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Aim. To determine the expression profiles of a set of cancer-associated genes in prostate tumors,
using various normalization protocols (with 1, 2 and 4 reference genes) and to optimize a
combination of reference genes to calculate the relative expression (RE) of the investigated
genes in prostate cancers. Methods. Relative expression level of 23 genes was analyzed by
quantitative PCR (qPCR) in 37 prostate cancer tissues (T) with different Gleason scores (GL)
and at various stages and compared with 37 corresponding normal prostate tissue (CNT)
samples and with 20 samples of prostate adenomas. Results. Theoretical calculations of the
RE deviation showed no influence of the normalization protocols on the results for both the
reference and the investigated genes. The experimental data that were calculated using a 2-AACt
showed statistically significant differences in the expression of 17 out of 23 investigated genes,
when the paired T/CNT were compared. RE values calculated using the 2-2¢t method showed
a high similarity of statistical data in all reference gene groups for tumor-CNT-adenoma groups
(> 82 %). Data grouping by a cancer stage showed 69 %, and by the GL score — 64.5 % of
the data overlapping. Conclusions. All three types of normalization protocols, as expected,
can be used for RE normalization in prostate tumor samples. The usage of either the 2-Ct or
2-AACt models showed no difference in the calculated RE levels for the studied reference genes.
The most important factor was the constitutive expression of the reference genes. Moreover,
the expression levels of the investigated genes, changes in RE values, number of samples in
groups and heterogeneity of gene expression are important parameters for the selection of the
threshold in expression level differences between groups for a reliable data interpretation.
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Introduction

A quantitative real-time PCR (qPCR) is a
widely used method to assess the gene expres-
sion in a basic and clinical research [1-3].
Relative quantification requires the use of a
reference gene (or a few reference genes) for
normalization of the gene expression. Usually,
several housekeeping genes are used for this
purpose [4]. The main quality of the reference
gene is the constitutive expression under vari-
ous experimental conditions, and also in path-
ological processes and in specific tissues.

It is known that upon carcinogenesis the
expression of many genes, including some
housekeeping genes, altered. This creates prob-
lems when searching for the reference genes
for qPCR normalization, as there are no refer-
ence genes universal for all types of tumors [5].
Such genes must be validated, according to a
tumor type and experimental conditions.
Moreover, the features of their expression
should also be considered. This is especially
important for the low-expressed genes, which
are often the subject of research, due to the
peculiarity of their functions in physiological
and pathological processes.

The validation of the reference genes for
prostate tumors, lymph nodes from patients
with prostate cancer and also prostate cancer
cell lines resulted in the creation of a set of
genes, namely 7BP, HPRTI, ALASI, TUBAIB,
GAPDH and B2M that are expressed constitu-
tively in prostate cancer and normal tissues,
making them suitable for qPCR normaliza-
tion [6-9].

In the present work, we used four reference
genes (TBP, HPRT1, ALASI, TUBA1B) in dif-
ferent combinations — from 1 to 4 genes, to
compare the qPCR results after normalization.
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Materials and Methods

Collection of prostate tissues. The samples
of cancer tissues and conventional normal tis-
sues (CNT, taken from the other prostate lobe
outside of the tumor) were frozen in the liquid
nitrogen immediately after surgical resection
at the National Cancer Institute (Kyiv,
Ukraine). Benign prostate tumors (prostate
adenoma samples) were collected at the
Institute of Urology (Kyiv, Ukraine) after rad-
ical prostatectomy and frozen as described
above. All samples were collected in accor-
dance with the Declaration of Helsinki and the
guidelines, issued by an Ethic Committee of
the Institute of Urology of National Academy
of Medical Sciences of Ukraine and of the
National Cancer Institute of National Academy
of Sciences of Ukraine (NASU), and the Ethic
Committee of the Institute of Molecular biol-
ogy and genetics of NASU. Experimental stud-
ies were conducted, using 37 prostate adeno-
carcinoma samples of different Gleason scores
and at various stages; 37 corresponding con-
ventional normal tissue (CNT) samples; and
20 samples of adenomas [10, 11]. The tumor
samples were characterized, according to the
International System of Classification of
Tumors, based on the tumor-node-metastasis
(TNM) and the World Health Organization
(WHO) criteria. The clinical characteristics of
the tumors were described earlier [10, 11].
Total RNA isolation and cDNA synthesis.
5070 mg of frozen prostate tissues were ho-
mogenized to a powder in liquid nitrogen.
Total RNA was isolated, using TRI-reagent
(Sigma-Aldrich, USA). The concentration of
the isolated total RNA was assessed, using a
spectrophotometer (NanoDrop Technologies
Inc. USA). The quality of RNA was deter-
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mined by electrophoresis in a 1 % agarose gel
by band intensity of 28S and 18S rRNA
(28S/18S ratio). 1 pug of the total RNA was
treated with RNase-free DNase [ (Thermo
Fisher Scientific, USA); cDNA was synthe-
tized, using RevertAid H-Minus M-MuLV
Reverse Transcriptase (Thermo Fisher
Scientific, USA).

Quantitative PCR (qPCR). Relative gene
expression (RE) levels of 23 genes were as-
sessed, using the Bio-Rad CFX96 Real-Time
PCR Detection System (USA) with Maxima
SYBR Green Master mix (Thermo Fisher
Scientific, USA). The qPCR cycling conditions
were as follows: 95°Cx107, (95°Cx15"", 60°C
%3077, 72°Cx30"" for 40 cycles). Primers were
selected with the help of a “qPrimerDepot —
A quantitative real time PCR primer database”
(http://primerdepot.nci.nih.gov) and Primer-
BLAST (https://www.ncbi.nlm.nih.gov/tools/
primer-blast/).

Four reference genes — TBP, HPRTI,
ALAS1 and TUBA 1B — were used for normali-
zation of RE levels [4, 7] in different combina-
tions: 1 reference gene (1 ref) — TBP, 2 refer-
ence genes (2 ref) — TBP and HPRT and 4 refe-
rence genes (4 ref) — 7TBP, HPRT, ALASI and
TUBAIB. RE levels were calculated, using two
common methods (2-ACtand 2-2ACt) described
earlier [10-12].

Statistical analysis. The Kolmogorov-
Smirnov test was used to analyze the normal-
ity of distribution. The RE levels in prostate
adenocarcinoma and paired CNT were com-
pared, using the Wilcoxon Matched Pairs test.
RE fold differences in 2-24ACtmodel were con-
sidered significant, when expression changed
more or less, than 2 folds. The Fisher exact
test was used to monitor differences between

experimental groups. The differences between
experimental groups (adenocarcinomas, CNT
and adenomas) were determined by Kruskal-
Wallis test with following tests for multiple
comparisons. The Dunn-Bonferoni post-hoc
test was performed to determine RE differ-
ences between pairs of prostate samples under
multiple gene comparisons [13]. The Benja-
mini-Hochberg procedure was used to adjust
a false discovery rate (FDR) set at 0.10-0.25,
when multiple comparisons were per-
formed [14].

Results

RE of 23 genes, representing markers of can-
cer-associated fibroblasts (CAF) (the CAF
gene group), tumor-associated macrophages
(TAM) (the TAM gene group) and inflamma-
tion-associated genes (the INF gene group)
have been determined. Genes were divided
also by RE level into three groups: showing a
high expression (Ct < 20 cycles), the moder-
ate expression (Ct = 20-29 cycles) and the
low expression (Ct > 29 cycles).

The reference genes ALASI and TUBAIB
showed a high level of expression, whereas
TBP and HPRT were expressed at a moderate
level. TBP demonstrated the lowest expression
level among the references. Only three genes
(ACTA2, MSMB and HLA-G) out of 23 studied
demonstrated high RE levels. 10 genes were
expressed at a moderate level and 10 — at low
level of expression.

A theoretical calculation of a hypothetical
deviation of the RE of reference genes ex-
pressed at high and low levels was developed,
taking 0.5 Ct as a hypothetical error. RE of the
studied genes was calculated, using the 2-ACt
method (Table 1).

87



G. V. Gerashchenko, E. O. Stakhovsky, L. I. Chashchina et al.

Table 1. Calculation of changes in RE of
investigated (Inv) and reference (Ref) genes,
expressed at different levels (high (h),

moderate (m) and low (1)), when the hypothetical
error was 0.5 Ct (e).

Genes Ct Ref Invl low Inv2 high
Ct Inv 31 17
RE /Ref h 15 0.000015 0.250
RE /Ref he 15.5 0.000022 0.354
RE /Ref m 25 0.016 256.000
RE /Ref me 25.5 0.022 362.039
RE /Ref1 32 2.000 32768.000
RE /Refle 325 2.828 46340.950
RE fold changes
Ref he/h 1.414 1.414
RE fold changes
Ref me/m 1.414 1.414
RE fold changes
Ref e/l 1.414 1.414

Notes: Ref h — high expression of the reference gene, Ref he —
Ref h with 0.5 Ct error, Ref m — moderate expression of the
reference gene, Ref me — Ref m with 0.5 Ct error, Ref 1 — low
expression of the reference gene, Ref le — Ref with 0.5 Ct error.

Our calculations showed that the RE devia-
tion with an error of 0.5Ct for reference genes
was the same (1.414) for all analyzed genes,
regardless expression levels of the reference
genes (Table 1). This data indicates the impor-
tance of the constitutive expression of the
reference gene when comparing RE of the
analysed and the reference genes.

The experimental data calculated, using the
2-MCtmodel, showed statistical significant dif-
ferences between the paired T/CNT in one
reference group (17 out of 23 investigated
genes) (Table 2).

A complete match of statistical data was
observed for all three reference groups for 16
out of 23 genes. Eleven genes beyond 16
showed significant changes of RE in all three
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reference groups; 7 of these genes were ex-
pressed at high and moderate levels. Divergen-
ces of RE were observed for 7 genes in
10 comparative groups, 6 of which showed
low expression. Thus, the threshold value of
matching differences for highly and moder-
ately expressed genes was set at 25-30 %
(10-11 samples out of 37), whereas for low
expressed genes the value should be no less,
than 35 % (more than 13 samples out of 37),
to avoid possible expression deviations of the
reference genes and minimize the influence of
qPCR reaction inhibitors for PCR analysis of
low-expressed genes.

RE values were investigated using the 2-ACt

method for three sets of the samples:

1. The TNA set — 3 total sample groups:
Adenocarcinomas (T, n = 37), CNT (N,
n = 37) and adenomas (A, n = 20);

2. The cancer stage set — 5 groups of sam-
ples at the various tumor stages: adeno-
carcinomas of stage 1-2 (T1-2, n = 28),
adenocarcinomas of stage 3-4 (T3-4,
n=9), CNT of stage 1-2 (N1-2, n = 28),
CNT of stage 3-4 (N3-4, n =9), adeno-
mas (A, n = 20);

3. A set divided by the GL — 7 groups: ad-
enocarcinomas GL <7 (T <7, n = 11),
adenocarcinomas GL=7 (T=7,n=9),
adenocarcinomas GL>7 (T >7,n=17),
CNTGL <7 (N<7,n=11), CNT
GL=7(N=7,n=9), CNT GL > 7
(N >7,n=17), adenomas (A, n = 20).

Fold changes in RE for genes with statisti-

cally significant differences between sample
groups (with normalization by 3 reference
types) and p-values are shown in Table 34-C.

A high similarity was found for all three

reference groups with different types of group-
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Table 2. Numbers of adenocarcinoma samples with changes in RE (2-99Ct model), normalized with the use

of 1, 2 or 4 reference genes

Gene group Genes 1 reference gene 2 reference genes 4 reference genes
>2.01 <0.49 >2.01 <0.49 >201 <049

ACTA2 9 4 9 3 7& 3

CXCL14 19 3 19 4 17 4

CTGF 12 0 12 2 11 1

CAF HIFI1A4 5 0 3 0 3 0
510044 6 3 5 ) 5

THY1 9 3 9 ) 7& |

CXCLI2 7 5 6 4 6

FAP 12 0 11 1 13 1

CD68 8 4 6 3 5 6

CD163 14 5 12 6 11 5
TAM CCRY 8 9 6 8 5 10
CCL17 8 6 9 8 10 8

CCL22 10 8 6 7 6 6
NOS2A4 7 16 6 13 4 15

MSMB 6 10 5 10 6 9

HLA-G 2 3 3 4 4 5

IRFI TI 3 6 4 3 6

ILIRI T17 1 11 1 1 8

INF CIAS 4 6 4 3 5
CTLA4 5 11 8 12 6 7

ILIRL1 2 11 3 8 3 7

IL2RA 8 8 8 7 7 6

KLRK 8 10 8 9 7 4

Notes: statistically significant differences between T/CNT, calculated, using the Fisher exact test with correction on
multiple comparisons, FDR = 0.2 are shown in bold (black and red); in black (bold) — statistically significant differ-
ences, that have a complete match for all groups of reference genes; in red (bold) —divergences of statistical results
between reference groups; & — significant differences with FDR = 0.2; green boxes — highly expressed genes; white
boxes — moderately expressed genes; pink boxes — low expressed genes.

ing of analyzed samples (> 82 % — TNA group,
69 % — Cancer stage group, 64.5 % — GL
group).10 out of 23 genes in the TNA sample
groups showed significant differences in RE
in 17 pairs (Table 34). No similarity was ob-
served for the 3 reference group normalization

in 3 sample groups of TNA (17.65 %) with RE
fold changes less than 1.7 times.

Another grouping type (by tumor stages)
(Table 3B) demonstrated significant differ-
ences in RE for 14 genes in 45 pairs of sample
groups. No similarity in the 3 reference group
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Table 3. Differences in the fold changes and p-values of RE differences between pairs of groups,

calculated by the Dunn-Bonferroni post hoc method for multiple comparisons, normalized to various
reference genes in prostate tumors, grouped by TNA (A), stages (B), Gleason score (C).

A.
Gene . Fold changes p-value
Gene Pairs of groups
group 1 ref 2 ref 4 ref 1 ref 2 ref 4 ref
T/A 7.80 6.57 6.03 0.000 0.000 0.000
CXCL14 T/N 3.26 2.32 2.27 0.011 0.019 0.025
N/A 2.39 2.83 2.66 0.005 0.002 0.003
T/A 2.06 2.43 2.51 0.001 0.000 0.001
CTGF
CAF T/N 1.58 1.51 1.50 0.036 0.041 0.055%
THY1 T/A 1.87 1.79 1.71 0.017 0.006 0.011
T/A 0.35 0.39 0.45 0.000 0.000 0.000
CXCLI12
N/A 0.38 0.40 0.41 0.001 0.000 0.000
FAP T/A 1.63 1.78 1.91 0.049 0.024 0.015
CD163 T/A 2.14 1.68 1.39 0.045 0.129 0.250
CCR4 T/A 0.57 0.56 0.54 0.037 0.009 0.002
TAM N/A 0.78 0.71 0.70 0.149 0.054% 0.040
T/A 2.12 1.99 2.09 0.004 0.009 0.015
CCL17
N/A 1.77 1.71 1.51 0.016 0.038 0.065
ILIRI T/A 0.69 0.52 0.51 0.031 0.023 0.005
INF T/A 2.40 2.13 2.16 0.043 0.023 0.016
CTLA4
N/A 2.72 3.12 2.61 0.001 0.002 0.003
B.
Gene . Fold changes p-value
Gene Pairs of groups
group 1 ref 2 ref 4 ref 1 ref 2 ref 4 ref
T1-2/A 6.48 6.4 5.84 0 0 0
T3-4/A 17.82 7.66 6.98 0 0 0
CXCL14
N3-4/A 6.09 6.27 5.55 0.008 0.004 0.004
T1-2/N1-2 3.56 2.75 2.66 0.036 0.06 0.089
T1-2/A 2.08 2.48 2.33 0.001 0.001 0.005
CAF CTGF
T1-2/N3-4 3.31 222 2.06 0.001 0.006 0.028
T1-2/T3-4 2.47 2.83 1.92 0.001 0.003 0.008
T1-2/N3-4 2.65 3.03 2.14 0 0.001 0.001
HIF14
T3-4/A 0.43 0.4 0.49 0.012 0.012 0.01
N1-2/N3-4 2.02 2.49 2.03 0.03 0.026 0.012
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continued Table 3B

Gene , Fold changes p-value
group Gene Pairs of groups I ref 2ref 4ref 1 ref 2 ref 4ref
HIFIA N3-4/A 0.4 0.38 0.44 0.005 0.004 0.001
THYI T1-2/A 1.69 2.28 1.8 0.026 0.013 0.041
TI-2/A 0.46 0.41 0.41 0.002 0.001 0
CAF T3-4/A 0.41 0.41 0.47 0.008 0.028 0.034
N1-2/A 0.54 0.45 0.43 0.022 0.011 0.001
N3-4/A 0.41 0.34 0.37 0.004 0.007 0.002
TI1-2/A 1.32 1.85 1.94 0.051& 0.043 0.057&
T1-2/T3-4 4.51 2.96 2.75 0.056% 0.021 0.082
CD68 T1-2/N3-4 4.01 3.96 1.34 0.04 0.033 1
T3-4/N1-2 0.22 0.34 0.34 0.111 0.048 0.166
T1-2/T3-4 0.07 0.08 0.07 0.045 0.042 0.016
T1-2/N3-4 0.1 0.11 0.09 0.114 0.083 0.05
D163 T3-4/A 17.8 17.13 17.51 0.002 0.005 0.005
T3-4/N1-2 12.78 15.26 17.81 0.006 0.005 0.003
N1-2/N3-4 0.11 0.1 0.07 0.019 0.011 0.01
N3-4/A 12.84 11.42 13.46 0.006 0.011 0.017
T1-2/T3-4 2.55 2.08 1.99 0.06 0.049 0.062
T3-4/A 0.26 0.34 0.34 0.002 0 0
Tam | “4 T3-4/N1-2 0.31 0.45 0.48 0.04 0.027 0.037
N3-4/A 0.55 0.56 0.59 0.105 0.034 0.203

T1-2/N3-4 0.2 0.16 0.12 0.023 0.014 0.009
T3-4/A 8.49 8.59 9.52 0.006 0.005 0.004
T3-4/N1-2 7.12 7.41 8.82 0.113 0.05 0.023
N1-2/N3-4 0.11 0.1 0.07 0.001 0.001 0

N3-4/A 10.41 11.05 14.72 0 0 0

T1-2/T3-4 3 3.15 2.7 0.004 0.006 0.044
T1-2/A 1.93 2.19 2.32 0.012 0.025 0.039
T3-4/N1-2 0.41 0.39 0.47 0.015 0.032 0.156
T3-4/N1-2 0.16 0.23 0.16 0.014 0.013 0.008
N1-2/N3-4 5.12 5.73 4.63 0.039 0.047 0.125
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continued Table 3B

Gene . Fold changes p-value
Gene Pairs of groups
group 1 ref 2 ref 4 ref 1 ref 2 ref 4 ref
T3-4/A 0.32 0.26 0.27 0.086 0.039 0.007
ILIRI1
N3-4/A 0.51 0.54 0.37 0.237 0.178 0.014
INF T1-2/A 2.33 2.32 2.25 0.127 0.047 0.047
N1-2/A 2.65 2.85 2.49 0.021 0.016 0.022
N3-4/A 3.78 3.81 3.09 0.028 0.077 0.113
C.
Gene ) Fold changes p-value
Gene Pairs of groups
group 1 ref 2 ref 4 ref 1 ref 2 ref 4 ref
T<7/A 4.47 4.86 3.74 0.022 0.016 0.058
T=7/A 7.91 6.57 6.27 0 0 0
CXCL14
T>7/A 8.61 8.07 7.56 0 0 0
N>7/A 422 4.8 4.43 0.017 0.007 0.008
T<7/A 3.12 4.07 3.13 0.041 0.022 0.098
CTGF T=7/A 3.19 2.87 2.57 0.005 0.011 0.027
T=7N>17 2.57 2 1.75 0.019 0.099 0.176
CAF T=7T>7 2.45 2.36 2.14 0.001 0.002 0.004
HIFIA
T=7N>7 1.97 2.03 2.09 0.001 0.004 0.006
THY1 T<7/A 1.96 2.59 1.78 0.078 0.026 0.098
T<7/A 0.56 0.56 0.48 0.222 0.176 0.009
T=7/A 0.31 0.38 0.29 0.118 0.073 0.003
T>7/A 0.33 0.37 0.43 0.001 0.001 0.001
N=7/A 0.32 0.36 0.35 0.15 0.146 0.035
N>7/A 0.34 0.35 0.37 0.004 0.003 0.001
T<7/T>7 3 3.24 3.29 0.027 0.02 0.025
CCR4 T>7/A 0.42 0.39 0.34 0.005 0.001 0
N>7/A 0.55 0.57 0.66 0.103 0.033 0.04
TAM
T>7/A 3.18 2.93 3.39 0.002 0.003 0.004
N>7/A 2.98 3.12 2.79 0.002 0.005 0.01
T<7/A 2.35 2.46 2.58 0.037 0.045 0.051
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continued Table 3C

Gene Fold changes p-value
Gene Pairs of groups
group:
group 1 ref 2 ref 4 ref 1 ref 2 ref 4 ref
T>7/N=7 0.1 0.13 0.15 0.004 0.001 0.002
TAM NOS24
N=7/N>7 7.42 6.42 4.44 0.052& 0.027 0.045
T>7/A 0.39 0.41 0.37 0.059 0.027 0.006
ILIRI
T>7/N=17 0.26 0.23 0.27 0.015 0.018 0.032
T<7/A 4.1 4.8 4.5 0.012 0.002 0.002
T<7/T>17 2.25 2.81 2.68 0.125 0.031 0.031
INF CTLA4
T>7/N=17 0.32 0.44 0.4 0.042 0.065 0.065
N=7/A 5.62 3.92 4.18 0.004 0.006 0.006
T<7/A 2.18 2.44 1.89 0.02 0.003 0.008
IL2RA
T<7/T>7 0.2 0.12 0.09 0.075 0.006 0.061

Notes: & — significant differences with FDR = 0.2; red p-value; — p < 0.05 is considered as statistically significant;
p-value 0.000 — p < 0.001; white boxes — moderately expressed genes; pink boxes — low expressed genes

normalization was observed for 14 pairs of
sample groups (31 %) with RE changes less
than 3—4 folds.

Prostate cancers grouped by GL (Table 3C)
showed significant changes in RE for 12 genes
out of 23, for 31 pairs of samples. No similar-
ity in the 3 reference group normalization was
observed for 11 sample groups (35.5 %) with
changes in RE less than 5 fold.

Discussion

Performed hypothetical calculations indicate
that the expression of both, reference and ana-
lyzed genes does not influence the deviation
(variation) in obtained RE, if the 2-AC¢t method
was used. This confirms the need for constitu-
tive expression of reference genes in all ana-
lyzed samples [5, 6]. Some cautions concern
the low expressed genes, for example, during
PCR analysis the PCR inhibitors may increase.
By PCR inhibitors we mean formed dimers of

primers, non-specific products and loss in the
activity of Tag-polymerase [15—17]. All these
factors inadvertently impact the efficiency of
PCR, thus, resulting in erroneous RE levels.
This, in turn, leads to difficulties in assessment
of the low expressed genes, regardless of the
optimization of qPCR conditions. Especially,
this is important if the reference genes are
expressed at low levels. So, the low expressed
genes should not be chosen as the reference.
Other parameters that impact RE are the va-
lues of fold changes and a proportion of the
samples where the expression of a certain gene
changed significantly. High heterogeneity of
gene expression in prostate cancer samples [ 18]
makes this impact more complicated. Note-
worthy, in the cases, when fold change is high,
the expression levels of the reference do not
influence the calculated values, as shown by our
results and literature data [7, 13]. When we
compared the changes lower than 2-fold or in a
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proportion of samples below 30 % of all studied,
even if differences in RE were statistically sig-
nificant, we could get both, false positive and
false negative results, namely differences could
appear where they are not present, groups over-
lapped, etc. This impact became more evident,
when the low expressing genes were analysed,
using both methods, the 2-A¢t and 2-AACt,

The next important factor of the statistical
analysis 1s the number of samples in a group
[19]. This is supported by the data presented in
this article. For example, the largest number of
samples in groups (20 to 37 grouped samples
(TNA group)) produced the lowest proportion
of inconsistences of statistical results for all
reference groups. Additionally, this amount of
samples in groups demonstrated the highest rate
of matching results (82 %) and the lowest
threshold of fold changes (1.7 times) to observe
the statistically significant differences between
the analysed groups for all of reference genes.

The type of grouping is no less important,
than the number of samples in groups. Obviously,
the gene expression pattern correlates with the
clinical and pathological characteristics, thus
providing the possibility to define the genes with
altered expression at a given stage of the disease
(HIF14, CD68, CCL22, NOS2A1), or related to
a specific GL score (HIF1A4, CCL22, NOS2A,
IL2RAT). Noteworthy, in the TNA group, that
contained tissues, collected at the different stag-
es of disease or tumors attributed with various
GL score, the expression changes were nullified,
due to a high RE deviation.

Conclusions

All three types of reference genes can be used
for normalization of RE for prostate tumor
samples. The differences in the expression
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levels of investigated and reference genes have
no impact regardless usage of the 2-ACt and
2-AACt models; the constitutive expression of
reference genes is the important parameter.
Thus, the values of expression of the analysed
genes, as well as RE value changes, the num-
ber of samples in groups and high heterogene-
ity of gene expression are important parame-
ters for choosing the threshold level differ-
ences between the groups of samples for reli-
able data interpretation.
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Poub piBHIB excnpecii peepeHcHux
Ta A0CTAiAKyBaHUX IeHIiB P paKky nepeamMixypoBoi
3as03u y KIIJIP ananisi

I'. B. I'epamenko, E. O. Craxoscekuid, JI. I . Yammna,
O. I1. I'puzony0, B. 1. Kaury6a

Meta. BusnaunTy nipodini ekcripecii myxJmHo-acoriifosa-
HUX T€HIB y MyXJIMHAX MEePEAMIXypOBOi 3aJI03H 3 BUKOPHC-
TaHHSIM PI3HMX [TPOTOKOJIIB HOpMaJIi3allii (3 OAHO-, IBO- Ta
yorupupedepercanmu reramu ABO 3 omHnM, 1BOMaA Ta
qoTupMa peepeHCHUMI TeHAMH) Ta ONTUMIi3yBaTH KOMOi-
Harlii pe)epeHCHHUX T€HIB TSl PO3PAXyHKY BIIHOCHOI CKC-
npecii (BE) y paky mepenmixypoBoi 3ayio3u. MeTtonm.
Kinskicuoro [TJIP (xITJIP) mpoanarnizoBano BE 23 renis y
37 3pa3kax TKaHWH TriepenMixypoBoi 3amosu (T) 3 pisHuMH
MMOKa3HUKaMHK [ JTiCOHA Ta PI3HUMH CTAISIMHU ITYXJIMH Y 10~
piBHSHHI 3 37 YMOBHO-HOPMaJIbBHUMH 3pa3KaMH TKaHHMHHU
niepeMixypoBoi 3ao3u (YHT) Ta 20 3pa3kamu ajeHOM
repeMixypoBoi 3amo3u. PesyiabraT. TeopeTnyni po3pa-
XyHKH BijxwienHs: BE He miarBepauim BIUIMBY 3Ha4€Hb
PiBHIB ekcrpecii Ha 1iei napametp aHi y BE pedepencroro
reHa, ai y BE nocnimkyBanux reniB. ExcriepMumeHTanbH1
IaHi, sii GyITi OTpUMaHi; 3 BUKOPUCTaHHM 2-AACt Morerti,
MOKa3aJy CTaTHCTUYHI 3Ha4yIl BIIMIHHOCTI y eKcrpecii
17 3 23 nocnijpKyBaHHUX TeHIB, TIPH MOPIBHAHHI apHux T/
YHT. Ilokazuuku BE, po3paxoBaHi 3 BHKOPHCTaHHSIM MO-
nenti 2-ACt mokazaiti BUCOKHUiA PIBEHB CITIBITAIIHHS CTATHC-
TUYHHUX JI@aHHUX Y BCIX Ipymnax pe)epeHTHNX I'eHiB st TPy
aneHokaprmHOME- Y HT-aneHomu (onan 82 %). Cuix 3a-
3HaYHTH, ¥ 69 % BHUIAJKIB, a 3a MOKa3HUKaMu [JricoHa —
y 64,5 %. BucnHoBku. Bci Tpu THIN pepepeHCHUX TeHiB,
sIK 1 OyJ10 TIepe10aueHo, MOXKYTh OyTH BUKOPHCTaHI IS
Hopmadizanii BE y 3pa3kax myximHM niepenmixypoBoi 3a-
no3u. Bukoprcrannst mozeneit 2-4Ct abo 2-4ACt ge mae
BIUIMBY Ha piBeHb BE mms pedepeHcHHX TeHiB.
HaiiBarxnBitmm akropom Oyia X cTablibHa eKCIpecis.
BaxymBnMu napaMeTpamu Juist BAOOpY HOpOry BiIMiHHOC-
Teil PiBHIB €KCIpecii MiXK TPyIaMy 3 METOIO MPABHITBHOI
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IHTepIpeTalii JAHUX € PiBHI eKCHpecil TOCIiHKyBaHUX
TCHIB, BeJIMYKMHA 3MiHM 3HaYeHb BE, po3mip BuOipku Ta
BHCOKA T€TEPOTeHHICTH EKCIPECii.

Kaw4oBi 0B a: myxXJIMHHU ITepeMiXypoBO] 3aJ103H,
BiJIHOCHA €KCIIpECisl I'eHiB, BaJliiallisi pepepeHCHHUX TeHiB,
Pi3HI piBHI eKcTpecii, HU3bKOSKCITPECOBaH1 TeHHU.

PoJb ypoBHeii 3xcnipeccun pegepeHcHbIX
U HcclleyeMbIX T€HOB NPH paKe NPOCTAThI
B KIILP ananuze

A. B. I'epamenko, 2. A. Craxosckuid, JI. U. YHamuna,
A. I1. I'puzony6, B. 1. Kamryba

Heas. Onpenenuts TpodUIN SKCIPECCUN Pl OITy-
XOITh-aCCOIMMPOBAHHBIX TEHOB B OITYXOJISAX MPEACTATEITb-
HOM KeJe3bl, NCIOJb3Ysl Pa3JIndHbIe POTOKOJIBI HOPMa-
mu3anny (OTHUM, IBYMSI M YETHIPbMS peepeHCHBIMHU
TeHAMH) ¥ ONITHMH3UPOBATh KOMOWHAIIUIO ATUX TCHOB JIJISI
paccuera OTHOCHTENBHOM 3kcnpeccun (OD) uccneryeMbIx
TE€HOB IIpU pake IpeACTaresIbHOM skese3bl. MeToabl.
Komuuecteennoit [TLP (I1L[P) Oyito npoanam3npoBaHo
0D 23 renos B 37 oOpasiax paka MpeacTarebHOMN JKene-
361 (T) ¢ pasnmraHBIME TOKa3aTeneM [JMcoHa U Ha pa3HBIX
CTaJUsIX, B CPaBHEHUH C 37 yCIOBHO-HOPMaJIbHBIMU 00-
pasuamu Tkaau npoctatsl (YHT) n 20 obpasmamu ageHOM
rpezcTarenbHol kenesbl. Pesynbrarsl. Teopernueckue
pacueTsl oTkIoHeHUsT OD He MOATBEPANIN BIMSHUS Be-
JIMYUHEI YPOBHEH SKCIPECCHHU Ha ATOT mapaMeTp Hu B 0D
pedepencHoro rena, Hu B OO HccIlieyeMbIX T'€HOB.
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OKCIepUMEHTAJIbHbBIE JaHHbIE, TIOJIyYEeHbIE C HUCIIOIb30-
BanueM 2-AACt Monienn, MoKas3aau CTaTUCTUYECKU 3HAYM-
MBI€ Pa3IH4us dKCpeccnu y 17 u3 23 uccieoBaHHBIX
reHoB 1pu cpaBHeHNH apHBIX T/YHT. O3, paccuntanHbie
C HCIIONB30BaHUEM Mozeln 2ACt roka3aan BBICOKUM
YPOBEHb COBIAJICHUI CTATUCTHYECKUX JaHHBIX BO BCEX
rpynmax pe)epeHCHBIX TEHOB JUISl TPYII aIeHOKAPIINHO-
Mbl-YHT-anenomsl t0onee 82 %). Ciemyer OTMETHTB, UTO
TIPY pa3/IeNICHUH 10 CTAIUSIM COBIIA/ICHUE CTAaTUCTHIECKHX
JTAHHBIX HAOII0IATIOCh B 69 % ciydaeB, a 1o MoKa3aTellto
I'mucona — B 64,5 %. BeiBoasbl. Bee Tpu Tnna pedepenc-
HBIX TCHOB, KaK M O’KH/IAJIOCh, MOT'YT OBITH NCIIOIE30BaHbI
Jutst HopManusaiue OO B 00pasiiax OImyXoJiei MPOCTaThl.
Hcnonp3oBanue mozmeneit 2-2Ct wm 2-2ACt ge mokazaio
BIIMSIHMSL pa3indauii B ypoBHsIX OD juist pedepeHCHBIX
reHoB. Hanbosee BaykHbIM (hakTOpoM ObLTa MX CTaOWIIbHAS
skcrpeccust. [Ipu BeIOOpE mopora ypoBHEH 3KCIIPECCHU
MEXIy TPYyTIaMi C LEIbI0 MPABMIBHON HHTEPITPETALNH
JTAaHHBIX BOKHBIMH MTapaMeTpaMy SIBJISTFOTCSI YPOBHH KC-
MPECCUH UCCIIElyeMbIX T€HOB, BEJIMYMHA H3MEHEHHSI 3Ha-
yernii O3, pa3mep BEIOOPKH U BBICOKAS TETEPOreHHOCTh
9KCIIPECCHH.

KiawueBble cJ0BAa: ONyXOJU NPEACTATEIbLHON
JKeJe3bl, OTHOCUTEbHAS DKCIIPECCHUS] TEHOB, BaTUAALINS
pedepeHCHBIX TeHOB, Pa3INYHbIC YPOBHU IKCIPECCHH,
HU3KOIKCIIPECCUPOBAHHBIC TCHEI.
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