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Aurora kinases A and B play a crucial role in the regulation of mitosis, while Aurora C controls
meiotic division. These proteins showed controversial behavior upon the development of epithelial tumors.
Our aim was to examine if there are any differences in expression of Aurora kinases genes in malignant and
non-malignant tumors and non-tumor tissues; to compare their expression with clinical characteristics of pa-
tients and expression of other prostate cancer-associated genes. Quantitative RT-PCR was used to determine
Aurora A-C genes expression in 33 prostate adenocarcinomas (T), paired conventionally normal tissues (N),
and 17 adenomas (A). Relative expression values (RE) for genes studied were estimated using 2-4¢ and 2-44¢
method. The Kruskal-Wallis with correction on multiple comparisons, according to the Benjamini-Hochberg
procedure with FDR = 0.2, Dunn-Bonferroni post hoc test and Spearman rank correlation analysis were used
for statistical analysis. As turned out, RE values for AURKA were found to be significantly lower in samples
of T group in comparison with A group. Moreover, significant up-regulation of AURKC expression levels were
detected for T 3-4 stage compared to T 1-2 stage. RE values of AURKC in T group were positively correlated
with the tumor stage, while AURKB RE demonstrated a negative correlation with the tumor stage. We also
found significant correlations between AURK genes expression levels and prostate cancer-associated genes
in T group. We suppose that all these data point to probable involvement of Aurora kinases’ genes in prostate
carcinogenesis.

Keywords: prostate cancer, Aurora kinases, EMT genes, TMPRSS2-ERG fusion transcript, PTEN
expression.

mon oncological diseases in men, the second

after lung cancer. In the last decades, in-
tensive research was attempted to investigate diag-
nostic and prognostic PCa markers, novel therapy
targets, mechanisms of the development of castra-
tion-resistant PCa (CRPC), etc. This increased our
knowledge and improved treatment approaches.
Nevertheless, the reasons, lying under genetic and
epigenetic events during prostate cancer initiation
and progression remain not fully understood. Great

P rostate cancer (PCa) is one of the most com-

heterogeneity of PCa sets many challenges in a way
of prediction of prostate cancer evolution and choice
of appropriate therapy [1].

Somatic point mutations are less common
in PCa than in most other solid tumors. The more
general event for PCa is DNA copy-number varia-
tions. While indolent and low Gleason tumors have
relatively not many such alterations, more aggressive
primary and metastatic tumors have extensive oc-
currence of copy-number variations, genome-wide
[2]. A huge number of chromosome rearrangements,
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leading to large insertions, duplications, transloca-
tions and formation of aberrant gene fusions are
usual events during prostate cancer progression [3].
One of the possible drivers of genomic rearrange-
ments is an aberrant expression of key mitotic regu-
lators, among which are kinases of an Aurora family
[4, 5]. Kinases of the Aurora family are the highly
conserved serine/threonine kinases, the major regu-
lators of the cell cycle, particularly spindle formation
and chromosome segregation. Both, loss of function
and overexpression of their genes can lead to malig-
nant transformation via deviations in mitotic divi-
sion, which occur as direct or indirect consequences
of inappropriate functioning of the Aurora kinases
[6].

Aurora A is encoded by the AURKA gene,
which is localized on chromosome 20g13.2. There
are 14 transcript variants of AURKA, encoding
proteins from 9 to 46 kDa. This kinase is involved
in several events during cell division, namely, the
centrosome separation, microtubule formation and
stabilization at the mitotic spindle, ensuring the ac-
curate chromosome segregation. Aurora A regulates
progression from G2 to M phase through Bora-me-
diated activation of PIk1 [7]. It was found, that this
kinase, when overexpressed can transform NIH 3T3
cells and Ratl fibroblasts in vitro [8]. Overexpres-
sion and amplification of the Aurora A kinase gene
were described for a set of human cancers, including
breast, urogenital, hematolymphoid, and also CNS
lesions [9]. In gastric cancer, this is associated with
aneuploidy, cell survival and taxane drug resistance
[20].

The AURKB gene is localized on chromosome
17p13.1, encoding the second Aurora kinase, Auro-
ra B, consisting of 344 amino acids. This protein is a
member of chromosomal passenger complex, func-
tions at the beginning of mitosis and concentrates
in the proximity of centromeres and kinetochores,
where chromosome attachment to microtubules of
the mitotic spindle is happening. In anaphase, Auro-
ra B shifts to the spindle equator. Aurora B regulates
the interaction of kinetochores and chromosomes,

Abbreviations: AR — Androgen receptor; cDNA — Com-
plementary DNA; CRPC - castration resistant prostate
cancer; GS — Glisson score; MRNA — Messenger ribo-
nucleic acid; PCa — Prostate cancer; PCAG - prostate
cancer-associated genes; qPCR — Quantitative real time
polymerase chain reaction; RE — Relative gene expres-
sion; SAC - Spindle assembly checkpoint.
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segregation of sister chromatids and cytokinesis [11].
Recently, it was shown that Aurora B is an upstream
regulator of the end-on conversion process [12]. Ele-
vated levels of Aurora B were reported in prostate
cancer cell lines and prostate tissues from patients
with PCa [13].

Aurora C is a less studied member of Aurora
kinase family, although it was discovered in the late
90s [14]. The AURKC gene is mapped on chromo-
some 19q13.43, and 3 transcript variants exist, en-
coding proteins of 275-309 residues. This protein
is rather specific for germ cells and works during
meiotic cell division. It is associated with Aurora B
and Survivin in vivo [15]. Its function is very similar
to the Aurora B kinase, but, probably, it has different
regulation (due to the absence of N-terminal domain
with regulatory motifs). Moreover, overlapping in
functions is not absolute, and those two Aurora ki-
nases are unique in this sense. For instance, it was
demonstrated, that Aurora C plays a role in cell cycle
progression, while the Aurora B role is restricted to
maintaining of SAC (spindle assembly checkpoint)
[16]. The functional role of AURKC in cancer is not
well understood yet, but an increase of its levels in
tumors is frequently associated with cell prolifera-
tion, migration and bad prognosis. Overexpression of
Aurora C in NIH-3T3 cell lines results in abnormal
cell division, centrosome amplification and appear-
ance of multi-nuclear cells [17]. Those events are
strongly associated with malignant transformation,
therefore, the AURKC gene was considered as onco-
gene and Aurora C is a potential target for anticancer
therapy [6].

Although increased levels and hyperactivity
of kinases from the Aurora family are usually re-
ported to be associated with tumor development and
progression, and also with poor prognosis, there are
few reports, confirming this idea in a case of PCa.
For example, it was shown by immunostaining that
AURKA, AURKB and AURKC were significantly
reduced in PCa tissues, compared with cells of pros-
tate nodular benign hyperplasia. However, no sig-
nificant differences in gene expression were found
at mRNA levels. This could be explained by muta-
tions in genes, encoding Aurora kinases [18]. From
the other hand, it was shown that Aurora A and B
are expressed at higher levels in precancerous le-
sions and PCa of different stages, compared with
non-cancerous tissues [19].

Therefore, the aim of our research was to exa-
mine the expression of Aurora kinase genes at the
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MRNA level in PCa, surrounding non-cancerous
prostate tissue and benign prostate tumors (adeno-
mas). Also, we wanted to investigate whether there is
any correlation between expression of AURK genes
with presence or absence of a TMPRSS2-ERG fu-
sion transcript, PTEN status and also expression of
prostate cancer-associated genes (PCAG) [20-22].
We believe, our study will shed some light on the
role of Aurora kinases in PCa development.

Materials and Methods

A collection of prostate tissues samples. Sam-
ples of cancer tissue and paired conventional nor-
mal tissue (CNT) (at an opposite side of tumor) were
frozen in liquid nitrogen immediately after surgical
resection, performed at the National Cancer Institute
(Kyiv, Ukraine). Benign prostate tumors (prostate
adenoma samples) were collected at the Institute of
Urology (Kyiv, Ukraine) after radical prostatectomy;
samples were frozen in liquid nitrogen, as described
above. All the samples were collected in accordance
with the Declaration of Helsinki and the guidelines,
issued by an Ethics Committee of the Institute of
Urology, the National Cancer Institute and the Ethics
Committee of the Institute of Molecular Biology and
Genetics (protocol number: 16, December 3, 2018).
Altogether, 33 samples of prostate adenocarcinoma
of different Gleason score and stages, 33 paired CNT
samples and 17 samples of benign prostate tumors
(adenomas) were collected and analyzed. Tumor
samples were characterized, according to an Inter-
national System of Classification of Tumors and the
World Health Organization (WHO) criteria. Clini-
cal and pathological characteristics (CPCs) of PCa
samples are presented in Table 1. The presence and/
or absence of a TMPRSS2/ERG fusion was detected
earlier in our laboratory for the same cohort of pa-
tients [20].

Total RNA isolation and cDNA synthesis. 50—
70 mg of frozen tissues were mashed to a powder
in the liquid nitrogen. Total RNA was extracted by
TRI-reagent (SIGMA), according to the manufac-
turer’s protocol. The total RNA concentration was
analyzed by a spectrophotometer (NanoDrop Tech
Experimental technologies Inc., USA). The quality
of the total RNA was determined in a 1% agarose
gel by band intensity of 28S and 18S rRNA (28S/18S
ratio). cDNA was synthesized from 1 pg of the to-
tal RNA, following by treatment with RNase free
DNase I (Thermo Fisher Scientific, USA), using Re-
vertAid H-Minus M-MuLV Reverse Transcriptase

(Thermo Fisher Scientific, USA), according to the
manufacturer’s protocol.

Quantitative polymerase chain reaction
(QPCR). Gene expression levels of Aurora kinases
genes (AURKA, AURKB and AURKC) were de-
tected by gPCR, using HOT FIREPol EvaGreen
gPCR Mix Plus (Solis BioDyne, Estonia) and CFX96
Real-Time PCR Detection System (Bio-Rad, USA)
under the following conditions: 95 °C — 12 min,
following 40 cycles of 95 °C — 15 s, 60 °C — 20 s,
elongation 72 °C — 20 s. Sequences of primers for
AURKA, AURKB and AURKC genes were described
in [23]. TBP has been used as reference gene for
relative quantification [21]. 2-2¢T and 2-44°T methods,
described earlier [21], were used for the relative gene
expression (RE) level calculation and analysis.

Statistical analysis. The Kolmogorov-Smirnov
test was used to analyze the normality of distribution.
The Kruskal-Wallis test and Dunn-Bonferroni post
hoc test were performed to determine RE differences
between pairs of sample groups under multiple com-
parisons in 2. The Wilcoxon Matched Pairs test
was performed to compare RE in prostate adenocar-
cinoma and paired CNT. RE fold differences in 2-44
model were considered significant when expression
changes were more than 2-fold. The Fisher exact test
was performed to monitor differences between sam-
ple groups. The Spearman'’s rank correlation test was
used to find the putative correlations between RE
and CPCs of prostate tumors and also correlations
between RE of the studied genes. All calculations
were performed, using a STATISTICA 10 software.

Results and Discussion

RE of genes, encoding Aurora kinases (AURKA,
AURKB, AURKC) was detected in prostate ade-
nocarcinomas (T), paired conventionally normal
prostate tissues (N) and benign prostate tumors (ade-
nomas) (A), see Fig. 1. Expression of AURK genes
in peripheral blood of healthy donors served as an
additional positive control (red column, Fig. 1).

The statistical analysis of the obtained data did
not support the Gaussian distribution of RE of the
studied genes in all groups. Therefore, we used non-
parametric criteria for further analysis.

Since Aurora kinases are considered as poten-
tial oncogenes, we were aimed to investigate the
difference in AURK genes’ expression in malignant
and conditionally normal prostate tissues taken from
the same patient. For that reason, we compared the
RE of AURKA, AURKB and AURKC using the Wil-
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Fig. 1. Relative expression (RE) of AURKA (a), AURKB (b) and AURKC (c) in adenocarcinomas, conventio-
nally normal prostate tissues and benign prostate tumors (adenomas). T/N pairs were distributed, according
to the stage advancement. Adenomas were placed randomly. In legend: A — adenomas: N — conventionally
normal prostate tissue; T — adenocarcinoma. The first column (in red) — RE of AURK genes in peripheral
blood (an additional control)
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coxon Matched Pairs Test applied to 33 T/N pairs.
However, no significant differences have been found
between T and N samples.

Next, we examined RE of AURK genes, com-
paring these values in malignant (tumors) and non-
malignant (conventionally normal tissues and ade-
nomas) lesions. The significant differences in RE
were found for AURKA in tumors and adenomas
(P =0.047), with lower expression in tumors (Fig. 2,
a(1)). We proposed then that more pronounced dif-
ferences may be expected by taking into account tu-
mor stages as this is a tumor characteristic known
as the most clinically valuable one. For this purpose,
the samples have been divided into 5 groups: tumors
at stages 1/2 and 3/4 (T1/2 and T3/4 respectively),
paired normal samples called N1/2 and N3/4 de-
pending on the tumor samples and adenoma samples
called A (Fig. 2). The difference in RE of Aurora
kinases genes was analyzed based on the calcula-
tions using Kruskal-Wallis test and Multiple com-
parison test (Dunn-Bonferroni post hoc method).
As one can see in Fig. 2, a(2), RE of AURKA gene
is much lower in tumors at the stage 3-4, than that
in adenoma tissues (P= 0.036). When comparing
the expression of AURKC gene, the N1/2 and N3/4
groups have different expressions with higher value
corresponding to N3/4 tissues (P = 0.021). Finally, no
differences between the groups under investigation
were observed for AURKB expression.

Considering in addition another important
prostate cancer characteristic called Glisson score
(GS), we found no differences between the high
and low GS samples in expression of Aurora kinase
genes.

It is well known that the deviations in cell divi-
sion processes can lead to genomic rearrangements
and the formation of gene fusions. In particular, this
concerns the expression of fusion transcripts, some
of which were described for their carcinogenic ef-
fect. Previously we have reported [17] about the
presence of the most common prostate cancer fusion
transcript, TMPRSS2-ERG, observed in the investi-
gated samples [17]. Here the samples were grouped
according to the presence or absence in them of
TMPRSS2-ERG fusion transcript, T and N with fu-
sion (F+); T and N without fusion (F-), respectively.
Their comparison with each other and with adeno-
mas by using the Kruskal-Wallis and the multiple
comparison (Dunn-Bonferroni post hoc method)
tests characteristics allows us to make a conclusion
about lower AURKA expression in F- tumor samples

when compared to adenoma samples (P = 0.0325).
No other significant differences in expression were
observed for fusion transcript positive and negative
samples.

PTEN levels were assessed in these samples
earlier as well [18]. So, T, N and A samples were
divided into groups with the low and high PTEN
expression. We found that AURKA expression in
adenocarcinomas with high PTEN levels was sig-
nificantly lower than in adenomas with low PTEN
levels (P = 0.033).

To establish an unchanged expression level, we
analyzed RE of AURK genes in early stage conven-
tional normal tissues (N1/2), advanced stages con-
ventional normal tissues (N3/4) and adenomas. We
consider that only N1/2 and adenoma samples have
normal unchanged RE in AURK genes. It was re-
solved to admit those values as average unchanged
expression level of studied genes in prostate tissue.
We estimated changes in RE of AURKA, AURKB
and AURKC expression compared to taken average
unchanged RE.

In T3-4 group, 63% had more than 2-fold lower
expression of AURKA and AURKB compared to
average unchanged RE, among which 50% of sam-
ples even had more than 3-fold lower expression of
those genes. In contrast, level of AURKC expression
in the same groups was higher than average un-
changed expression of this gene. Compared to it, in
75% of samples from T3-4 group we detected 2-fold
higher AURKC RE. Moreover, 3-fold higher levels
of AURKC occurred in 63% of samples from this
group. For N3-4 group the changes were even more
pronounced: 87.5% of those samples have more than
3-fold higher expression of AURKC in comparison
with average unchanged expression level. Summa-
rizing, the group of conventionally normal tissues
from patients with high tumor stage (N3-4), but not
the tumor tissues from those patients (T3-4) demon-
strated the strongest alterations in expression of
AURKA and AURKC genes.

Correlation of AURK gene expression with
clinical and pathological characteristics. Spearman
rank correlation analysis of AURK genes expression
with clinical and pathological characteristics of pa-
tients (Glisson score, stage, PSA level, age, fusion
status and PTEN relative expression) in adenocar-
cinoma group demonstrated the presence of correla-
tion only between AURKB and AURKC expression
and the stage of the disease (Table 1). We found the
negative correlation between stage and AURKB ex-
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Fig. 2. Differences in RE of AURK A, AURKB and AURKC in adenocarcinomas, conventionally normal
prostate tissues and benign prostate tumors (adenomas). a — AURKA expression; b — AURKB expression; ¢ —
AURKC expression; 1 — samples were grouped into 3 groups: cancer tissue (T), paired conventional normal
tissues (N) and adenomas (A); 2 — samples were grouped into 5 groups, based on the stage of disease: the
stage 1 and 2 (T1-2), the stage 3 and 4 (T3-4), paired conventional normal tissues from patients with the stage
1 and 2 tumors (N1-2), paired conventional normal tissues from patients with the stage 3 and 4 tumors (N3-4),
and adenomas (A). *Significant RE differenced in T comparing to A; **significant RE differenced in T1-2 and
N1-2 comparing to T3-4 and N 3-4 accordingly
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Table 1. Correlation between CPC and AURK
gene expression (r* values)

CPC Genes

AURKA \ AURKB | AURKC
GS -0.093 -0.219 0.119
Stage -0.201 -0.344* 0.372*
PSA ng/ml -0.067 0.010 0.039
Age -0.026 0.176 0.204
Fusion status 0.278 0.106 -0.056
PTEN RE 0.142 -0.112 -0.020

Note: *P < 0.01

pression (r* = -0.344, P < 0.05) in adenocarcinoma
group. Expression of AURKC, however, correlated
with stage positively (r* = 0.372, P < 0.05). Thus,
here we observe increasing of AURKC expression
with tumor progression, accompanied by decreasing
of AURKB RE level in high-grade tumors.
Correlation of RE of AURK A, B, C and levels
of prostate cancer-associated genes. Spearman
rank correlation analysis of AURK genes RE have
shown a significant correlation between AURKB
and AURKA genes in T (r* = 0.365, P < 0.05). Ex-
pression of PCAG genes, previously studied in our
group [18, 19], also correlated with expression of the
Aurora kinases genes in adenocarcinoma group (Ta-
ble 2). Levels of AR 1 isof, CASP3 and OCLN corre-
lated positively with expression of AURKA. AURKB
expression positively correlated with VDR levels.
RE of MKI67 and NKX3.1 correlated with both,
the AURKA and AURKB, but not with the AURKC
expression. Of note, AURKC expression positively

Table 2. Correlation between expression of EMT
and AURK genes (r® values)

PCAG AURK genes

genes | AURKA | AURKB | AURKC
ARLisof  0.561* 0.33L  -0.109
CASP3 0.361**  0.234 0065
MKI167 0.562*  0.647*  -0.025
NKX3.1 0.358** 0349  -0.113
OCLN 0.355** 0210  -0.221
VDR 0.296 0.488*  0.025
INSR A 0.162 0006  -0.397**
CYPI7AL 0104 0159  0.370**

Note: *P < 0.01, **P < 0.05

correlated with CYP17A1 (r* = 0.370, P < 0.05) and
negatively with INSRA levels (r* =-0.397, P < 0.05).

As was already mentioned above, PCa is the
extremely heterogeneous disease at the level of or-
gan, patient and population [24]. Despite the appre-
ciable amount of investigations on prostate cancer
nowadays, the data reported on the expression of
Aurora kinases in PCa cell lines and clinical samples
are incomplete and contradictory so far.

Here we stress first of all that the absence of
differences between tumor and normal pairs from
the patients with prostate cancer can be explained
by pathological processes in normal surrounding tis-
sues in a case of aberrant signals from tumor cells
and microenvironment. However, those tissues are
closely connected with tumor and cannot be treated
as absolutely normal. Based on our results, one can
conclude about the presence of pathological altera-
tions in those samples rather than the absence of
differences between malignant and non-malignant
tissues [25, 26].

Significantly higher levels of AURKA mRNA
in adenomas tissues, which often carry out inflam-
matory process, is explained by the studied property
of Aurora A to participate actively in inflammation.
One of the possible ways for Aurora A to induce car-
cinogenesis is namely through promotion of IxBa-
mediated activation of NFkB [27]. Therefore, high
levels of AURKA transcripts in adenomas can be
the part of intensive inflammation process. During
tumor development, cancer cells have already a
great amount of different phenotypes with various
genomic and epigenetic alterations, resulting in their
uncontrolled proliferation and survival. We hypothe-
size, that they acquire another intensive stimulus for
proliferation and, consequently, in high stage tu-
mors, the primary drivers of cell division lose their
position and express at lower levels. Nevertheless,
we should take into account that we observe these
results only at the mRNA level, but we did not check
the presence of the protein products in studied sam-
ples. Stability of Aurora A and B is neatly regulated
by ubiquitination and proteosome degradation [28].
Ubiquitination is often disrupted in cancer cells,
leading to inappropriate degradation of key tumori-
genesis players [29]. Thus, lower levels of mMRNA do
not always imply low levels of active proteins, that
will be an issue of further investigations.

Aurora A is one of kinases which phosphoryla-
te androgen receptors (ARs) at Thr282/Ser293 resi-
dues, regarding to the transactivation domain. Con-
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sequently, it should result in overexpression of genes
from AR axis [30], but was not evidently connected
with overexpression of AR gene. Jones et al. [31]
demonstrated a direct influence of Aurora kinase A
on constitutively active variant of androgen recep-
tor, AR-V7, expression and regulation of its splicing.
However, these data do not explain the calculated
correlation between expression of AR 1 isof and
AURKA. Nevertheless, it allows us to make sugges-
tions about the possibility of the mutual regulation
of these genes.

OCLN gene, the common marker of normal
epithelial cells, encodes occludin, the protein, which
involved in disruption of tight junctions and actin
reorganization [32]. Aurora A kinase also acts in a
similar manner, participating in structural changes
in actin filaments and lamellipodia formation [33].
Correlation between OCLN and AURKA genes’
expression can occur because of involvement of
their products in the same cellular processes, e.g.
enhancing cells motility and migration. Co-regu-
lation or mutually adjustment of their expression
should be further investigated. However, elevated
levels of transcripts of those genes and/or their pro-
tein products can potentially serve as marker of
metastatic and invasive phenotype of such tumor.

In our results, expression of Aurora kinases A
and B genes positively correlated both with MKI167
and NKX3.1 expression. As MKI167 encodes marker
of proliferation K167 and commonly reported to be
expressed together with other proliferation markers
(which includes Aurora kinases’ genes) [34], we
suppose that our results confirm previous data.
On the other hand, NKX3.1 is a well-known tumor
suppressor gene, which encodes NK3 homeobox 1
(NKX3.1) protein. Expression of NKX3.1 is common
for normal epithelial cells. It is one of the AR target
genes and is often loss in prostate cancer. Moreo-
ver, NKX3.1 and AR proteins directly regulate each
other in a feed-forward regulatory loop [35]. Some
controversial features in the behavior of the present
results can be attributed to upregulation of AR ex-
pression by Aurora A kinase. Elevated amounts of
androgen receptor cause increased expression of
NKX3.1 gene. It might be an ordinary cellular re-
sponse to intensive proliferation, i.e. NKX3.1 is used
as a “gate-keeper” to block cell proliferation [36]. In
cells where expression of NKX3.1 is not loss via de-
letions or methylation of its promoter, expression of
this gene can be increased proportionally in answer
to abnormal proliferation.
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A mutual regulation for AURKA and AURKB
gene expressions by c-Myc was reported previously
by Hollander et al. [37]. As one can easily see, our
results, demonstrating positive correlation between
AURKA and AURKB transcript levels in prostate
tissues, support previous observations and can be ac-
cordingly explained by mutual regulation of AURKA
and AURKB gene expressions.

Expression of AURKB did not exhibit any sig-
nificant differences between the groups of samples.
However, different mechanisms can be used to ex-
plain negative correlation between expression of
Aurora B gene with tumor stage and decreased level
of its transcript (similarly to AURKA), compared to
unchanged average expression level, in high stage
tumors.

At first, cells, deficient of crucial cell division
regulator, may acquire a great amount of mutations,
and decreased AURKB expression can be not the
consequence or feature of high grade tumor, but the
driver and reason of tumor progression. Secondly,
overlapping function of Aurora C and Aurora B can
explain positive correlation of AURKC and nega-
tive of AURKB with tumor stage. Unfortunately, the
methods used in the present work do not give access
to unambiguous conclusion concerning the mecha-
nism of gene correlations.

Strong positive correlation between AURKB
and VDR (Vitamin D receptor) genes’ expression
we explained as example of two independent co-
existing processes in prostate cancer development.
Both of them are connected with tumor stage. It was
previously reported, that high level of VDR protein
product is associated with lower tumor stage and
more favorable prognosis for prostate cancer patients
[38]. In our opinion, it could be two indirectly con-
nected events in PCa.

We also found the positive correlation between
AURKC expression and tumor stage and expression
of CYP17A1l. CYP17Al encodes a member of the
cytochrome P450 superfamily of enzymes, steroid
hydroxylase enzyme, which is essential for steroid
hormone production. In normal physiological condi-
tions, expression of this enzyme is observed only in
few tissues, namely liver, testes and uterus. Increased
levels of CYP17A1 mRNA and protein product have
been found in prostate cancer [39]. Being steroido-
genic enzyme, CYP17AL is strongly associated with
castration resistant PCa (CRPC) development [40].
At the same time, RE of AURKC negatively corre-
lated with relative expression of INSRA gene, which
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is also associated with epy development of CRPC. It
encodes oncogenic isoform of insulin receptor and
activates cellular pathways in response to binding
with insulin-like growth factor (IGF) or insulin.
Binding with both ligands promotes cell growth,
proliferation and avoidance of apoptosis [41]. It is
suggested that INSRA signaling is one of the pos-
sible mechanism of androgen-independent PCa de-
velopment [42]. On the other hand, expression of
steroidogenic enzymes, such as CYP17Al, are also
regarded to CRPC [40]. We propose that here we ob-
serve two mutually exclusive directions of PCa pro-
gression to CRPC.

Some decades ago, it was shown the existence
of the meiotic specific genes, which are activated
in mitotically dividing somatic cells and become
the powerful drivers of carcinogenesis. Such de-
viations contribute to illegitimacy in chromosome
segregation and exchange of genetic material, ane-
uploidy and other cell division failures, which can
produce different populations of tumor cells. Aurora
kinase C and CYP17Al are two proteins that are ac-
tive in germ cells, and they are putative oncogenes.
Co-expression of them in PCa supports a soma-to-
germline oncogenic model of carcinogenesis. This
model arose as an alternative to embryologic theory
of cancer and explained several aspects, which could
not be explained by stem cell-like model, e.g. abnor-
mal mitosis, rapid genomic and epigenetic evolution,
altered DNA repair, chromosomal end protection,
etc. [43].

We demonstrated that AURKA and AURKC are
differentially expressed in PCa, compared with ade
noma, especially at advance stages of the disease.
Beside an altered expression pattern of AURK in
prostate cancers, we also found a correlation of their
expression and different molecular characteristics of
tumors, and with prostate cancer-associated genes.
Our data suggest that genes, encoding Aurora Ki-
nases, could be involved in prostate carcinogenesis.
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AHAJII3 EKCIIPECII TEHIB KIHA3
POJAUHU AURORA BKA3Y€ HA
IXHIO PI3HY POJIb B PO3BUTKY
PAKY NEPEJMIXYPOBOI 3AJ103U
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€. E. Pozenbepe, E. O. Cmaxoecvkuit?,
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OXOPOHU 370poB’s YKpainu, Kuis,
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“Biain MikpoGiosorii, OHKOJIOTIT Ta KIIITHHHOT
6iosorii, Kapomincekuii incTuTyT, CTOKTONMBM, I1IBeI1is;
*e-mail: mankovsska@gmail.com

Kinasu Aurora A i B BigirparoTs BaKJIHBY
poTb y perynsuii MiTo3y, Tofi sk Aurora C KOHTpO-
moe MedoTnyHUH nonin. Lli mpoTeinn mposBisn
CyNEepewInBY MOBEAIHKY 32 PO3BUTKY emiTeTianb-
HUX myxJauH. Hamoro MeToro Oyno nociiguTH, 4u
ICHYIOTh BIZIMIHHOCT1 B €KCIIpecii TeHiB KiHa3 po-
JUHU Aurora B 3JIOSIKICHHUX Ta HE3JIOSKICHHX MyX-
JMHAX Ta HEMyXJMHHUX TKaHUHAX; MOPIBHATH iX
EKCIIPECio 3 KIIHIYHUMHU XapaKTePUCTHKAMH Ta-
LIEHTIB Ta EKCNPECI€I0 1HIINX TeHiB, MOB’I3aHUX i3
pakoM nepenmixyposoi 3ano3u. KinekicHy RT-PCR
OyJ10 BUKOPUCTAHO 15l BA3HAYCHHS eKCIpecii reHiB
Aurora A-C y 33 ageHOKapuIMHOMax HepenIMixypo-
Boi 3ano3u (T), B mapHUX yMOBHO HOpMaJIbHUX TKa-
nunax (N) ta 17 agenom (A). 3HaueHHS BiIHOCHOI
excrpecii (BE) miist tociiiykyBaHUX TeHIB OIliHIOBA-
JIU 32 JIOTIOMOT 010 2°4¢t Ta 2-44Ct MeToy. JIist cTaTuc-
TUYHOTO aHaji3y Oyyio Bukopuctano tect Kpycka-
na—YoJtica 3 KOPEKIi€r Ha MHOKUHHI MOPiBHSHHS
3rigHo 3 mpouenyporo benmxamina—XoxOepra 3
FDR = 0,2, post hoc Tect /lanna—bondepponi ta
aHamiz kopensiuiid 3a CripmaHom. SIK BHSBHIIOCS,
3naueHHs RE nns AURKA Oyiu 3Ha4HO HHKYMMH
B 3paskax rpynu T mopiBHsSHO 3 rpynoto A. Kpim
TOT0, BUSBJICHO 3HAYHE 3POCTAHHS PiBHIB eKcIpecii
AURKC nst T3-4 cranii nopiBHsiHO 3 T1-2 cTamiero.
3nauenHsi BE AURKC y T-rpymi kopentoBaiu 3i
craziero myxiauau, Toai sk BE AURKB nemoncTpy-
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BaJIa HETATUBHY KOPEJIALIIO 31 CTaJi€r0 MyXJIUHU.
Takok BUSIBIIEHO 3HaYHY KOPEJSIII0 MiK piBHSMU
excrpecii renie AURK Ta renamu, nos’s3aHumu 3
pakoM mepeaMixypoBoi 3aio3u, B Ipymi ajeHoKap-
IUHOM. 3p00JICHO MPUITYIIEHHS, 1110 OJICPKaHi JaHi
BKa3yIOTh Ha IMOBIpHE 3a]yuYCHHs T'€HIB KiHa3 po-
JUHU Aurora B KaHIIEPOTEHe3 MepeMixypoBoil 3a-
JI03H.

KniogoBi cnmoBa: pak mepeamixypoBoi
3aJ103M, KiHa3u poaunu Aurora, reHu EMT, 3nutnii
tpanckpuntT TMPRSS2-ERG, ekcripecist PTEN.
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