radikali prostatektomija, ADT atsako trukmé,
kelintos eilés gydymas AA). ISgyvenamumas be progresijos (PFS) ir
bendrasis iSgyvenamumas (OS) buvo skai¢iuojamas nuo AA gydymo
pradzios iki gydytojo patvirtintos ligos progresijos arba mirties nuo
bet kokios priezasties. Duomenys apie ligos progresija buvo Zinomi
96,1 % (98/102) ligoniy (4 ligoniy ligos eiga buvo nezinoma). Pagal
PFS trukmg ligoniai buvo suskirstyti j ilgo (> 8 mén., ER), vidutinio
(3-8 mén., MR) ir trumpo (< 3 mén., SR) atsako j gydyma grupes.

Metodai

miRNR mikrogardelés. Visuminé miRNR raiska mikrogardeliy
metodu, hibridizuojant ant Human microRNA Microarray 8 x 60K
formato mikrogardeliy (Agilent Technologies), pagaminty pagal
duomeny bazés miRBase 16.0 versija ir laikantis miRNA Microarray
System with miRNA Complete Labeling and Hyb Kit (Agilent
Technologies) protokolo.

Raiskos analizé. Visuminé RNR i§ prostatos audinio iSgryninta
naudojant mirVana miRNA Isolation Kit rinkinj (Ambion, Thermo
Fisher Scientific (TFS)) ir TRIzol reagenta (TFS), i§ §lapimo ir kraujo
— miRNeasy Mini Kit (Qiagen) ir PAXgene Blood miRNA Kit
(PreAnalytiX, QIAGEN/BD Company) rinkinius, atitinkamai,
laikantis gamintojy rekomendacijy. ISgrynintos RNR koncentracija ir
kokybiniai parametrai buvo tikrinti naudojant spektrofotometra
NanoDrop 2000 (Thermo Scientific) ir kapiliarinés elektroforezés
prietaisg Agilent 2100 Bioanalyzer (Agilent Technologies).

Kopijinés DNR (kDNR) sintezé miRNR analizei buvo atlikta
naudojant TagMan MicroRNA Reverse Transcription Kit (Applied
Biosystems (ABI), TFS) rinkini, AR transkripty raiSkos tyrimui
prostatos audiniuose — Maxima® First Strand cDNA Synthesis Kit
for RT-gPCR with dsDNase (TFS), AR transkripty tyrimui kraujyje —
SuperScript™ [II One-Step RT-PCR System with Platinum™ Taq
DNA Polymerase (Invitrogen, TFS) rinkinj, kiekvienu ateju laikantis
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gamintojy rekomendacijy. Susintetinta KDNR buvo iskart naudojama
tolimesniems etapams arba laikoma -80 °C temperataroje.

Kiekybiné atvirkstinés transkriptazés PGR (AT-kPGR) visuminei
miRNR rai$kos analizei ir miRNR raiSkos validavimui buvo atlikta
naudojant Human MicroRNA A+B TLDA cards Set v.3.0 ir pagal
uzsakymg kurtas TLDA gardeles (ABI, TFS). AT-kPGR AR
transkripty raiSkos tyrimui buvo atliekama naudojant i§ publikacijy
parinktus pradmenis, o AR transkripty (AR-FL, -V1, -V3, V7) kiekio
nustatymui kraujyje buvo naudojami pagal uzsakyma kurti pradmeny
ir zondy misiniai Custom TagMan™ Gene Expression Assays (ABI,
TFS). miRNR analizé S$lapime buvo atlikta naudojant TagMan
Human MiRNA Assays pradmeny ir zondy miSinius (000470,
001020, 000564 ir 001024, atitinkamai (ABI, TFS)). Visais atvejais
buvo laikomasi gamintojo protokoly.

Statistiné analizé. Visuminé miRNR raiSkos analizé
mikrogardelémis. miRNR raiSkos statistiné analizé atlikta
GeneSpring GX v13.0 (Agilent Technologies) programine jranga.
Statistiniam palyginimui naudotas nepriklausomy im¢iy t-Kriterijaus
testas, skirtumai laikyti statistiSkai reik§mingais, kai P-reik§mé buvo
< 0,050, o raiSkos skirtumas kartais sieké bent 1,5 karto.

Geny raiskos analizé. Geny raiska normalizuota pritaikius
AACt metoda pagal endogenines kontroles: miRNR audinyje ir
Slapime normalizuota pagal visy miRNR raiska (angl. global), AR
transkripty raiSka audinyje analizuota pagal HPRT1, o kraujyje —
pagal TBP ir GUSB referentiniy geny raiskag. miRNR ir AR
transkripty raiSka lyginta taikant nepriklausomy imciy t-kriterijaus
testa (arba Stjudento, angl. t test) ir naudojant GenEx 6 programing
jranga (MultiD analyses). Koreliacijos buvo jvertintos naudojant
Spearman ir Pearson koreliacijos koeficientus ir STATISTICA v.8.0

programing jranga.
ROC kreiviy analizé. Biozymeny tinkamumas diagnostikai buvo

jvertintas atlikus ROC (angl. Receiver Operating Characteristic)

kreiviy analizg, kur buvo apskaiciuotas ploto po kreive jvertis AUC
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(angl. area under the ROC curve). Biozymenys apjungti atlikus
regresing analize. Analizei naudota GraphPad Prism v5.3 ir
MedCalc v18.6 programiné jranga.

ISgyvenamumo analizé. [Sgyvenamumui be progresijos ir
bendrajam iSgyvenamumui jtaka darancéiy pavieniy (angl. univariate)
ir visy rodikliy (angl. multivariate) santykinés rizikos jvertinimas
buvo atliktas Cox regresijos metodu (angl. Cox proportional hazards
regression), taikant kintamyjy isbraukimo metoda (angl. backward).
ApskaiCiuota santykiné rizika (HR, angl. hazard ratio) ir 95 %
pasikliautinieji intervalai (CI, angl. confidence interval). Cox analizé
patvirtinta Kaplan-Meier iSgyvenamumo kreivémis, kur grupiy
palyginimui naudotas Log-rank (Mantel-Cox) testas. Analizés
atliktos GraphPad Prism v5.3 ir MedCalc v18.6 programine jranga.

Visam grafiniam vaizdavimui naudota GraphPad Prism v5.3,
iSskyrus skrituling (Online Chart Tool) ir Venn diagramg (Venn
Diagram Plotter v1.5). Visais atvejais skirtumai laikyti statistiSkai
reikSmingais, Kai P-reik§mé buvo < 0,050.

REZULTATAI

miRNR prostatos véZio diagnostikai

Visuminé miRNR raiSkos analizé buvo atlikta 42 navikiniuose ir
12 nenavikiniy prostatos méginiy [Stuopelyte ir kt., 2016a].
Palyginus miRNR raiskg navikiniuose ir nenavikiniuose audiniuose,
statistiskai reikSmingai (P < 0,05) skyrési 113 miRNR, i§ kuriy 55
raiSka buvo padidéjusi, o 58 sumazéjusi. Validavimui buvo atrinkta
18 miRNR, i§ kuriy 11raiska buvo pakitusi navikiniuose vs.
nenavikiniuose audiniuose (miR-93*, 183*, -92a, -106b, -19b, -19a-,
148a, -375, -17 ir -340 buvo padidéjusios, o miR-31 sumazéjusios
raiskos), miR-365 ir miR-505* reik§mingai siejosi su biocheminiu
ligos atkry¢iu, o let-7b, miR-20a, -21, -195 ir -429 — su TMPRSS2-
ERG sulietiniu transkriptu. Validavimas buvo atliktas didesnéje
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meginiai). PV audiniuose iSaugusi raiSka patvirtina miR-148a, -375,
ir-19a (P = 0,027, P = 0,015 ir P = 0,024, atitinkamai). Taip pat kaip
ir visuminés raiskos tyrime, miR-429 kiekis buvo didesnis (P =
0,008) TMPRSS2-ERG  teigiamuose  navikuose.  Geresnés
diferenciacijos navikuose (G<(3+4) ir G<6) buvo rasta iSaugusi miR-
429 (P <0,001) ir -365 (P = 0,007) raiska, be to, miR-429 raiska
atvirksciai koreliavo su PSA koncentracija serume (Pearson r = -0,6,
P <0,0001).

miRNR analizei Slapimo nuosédose buvo atrinktos tik tos
miRNR, kurioms ne tik buvo biidinga intensyvi raiska PV audiniuose
(miR-148a, -375), bet ir buvo nustatytos statistiSkai reik§mingos

atrinktos miR-148a, miR-365, miR-375 ir miR-429 istirtos
300 slapimo méginiy, i§ kuriy 215 méginiy buvo PV atvejai
(PV1slapimas Kkateterizuotas, o PV2 surinktas Slapinantis) ir
85 kontroliniy asmeny méginiai (GPH kateterizuotas, o AK surinktas
Slapinantis). Ir analizuojant atskirose atitinkamose imtyse, ir
apjungus, PV ligoniy $lapime buvo rastas statistiSkai reikSmingai
padidéjes miR-375 kiekis, 0 miR-148a — sumazéjes (P < 0,001).
Didziausig diagnostinj potencialg turin¢iy $lapimo miR-148a ir miR-
375 jautrumas ir specifiSkumas buvo jvertintas atlikus ROC kreiviy
analize. Nustatyta, kad PV1 ir PV2 grupése miR-148a AUC jverciai
yra 0,78 ir 0,82, 0 miR-375 — 0,68 ir 0,80, atitinkamai. DidZiausia
diagnostiné verté buvo nustatyta Siy miRNR deriniui ir PV1 bei PV2
imtyse sieké AUC=0,79 ir 0,84, atitinkamai. Apjungus PSA ir
miRNR Zymenis, Zenkliai padidintas PSA testo jautrumas (84 %
vS. 64 %), specifiSkumas (76 % vs. 52 %) ir diagnosting¢ verté
(AUC= 0,85 vs. 0,51). PSA diagnostivé verté¢ padidéjo ir
analizuojant atvejus, kai serumo PSA Kkoncentracija buvo 4-
10 ng/mL: vadinamojoje PSA ,pilkojoje zonoje*“ PSA ir miRNR
derinio jautrumas, specifiSkumas buvo 84 % ir 82 %, atitinkamai, o
AUC sieke 0,90.
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MiRNR biocheminio atkry¢io prognozei

Visuminé 1347 miRNR raiskos analizé mikrogardelémis buvo atlikta
13 PV méginiy, i$ kuriy 7 atvejams véliau pasireiské biocheminé
ligos progresija [Stuopelyte ir kt., 2016b]. Tokiu buadu siekta
nustatyti agresyvy fenotipa lemianc¢ias miRNR. Palyginus navikus
pagal klinikines-patologines charakteristikas, nustatyta keliasdeSimt
statistiskai reik§mingai besiskirian¢iy miRNR. Remiantis nustatytais
poky¢iais, tyrimui didesn¢je méginiy imtyje atrinktos 6 miRNR
(miR-95, -206, -623, -885-3p, -1180 ir -3692%*), i§ kuriy dauguma
buvo susijusios su biochemine ligos progresija. Tyrimas vykdytas
kiekybinés PGR metodu anksciau aprasytoje 52 navikiniy (13 i$ jy
tirti mikrogardelémis) ir 12 nenavikiniy méginiy imtyje. Kiekybinés
PGR metodu buvo aptikta labai zema miR-206, -885-3p ir -3692*
raiSka, kai tuo tarpu miR-95, -623 ir -1180 raiSka prostatos
audiniuose buvo didesné. miRNR raiskg palyginus tarp navikiniy ir
nenavikiniy prostatos audiniy reikSmingy skirtumy nebuvo
nustatyta. Palyginus PV atvejus tarp klinikiniy-patologiniy PV
grupiy, iSsiskyré miR-95, kurios raiSka buvo didesné visais
agresyvesne ligg rodanciais atvejais: ribiné reikSmingumo verté (P =
0,054) vél nustatyta atvejams, kuriems véliau pasireiské biocheminé
ligos progresija, o reikSmingas padidéjimas rastas aukstesnio
diferenciacijos laipsnio (P = 0,041) ir sulietinj TMPRSS2-ERG
transkriptg turinc¢iuose navikuose (P = 0,026).

Kadangi atrinkty miRNR raiska buvo maza, o bandomojo miR-95
tyrimo $lapime metu buvo gauti nespecifiski rezultatai, dél kuriy
MiR-95 néra tinkama tyrimui organizmo skyséiuose, tolimesniam
tyrimui Slapime i§ mikrogardeliy analizés ir remiantis publikuotais
duomenimis buvo atrinktos 3 didelés raiskos ir su PV vystymuisi
siejamos miRNR: miR-19a, -19b ir -21. Palyginus PV specifiniy
miR-19a/b ir -21 kiekj 143 PV1 ir 23 GPH ligoniy $lapime, apie
1,5 karto didesnis miR-21 kiekis buvo rastas GPH atvejuose
(P = 0,010). Didziausia diagnostiné verté buvo btidinga visy miRNR
deriniui (AUC = 0,74), o miRNR prijungus prie PSA, buvo pagerinta
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PSA testo diagnostiné verté¢ (AUC = 0,74 vs.0,51). Atlikus Kaplan-
Meier iSgyvenamumo analiz¢ nustatyta, kad ligoniams, kuriy
Slapime, surinktame operacijos metu, esant mazesniam kiekiui miR-
19b (P = 0,014) arba maZesniam miR-19b ir dideshiam kiekiui miR-
19a (P = 0,016) biocheminé progresija po radikalios prostatektomijos
pasireiske statistiskai reikSmingai greiciau.

miRNR atsako j gydyma prognozavimui

miR-148a, -365, -375 ir -429 buvo istirtos 51 $lapimo méginyje,
surinktame i§ 22 KAPV serganciy ligoniy prie§ gydyma abiraterono
acetatu (AA-0) ir jo eigoje — ligai progresavus arba 2 Kkartus kas
6 mén. (AA-1/2) (Stuopelyte ir kt., rankrastis). Palyginus miRNR
kiekj KAPV su anksCiau aprasytomis neagresyvios eigos PV1 ir PV2
ir kontroliniy asmeny (GPH ir AK) imtimis, miR-429 kiekis KAPV
Slapimo méginiuose buvo didziausias i$ visy lyginty im¢iy. Atlikus
miR-375, miR-429 ir jy derinio ROC analiz¢ paaiskéjo, kad miR-
148a ir miR-375 derinys pralenkia atskiry miRNR diagnosting vertg.
Isgyvenamumo analiz¢, atlikta su AA-0 méginiais, atskleidé, kad
ligoniy, kuriy AA-0 méginiuose buvo nustatytas mazesnis kiekis
miR-148a, PFS yra reikSmingai trumpesnis (4,6 vs. 7,5 mén.,
P=0,019). Atlikus miRNR deriniy analiz¢ nustatyta, kad trumpesnis
PFS budingas ligoniams, kuriy §lapime yra maziau miR-148a ir miR-
375 bei atvirks¢ias Kiekis miR-148a ir miR-429. Visy rodikliy Cox
regresijos analizé patvirtino, kad remiantis miR-148a PFS galima
nuspéti nepriklausomai nuo kity kintamyjy. Atlikus OS analizg
nustatyta, kad ligoniai, kuriy Slapime buvo nustatytas mazesnis
kiekis abiejy ar bet kurios i§ miR-148a ir miR-375, OS buvo
statistiSkai reikSmingai trumpesnis. Visy rodikliy Cox regresiné
analizé taip pat patvirtino, kad remiantis miR-148a ir miR-375
deriniu OS galima nuspéti geriausiai, taciau modelio statisting
reik§mé buvo ribiné (P=0,060).
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AR-V atsako j gydyma prognozei

Palyginus AR-FL ir AR varianty (AR-V1, -V3 ir -V7) raiska tarp
100 navikiniy ir 12 nenavikiniy prostatos audiniy, statistiSkai
reikSmingi skirtumai buvo nustatyti AR-V1 ir AR-V7 atveju
[Stuopelyte ir kt., 2020]. Siy transkripty raiska buvo didesné ir
atvejuose, kuriems véliau pasireiské BCR, o aukstesné AR-V7 raiska
patikimai siejosi su trumpesniu i§gyvenamumu be BCR.

AR-FL ir AR varianty transkripty kiekis buvo jvertintas
199 kraujo méginiuose, surinktuose i§ 102 KAPV serganciy ligoniy
prie§ pradedant gydymg AA (AA-0, N=102) ir jo metu (AA-1/2,
N=83) bei is atitinkancio amziaus sveiky kontroliniy asmeny (N=14).
AR-FL buvo nustatytas visuose KAPV kraujo méginiuose (N=185),
0 AR-V1, -V3 ir -V7 buvo aptikti 17 % (N=31), 55 % (N=101) ir
65 % (N=121), atitinkamai. Bent vienas AR-V nustatytas 81 %
(149/185) KAPV kraujo méginiy, o didelis bent vieno AR-V
transkripto kiekis buvo biidingas 44 % (82/185) KAPV méginiy. 1§
98 ligoniy, kuriems atsakas j gydyma buvo Zinomas, trumpas ir
vidutinis atsakas buvo biuidingas lygiai pusei atvejy (PFS < 8,0 mén.,
49/98, 50,0). Palyginus AR-V kiekj tarp skirtingo atsako ligoniy,
maziausias AR-V transkripty keikis buvo nustatytas atvejams su
ilgiausiu atsaku (>8 mén.), kai tuo tarpu AR-V1 kiekis buvo 10 karty
(P=0,023) didesnis vidutinio ir >40 karty (P<0,001) — trumpo atsako
ligoniams.

Pavieniy kintamyjy Cox regresiné analizé parodé, kad didesnis
kiekis AR-FL reik§mingai siejasi su trumpesniu PFS (P=0,006). I$
AR-V reik§mingiausia sgsaja buvo nustatyta AR-V1. Kapan-Meier
iSgyvenamumo kreiviy analizé patvirtintino didesnio kiekio AR-FL
ir AR-V1 kiekio sgsajg su trumpesniu PFS. Taip pat trumpesnis
iSgyvenamumas be progresijos buvo biidingas ir tiems atvejams,
kuriy kraujyje buvo nustatytas didesnis bet kurio transkripto kiekis
arba daugiau AR-FL ir bet kurio i§ AR-V transkripto derinys. Visgi
didZiausig prognosting reikSme turéjo AR-FL ir AR-V1 derinys
(6,6 vs. 19,9 mén.; P < 0,0001; HR 3,0, 95 % CI 1,7-5,1). Atlikus
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pavieniy kintamyjy analiz¢ OS atveju, visi AR transkriptai, i§skyrus
AR-V7, statistiSkai reikSmingai siejosi su trumpesniu OS.
Analizuojant visus kintamuosius kartu, AR-FL ir AR-V1 isliko
nepriklausomi  kintamieji OS prognozavimui. Kaplan-Meier
iSgyvenamumo kreiviy analizé patvirtino atskirai analizuojamy AR-
FL, -V1 ir -V3 prognosting OS vertg, taCiau statistiSkai
reikSmingesnés sasajos buvo gautos AR transkripty deriniams, i$
kuriy stipriausia, kaip ir PFS atveju, buvo AR-FL ir AR-V1
kombinacija (13,2 mén. vs. nepasiekta; P < 0,0001; HR 3,7, 95 % ClI
2,2-6,2).

ISVADOS

1. miR-375 ir miR-148a raiska yra statistiSkai reik§mingai didesné
PV audiniuose (P = 0,015 ir P = 0,027, atitinkamai), o0 miR-429 —
TMPRSS2-ERG teigiamuose navikuose (P = 0,008). Geresnés
diferenciacijos navikuose (G<(3+4) ir G<6) nustatyta didesné
mMiR-429 ir miR-365 raiska (P < 0,001 ir P = 0,007, atitinkamai).

2. PV ligoniy Slapime miR-375 kiekis yra reikSmingai didesnis, o
miR-148a mazesnis nei kontroliniy asmeny (P < 0,001). miR-
148a ir miR-375 derinio diagnostiné verté yra didesné nei
analizuojant pavienes miRNR ir virSija PSA testo diagnosting
verte (AUC =0,85 vs. 0,51) net PSA koncentracijai esant 4-10
ng/mL (AUC = 0,90).

3. MiR-19a/19b ir miR-21 derinio diagnostiné verté yra didesné nei
analizuojant pavienes miRNR ir virSija PSA testo diagnosting
verte (AUC = 0,74 vs. 0,51). Mazesnis miR-19b Kkiekis ir
mazesnis miR-19b bei didesnis miR-19a kiekis PV ligoniy
Slapime prognozuoja greitesn¢ biocheming progresijg (P = 0,014
ir P = 0,016, atitinkamai).

4. miR-148a, -365, -375 ir -429 kiekis reik§mingai skiriasi KAPV,
lokalaus PV ir kontroliniy asmeny grupiy Slapime (P < 0,05), o
miR-375 ir miR-429 derinys specifiskiau atskiria KAPV ligonius
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nei tiriant pavienes miRNR (P < 0,01). Trumpesnj iSgyvenamuma
be progresijos AA gydomiems ligoniams prognozuoja Slapime
nustatytas mazesnis kiekis miR-148a, o bendrajj i§gyvenamuma —
mazesnis kiekis abiejy arba bet kurios i§ miR-148a ir miR-375
(P =0,033ir P =0,035, atitinkamai).

. AR-V1 ir AR-V7 raiska yra reik§mingai didesné navikiniuose nei
nenavikiniuose prostatos audiniuose (P = 0,025 ir P = 0,027,
atitinkamai), o aukStesné AR-V7 raiska progresavusiuose
atvejuose (P = 0,010) siejasi su trumpesniu iSgyvenamumu be
biocheminés ligos progresijos (61 mén. vs. nepasiekta mediana,
P =0,050).

. AR-FL buvo nustatytas visuose 185 kraujo méginiuose, o bent
vienas AR-V — 81 % KAPV kraujo méginiy. Didesnis AR-FL ir
AR-V1 transkripty kiekis KAPV ligoniy kraujyje yra
nepriklausomas  kintamasis, = prognozuojantis  trumpesnj
iSgyvenamumg be progresijos (HR 3,0, 95 % CI 1,7-5,1) ir
bendrajj iSgyvenamuma (HR 3,7, 95 % CI 2,2-6,2), gydant AA.
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PADEKA

Noréciau nuoSirdziai padékoti savo mokslinei vadovei prof. Sonatai
Jarmalaitei uz galimybe atlikti tyrimus jos vadovaujamoje mokslinéje
grupéje, uz vertingas pastabas ir paskatinimg, — visa tai augino mane ne
tik kaip mokslininke, bet ir kaip Zzmogy. Taip pat dékoju prof. habil. dr.
Juozui Rimantui Lazutkai uz mokslines ir gyvenimiskas diskusijas. Acia
Suomijos institutuose dirbantiems mokslininkams, prof.  Kirsti
Husgafvel-Pursiainen ir dr. Eevai Kettunen i§ Suomijos profesinés
sveikatos instituto Helsinkyje ir prof. Tapio Visakorpi bei dr. Benediktai
Haflidadéttir i§ Prostatos vézio tyrimy centro Tamperéje, kad priémé
stazuotéms ir suteiké vertingy Ziniy ir praktiniy jgiidZiy.

Dékoju Justinai Tverkuvienei ir dr. Kristinai Danitinaitei uz globa
pradedant tyrimus Zmogaus genomo tyrimy centre. Atskiras adiii dr.
Rasai Sabaliauskaitei ir Ritai Bandariaviciiitei uz mokslines diskusijas,
nusidriekianCias uz laboratoriniy staly riby. Dékoju kolegéms:
Raimondai, Agnei, levai, Kristinai, Benitai, kurios, kurdamos draugiska
atmosferg laboratorijoje, nejucia tapo draugémis ir realiame gyvenime.
Aciu visam Botanikos ir genetikos katedros kolektyvui uz draugiska
darbo aplinkg ir visapusisSka palaikyma.

Noréciau padékoti visiems NVI ir VULSK gydytojams, medicinos ir
aptarnaujan¢iam personalui, kurie prisidéjo prie vertingy meéginiy
rinkimo projektinéms veikloms. Ypatingai noréciau padékoti prof. dr.
Feliksui Jankevic¢iui uz vertingus komentarus ir pastabas, o Arnui
Bakavi¢iui uz kruopsty klinikiniy duomeny rinkimg. NuoSirdus acii
projektuose sutikusiems dalyvauti ligoniams ir jy Seimy nariams.

Acit Lietuvos mokslo tarybai ir ES struktiirinés paramos fondams uz

projekty finansavima, LMT ir VU — uz stipendijas, aciti draugiSkoms
firmoms, kurios kantriai tieké netikétai greitai pasibaigusius reagentus.

Dékoju mamai, mociutei, draugo Seimai ir draugams, kurie visada
mane palaikeé ir skatino eiti tolyn. Ir, Zinoma, dékoju biisimam vyrui
Simui, kuris jau maté, ka reiskia pasakymas ,,ir varge®.
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