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Abstract

Background: To elucidate the expression of Aurora kinases (AURK) and the anticancer effects of
pan-aurora kinase inhibitor Danusertib in hepatocarcinogenesis model in C56Bl6 mice.

Methods: Thirty mice C56BI6 were randomly divided into Group A or control, Group B animals
who underwent experimental hepatocarcinogenesis with diethylnitrosamine (DEN), and Group C
animals with DEN-induced hepatocarcinogenenesis that treated with pan-aurora kinase inhibitor
Danusertib. Primary antibodies for immunochistochemistry (IHC) included rabbit antibodies against
Ki-67, DKKI, INCENP, cleaved caspase-3, NF-KB p65, c-Jun, 3-catenin. Hepatocyte growth factor
receptor (C-MET/HGFR) and Bcl-2 antagonist of cell death (BAD) serum levels were determined
using a quantitative sandwich enzyme immunoassay technique.

Results: Inhibition of AURK reduced the number of DEN-induced liver tumours. Apoptosis and
proliferation was very low in both DEN-induced and anti- AURK groups respectively. The
hepatocellular adenoma cells of DEN-treated mice uniformly had ample nuclear INCENP whereas in
anti- AURK markedly decreased. Expression of (3-catenin, NF-kB and c-Jun did not differ in liver
tumors of both AURK -depleted and non-depleted mice.

Conclusions: Depletion of AURK reduced the number of DEN-induced hepatic tumours.
However, their size did not differ significantly between the groups.
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Introduction

Hepatocellular carcinoma (HCC) due to its last decades represents a global health problem [1,2].
increase of occurrence rate in western countries in the  In mice, different models of hepaticocarcinogenesis
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have been developed (genetically engineered,
xenograft and chemically induced models) and have
been particularly useful in studying the molecular
pathway of the disease [3,4]. Among them, is widely
used and well-characterized the chemically induced
model of Diethylnitrosamine (DEN) administration
for HCC development. [3-5]

There are common molecular pathways of HCC
pathogenesis that include phosphatidylinositol
3-kinase  (PI3K)/AKT/mammalian  target  of
rapamycin (mTOR), c-MET, H-Ras and vascular
endothelial ~ growth  factor  (VEGF)-mediated
angiogenesis [6-8]. A significant number of proteins
exhibit mitosis-specific phosphorylation, and a large
number of kinases are implicated in executing
signaling events. There are three members of Aurora
kinases (AURK) family with differences in function,
subcellular localization, and activation [8]. Aurora-A
impacts centrosome maturation and spindle assembly
and is referred as the ‘polar kinase’ and is essential for
the correct centrosome cycle, aurora-B regulates
cytokinesis and chromosome cohesion through
spindle checkpoint. [9-12]. Aurora kinases have a
paramount role during the cell division process, and
over-expression was found to be associated with
polyploid cell clones owing multiple centrosomes in
the absence of p53 activity [13]. Aurora A
overexpression was associated with the amplification
of the coding AURKA gene which is located at 20q13.
Gene amplification was first reported in breast cancer
[14] followed by a wide range of epithelial tumours
including colon, bladder, ovarian and pancreatic
carcinoma.

Overexpression of AURK in solid and
haematological cancers was linked with dismal
prognosis [8]. Further research demonstrated that
amplification and overexpression of AURK is
associated with processes of carcinogenesis such as
telomerase activity, migration and anchorage-
independent growth, RAS/RAF/MEK/ERK/MAK
kinase pathway. These findings triggered the interest
of researchers to develop aurora kinase inhibitors
[8,15]. Pan-Aurora kinase inhibition resulted in
cellular changes similar to loss of Aurora B activity
[16.] So far, the pan-aurora kinase inhibitor VE-465
showed antineoplastic effects in preclinical models of
human HCC [17]. Danusertib a 3-aminopyrazol
derivative is potent pan-aurora kinase inhibitor. It
inhibits several cancers related to tyrosine kinases as
well as Abl, Trk-a, FGFR-1 and Ret. Taken into
account this feature of cross-reactivity of the
danusertib researchers broaden the indications for
further testing of its antineoplastic effects in several
experimental and preclinical cancer models.

The aim of this study was to study the
significance of AURK expression and the anticancer
effects of pan-aurora kinase inhibitor danusertib in
experimental model of DEN-induced hepatocarcino-
genesis.

Materials and Methods

Animals

C56BL/6]JOlaHsd male mice weighing 25-27 gr
were purchased by the Hellenic Pasteur Institute.
Mice were kept in stainless cages at constant 22 to
24°C temperature and allowed free access to food and
water. All experimental procedures were according to
the guide for care and use of laboratory animals [18]
and were licensed (License reference number 4969) by
the National Veterinary Administration Authorities
according to Greek legislative Decree No 2015/92,
160/91 and European Communities Council directive
no86/609/EEC.

Experimental design

A total of 30 male mice were used. At the age of
14 days, mice were injected with a single
intraperitoneal (ip) injection of the carcinogen
N-nitrosodiethylamine (DEN; 5mg/kg of BW) for the
induction of hepatocellular carcinoma (n=20). Ten
from the twenty carcinogen-injected mice were
randomly picked and further treated at the age of 9
months with pan-aurora kinase inhibitor Danusertib
15mg/kg of BW twice a day intra-peritonealy for 1
week. Mice were killed with an overdose of ketamine
and xylazine during anaesthesia at ten months of age.
Blood was collected for ELISA and liver tissues were
fixed in neutral-buffered formalin 10%.

Histopathology, immunohistochemistry and
morphometry

Formalin-fixed livers were embedded in
paraffin, cut at 5 pm, and stained with hematoxylin
and eosin or immunohistochemistry (IHC). Primary
antibodies for IHC included rabbit antibodies against
Ki-67-Ab 16667, DKK1-Ab 61034, INCENP-ADb36453
(Abcam, Cambridge, UK), cleaved caspase-3-9661,
NF-xB-D14E12XP p65, c-Jun-9165 (Cell Signaling,
Beverly, MA), [-catenin-RB9035 (ThermoFisher
Scientific/Lab Vision, Fremont, CA). Heat-induced
antigen retrieval was performed with citrate buffer,
pH 6, for c-Jun, cleaved caspase-3, NF-xB p65 and
B-catenin or with EDTA buffer, pH 8, for Ki-67, DKK1
and INCENP. Rabbit primary antibody binding was
detected with goat anti-rabbit polymer HRP
(ZytoChem Plus, Berlin, Germany). Color was
developed with Diaminobenzidine substrate-
chromogen (ThermoFisher Scientific/Lab Vision) and
tissues were counterstained with hematoxylin.
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For quantitative histomorphometry, liver tumors
in HE-stained sections were subscribed and their area
was automatically measured in image pixels. The size
of each tumor was recorded. The total tumor area per
total liver area ratio was also calculated for each
mouse liver section. IHC-positive cells or pixels were
counted in hepatocellular adenoma images of x20
representative high power fields and results were
recorded as number of cells or pixels per image as
previously described. The Image] image processing
and analysis program (NIH, Bethesda, MD) with cell
counter, color threshold and histogram plug-ins was
used for all histomorphometrical assessments.

Blood serum ELISA

Hepatocyte growth factor receptor (C-MET/
HGFR) and Bcl-2 antagonist of cell death (BAD)
serum levels were determined using a quantitative
sandwich enzyme immunoassay technique of
Cusabio Biotech Co, Ltd. Standards and serum
samples diluted 1:2 in Sample Diluent and assayed in
duplicate in a 96-well microplate, pre-coated with an
antibody specific for C-MET/HGFR and BAD,
respectively. A 2-hour incubation in 37°C was
followed by the addition of the appropriate antibody,
1-hour incubation in 37°C, washing, the addition of
avidin conjugated Horseradish Peroxidase (HRP),
incubation of 1 hour in 37°C, washing and the
addition of the appropriate substrate. Finally, the
reaction was stopped and within 5 minutes the optical
density was determined, using a microplate reader set
to 450 nm. A standard curve was created and the
concentration of the samples was calculated, taking
into account the initial dilution of the samples. The
inter-assay and intra-assay precision for both assays
were <10% and <8%, respectively. The detection
range for C-MET/HGFR was 0.078-5 ng/ml and for
BAD was 31.2-2000pg/ml.

Statistical analyses

Histomorphometry = and  serum  protein
measurements data were compared between groups
using Mann-Whitney U analysis. Statistical
significance was set at P<0.05. All analyses were
performed with the Graphpad Prism version 5.0 for
windows, GraphPad software, San Diego, CA. Data
representation was done with bar graphs depicting
the mean and standard error of the parameter
assessed for each experimental group.

Results

Inhibition of AURK suppresses DEN-induced
liver tumours

The untreated control
histologically =~ normal

mice (n=10) had
livers. By  contrast,

DEN-challenged male mice (n=10) had several hepatic
cell tumours that varied in size. Based on previously
published histopathological criteria the tumours were
diagnosed as hepatocellular adenomas [5]. They had
the typical mouse DEN-induced adenoma
histomorphology (Fig. 1A), which has been described
previously in detail [5]. Aurora kinase (AURK) are
emerging promising targets in the treatment of
various neoplasms including hepatocellular cancer
[24, 25]. For that, we used the DEN mouse model of
chemical liver carcinogenesis to test whether the
inhibition of AURK affects hepatocellular tumours.
We examined DEN-challenged mice at the age of 10
months and find that those treated with anti- AURK
antibodies for ten consecutive days at the age of 9
months, had significantly fewer liver tumours
compared to their untreated counterparts (Fig. 1B).
However, the liver tumours of AURK-inhibited mice
although fewer did not differ significantly in size
from those of untreated mice (Fig. 1C).

Effects of AURK inhibition on proliferation and
apoptosis of liver tumour cells

Besides its major role of AURK in aneuploidy
induction, several studies suggest that AURK
influences cell cycle progression and apoptosis of
tumor cells [19]. For that we next probed the effect of
AURK neutralization in the proliferation and
apoptosis of mouse hepatocellular adenomas.
Proliferation in tumour cells was assessed in liver
sections by means of Ki-67-specific immunohisto-
chemistry. The morphometric counts of ki-67-positive
tumour cells showed that the treatment with anti-
AURK antibodies did not affect the proliferation of
hepatocellular ~adenoma cells at statistically
significant levels (Fig 2). To label apoptotic tumour
cells, we next applied caspase-3-specific immuno-
histochemistry. We found that the numbers of
apoptotic cells in DEN-induced liver adenomas was
low and the effect of AURK depletion was not
statistically significant (Fig 2).

Effects of AURK inhibition on selected tumour
markers

The NFx-B and c-Jun signaling pathways have
been shown to correlate with increased malignancy in
hepatocellular tumors of both humans and mouse
models [20]. Using immunohistochemistry, we found
that tumour cells in both anti-AURK-treated and
non-treated control mice had multi-focally diffuse
cytoplasmic NFx-B p65 expression in a background of
NFx-B p65-negative non-tumoral liver tissue.
Morphometric counts of positively stained image
pixels showed that hepatocellular adenomas in both
groups did not differ in terms of NFx-B p65
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expression (Fig. 2). The positive c-Jun signal in the
liver sections restricted to tumor areas with several
neoplastic cells in hepatocellular adenomas showing
typical c-Jun nuclear expression. The morphometric
counts, however, suggested that the liver adenomas in
both anti-AURK treated and non-treated groups had
comparable amounts of c-Jun-positive tumour cells
(Fig. 2)

B-Catenin and the WNT signaling pathway
inhibitor Dickkopf-related protein 1 (DKK1) are
overexpressed in liver cancer. Upon immunohisto-
chemistry, mouse hepatocellular adenomas stood out
from non-tumoral liver tissue due to denser B-catenin
membrane staining (Fig. 3). The tumour cells,
however, did not have aberrant nuclear or
cytoplasmic accumulation of [-catenin (Fig. 3).
Counts of immunohistochemically-positive signal
image pixels revealed that the expression of $-catenin
did not differ significantly between liver tumours of
AURK-inhibited and non-inhibited mice. Likewise,

the tumours of both experimental groups had
comparable levels of DKK1 expression (Fig. 3).

Inhibition of AURK diminishes INCENP
expression

Hepatocarcinogens induce cytomegaly, which
contributes to increased cellular pleomorphism and
increased ploidy [21]. For that, we next sought to
detect the expression of inner centromere protein
(INCENP), which is a regulator of AURK and integral
for accurate chromosome segregation and completion
of cytokinesis during mitosis [19]. By using
INCENP-specific immunohistochemistry we found
that while non-tumoral liver tissue had no positivity,
the hepatocellular adenoma cells of DEN-treated mice
uniformly had ample nuclear INCENP. By contrast,
neoplastic liver cells in hepatocellular tumors of
AURK-inhibited mice had absent INCENP expression
(Fig. 4A).
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Figure 1. (A) High-power magnification demonstrating the typical histomorphology of DEN-induced hepatocellular adenomas. There is increased cellular
pleomorphism and atypia and spherical, variably-sized eosinophilic hyaline inclusion bodies. (B) Depletion of Aurora kinases worked to reduce the number of
hepatocellular adenomas in DEN-treated mice at statistically significant levels. (C) DEN-induced liver tumors (arrows) appearing as sharply demarcated,
hypercellular, basophilic hepatic cell nodules. Despite reduction in number, hepatocellular adenomas of anti-Aks-treated mice had comparable sizes with tumors of
untreated controls. A and C. Hematoxylin and Eosin. Scale bars: 25 pym (A) and 250 ym (C). B and bar graph in C. Numbers on the y-axis of bar graphs correspond

to the meanSEM of the parameter assessed; NS p>0.05; **p<0.01
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Figure 2. Effects of Aks depletion on the immunohistochemical expression of tumor-associated factors. DEN-induced adenomas had relatively low numbers of proliferating
ki-67-positive cells and occasional apoptotic Caspase-3-positive cells (arrows). The depletion of Aks had no effect on proliferation and apoptosis of neoplastic cells.
Likewise, it did not alter the expression of tumor-associated proteins NFK-B p65 and c-Jun. NFK-B p65 expression in tumor cells remains cytoplasmic, whereas
non-parenchymal cells morphologically consistent with kupffer cells show nuclear expression. IHC; Diaminobenzidine chromogen, Hematoxylin counterstain. Scale
bars: 50 ym. Numbers on the y-axis of bar graphs correspond to the mean+SEM of the parameters assessed. NS p>0.05

Impact of AURK inhibition in serum Bcl-2 and
cMet

We next assessed Bcl-2 levels in the serum of
mice using ELISA. We found that mice bearing liver
tumors had significantly decreased serum levels of
Bcl-2 compared to cancer-free controls. Treatment
with anti- AURK had a statistically significant effect in
increasing circulating levels of Bcl-2 (Fig. 4B). This
result suggests that anti- AURK blockade increases
Bcl-2-associated anti-apoptotic signals in mice with
DEN-induced liver tumors.

By using ELISA, we also measured c-Met serum
protein levels in the mice of our study. c-Met, also
called hepatocyte growth factor receptor (HGFR), is a
tyrosine-protein kinase activator that is abnormally
upregulated in liver cancer. We found that serum
c-Met is slightly upregulated in mice with
DEN-induced liver tumors by comparison with
cancer-free controls, with the difference not reaching
statistical significance. The group treated with ef anti-
AURK showed a statistical significance increase of
c-Met levels when compared to DEN-exposed mice
that received no further treatment (Fig. 4C).
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Figure 3. Effects of Aks depletion on the immunohistochemical expression of neoplastic cell Wnt/B-catenin signaling. Hepatocellular adenomas show increased B-catenin
immunohistochemical signal. However, B-catenin remains localized in cell membranes with only few cells showing cytoplasmic stabilization and none nuclear
translocation of B-catenin. The tumor cells also show prominent cytoplasmic DKK1 expression. Anti-Aks therapy affects neither -catenin, nor DKK1 expression in
liver tumors. IHC; Diaminobenzidine chromogen, Hematoxylin counterstain. Scale bars: 50 um. Numbers on the y-axis of bar graphs correspond to the mean+SEM
of the parameters assessed. NS p>0.05
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Figure 4. Effects of Aks depletion on INCENP expression and on blood serum tumor markers. (A) Hepatocellular adenomas show ample nuclear INCENP. In the tumors
of anti-Aks-treated mice, however, INCENP expression is practically absent. (B) Mice with DEN-induced hepatocellular adenomas have significantly less Bcl-2 in their
blood serum by comparison with tumor-free controls. The levels of Bcl-2 increase significantly after anti-Aks treatment. (C) Serum c-met is significantly increased
after the neutralization of Aks. IHC; Diaminobenzidine chromogen, Hematoxylin counterstain. Scale bars: 25 um. Numbers on the y-axis of bar graphs correspond
to the mean+SEM of the parameters assessed. NS p>0.05, *p<0.05, **p<0.01, ***p<0.001.
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Discussion

Aurora Kinases consists a family of
serine/threonine mitotic kinases and play a key role
in accurate cell cycle and genomic stability. It is
shown that genomic and chromosomal instability are
correlated with hepatocarcinogenesis and differential
status in human HCC [22,23] Overexpression of
AURK in solid and haematological cancers was linked
with dismal prognosis [8]. Further research
demonstrated that amplification and overexpression
of AURK is associated with processes of
carcinogenesis such as telomerase activity, migration
and anchorage-independent growth, and RAS/RAF/
MEK/ERK/MAK kinase pathway [8].

Tanaka et al. [24] found aurora-B gene
expression in resected HCCs as the most significant
predictor for aggressive tumor recurrence or genetic
instability. Lin et al [25] have reported an Aurora B
mRNA over-expression in 61 % of HCC cases by
RT-PCR. They showed that Aurora B increase was
associated with aggressive tumour phenotype and
advanced tumor stage and grade, and finally poor
overall survival.

Tang et al 2017 [19] described the major role of
AURKB in aneuploidy, cell cycle progression and
apoptosis.

In our study, we have used a validated model of
experimental hepatocarcinogenenis in order to
examine the impact of blocking Aurora kinases with
an anti-Pan-Aurora kinases inhibitor. ~DEN-
administered male mice had several hepatic cell
tumors that varied in size compared to untreated
controls. Based on  previously = published
histopathological criteria the tumors were diagnosed
as hepatocellular adenomas [5]. In DEN-challenged
mice we found that those treated with
anti-Pan-Aurora specific antibodies for seven
consecutive days had significantly fewer liver tumors
compared to their wuntreated counterparts.
Interestingly, inhibition of the AURK provoked
reduction in the numbers of tumours without to
reduce significantly the size of the residual tumors.
Benten et al [26] in a in a Xxenograft tumor model
showed that treatment with PHA-739358 at a dosage
of 2 x 15 mg/kg per day significantly decreased
tumor growth of both, rapidly proliferating Huh-7
tumors and moderately growing HepG2 xenografts.
The mean absolute tumor volume was reduced by
80.4%, the mean percent tumor growth was reduced
by 84.4%, and the mean tumor weight on necropsy
was reduced by 71.8%, respectively, compared with
vehicle-treated controls. Antiproliferative efficacy was
even more pronounced in HepG2 tumors at the same
dosage level. The difference in the results could be

attributed to the different hepaticocarcinogenesis
protocols and possible upregulation of different
molecular pathways.

Hepatocarcinogens induce cytomegaly, which
contributes to increased cellular pleomorphism and
increased ploidy [21]. AURK plays a key role as
essential regulators of the mitotic spindle and protein
phosphorylation in mitotic control [27-29]. They
interact with other proteins to control chromosome
assembly and segregation. Aurora kinase B, inhibition
rapidly results in catastrophic mitosis with senescence
[30,31]. During mitotic karyokinesis under
downregulation of Aurora kinases, a process termed
micronucleation occurs in the cancer cells. Thus,
unable to maintain G2 arrest, they enter mitosis and
after being arrested for several hours at metaphase,
they eventually die without successfully completing
mitosis. This process is known as p53-independent
cell death or mitotic catastrophe [31]. INCENP plays a
central role in the activation of AURKB, via a
positive-feedback loop mediated by phosphorylation
of the Thr-Ser-Ser (TSS) motif within the INbox near
the C-terminus of INCENP [32-33]. This functional
interaction is involved in the subcellular localization
of the CPC itself and the regulation of mitotic
checkpoints such as the spindle assembly checkpoint
(SAC), which monitors and corrects errors in
kinetochore-microtubule attachment. In addition,
depletion of endogenous INCENP or expression of
inactive INCENP mutants (i.e., alleles harboring
non-functional mutations of the TSS motif or deletion
of the C-terminal region) causes severe cytokinesis
defects [34,35]. From our results, we could see that
while non-tumoral liver tissue had no positivity, the
hepatocellular adenoma cells of DEN-treated mice
uniformly had ample nuclear INCENP. By contrast,
neoplastic liver cells in hepatocellular tumors of
AURK-treated mice had absent INCENP expression.
This finding could be attributed to catastrophic
mitosis with senescence and provide a possible
explanation of our observation concerning the
disappearances of a number of tumors in the treated
animals and the negative impact in size in the
remaining tumors. Our results show that a variable
degree of INCENP expression is a consistent feature
of DEN-induced carcinogenesis. Also, that the liver
tumors of AURK-inhibited mice universally lack
INCENP expression, which indicates that the drug
had a suppressive effect on the expression of this
molecule. Our study suggests that the efficacy of
AURK inhibition of DEN-induced liver is not
universal for all tumors. It is highly probable that it
depends on their size that may in turn reflect their
evolutional stage. Whether this phenomenon directly
relates or rather co-exists with AURK-inhibited
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associated loss of INCENP cannot be addressed in the
current study. The discrepancy regarding the
regression of tumors after AURK-inhibition treatment
we have observed, highlights the need for additional
elaborate and more targeted studies for explaining the
role of INCENP in hepatocellular cancer evolution.
Also, for identifying additional molecules and
mechanisms  that determine the traits of
AURK-inhibited hepatocellular tumor treatment
efficacy.

It is not very easy and accurate to compare
different studies using DEN-induced hepatocarcino-
genesis in mice using different strains of mice, and the
application of divergent experimental designs and
morphometrical approaches for accessing
proliferation and apoptosis.

Qi et al [36] studied the expression of AURKB
and its correlation with cell proliferation in 40 oral
squamous cell carcinoma cases. They showed the
elevation of AURKB and Ki67 expressing cell fractions
in carcinomas compared to normal epithelial tissue,
with a linear correlation between the two datasets.
They also found a prominent kinase expression in
cases with lymph node metastasis.

In our present study, the hepatocellular
adenomas that were developed had low neoplastic
cell proliferation and apoptosis levels, a finding
however that has been reported also previously [37].
Lee et al [38] reported that DEN-induced
hepatocellular  proliferating  lesions  including
adenomas have only 11 PCNA-positive proliferating
hepatocytes in every 100 abnormal hepatocytes
counted; the relatively low proliferating index, which
is a typical feature of human hepatocellular adenoma
as well [32], probably reflects the low proliferation
rate of hepatocytes that in normal conditions rest in
the GO phase of the cell cycle. It also explains the slow
growth of hepatocellular tumors in DEN-treated
rodent models, that, as in the present study, are not
further manipulated to promote tumor initiation and
growth. In our study, we have found that the numbers
of apoptotic cells in DEN-induced liver adenomas
was low and the effect of AURK inhibition was not
statistically significant. Similarly, to proliferation,
apoptosis in hepatocellular adenomas of mice has also
been reported to be as low as 0.02 to 0.44% regardless
of mouse strain and induction of carcinogenesis
protocol [39]. The results of caspase-3 specific IHC
performed in the present study further confirm that
apoptosis in mouse hepatocellular adenomas is rather
rare.

Matsunaga et al [40] proposed that Bcl-2 proteins
control a checkpoint of cellular survival during
polyploidization and its major function is to modulate
mitochondrial membrane permeability directly.

Moreover, that regulates the release of pro-apoptotic
factors via the intermembrane space into the
cytoplasm. The Bcl-2 family is associated with the
mitotic catastrophe after polyploidization by the
activation of mitochondrial membrane permeabili-
zation [41].

The HGF/c-MET pathway has been involved in
HCC progression demonstrated to play a key role in
growth, epithelial-mesenchymal transition, angio-
genesis, invasiveness and metastasis in HCC cells
[42]. c-MET has also been reported to be essential for
the metastatic potential of HCC cells and represents as
a powerful prognostic indicator for the early stage of
cancer invasion and metastasis [42].

In our study, we have evaluated the serum levels
of BCL-2 and c¢-MET. Interestingly BCL-2 was
systematically decreased in DEN-induced hepatico-
carcinogenesis mice and it was increased with the
anti-Aurora treatment despite the very low local
apoptotic rate. In the case of c-MET control and
DEN-induced mice levels were not significantly
different although pan-Aurora inhibitors dramatically
increased the serum levels. The interpretation of
above results is not easy and need further
investigation.

Inhibiting AURK in our study did not affected
NF-kB and c-Jun expression. The NF-xB and c-Jun
signaling pathways have been shown to correlate
with increased malignancy in hepatocellular tumors
of both humans and mouse models [43]. In our
experiment, hepatocellular adenomas in both groups
did not differ in terms of NFx-B p65 expression. The
positive c-Jun signal in the liver sections restricted to
tumor areas with several neoplastic cells in
hepatocellular adenomas showing typical c-Jun
nuclear expression. The liver adenomas in both
anti-AURK treated and non-treated groups had
comparable amounts of c-Jun-positive tumor cells.

We have also examined the possible impact of
Aurora kinase inhibitor in the expressing of p-catenin
and the Dickkopf-related protein 1 (DKK1) which are

usually over-expressed in liver cancer [43].
Hepatocellular adenomas stood out from non-
tumoral liver tissue due to denser p-catenin

membrane staining whilst the tumor cells did not
have aberrant nuclear or cytoplasmic accumulation of
B-catenin. At the end the expression of B-catenin did
not differ significantly between liver tumors of
AURK-inhibited and non-inhibited mice. Likewise,
the tumors of both experimental groups had
comparable levels of DKK1 expression. Taken
together those results we could see that inhibiting
Aurora kinases pathway has a minimal impact on
NF-kB, c-Jun and b-catenin pathways and the
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antineoplastic effect comes from another pathway as
we mentioned earlier.

In conclusion pan anti- AURK inhibition is likely
to have a significant impact in DEN-induced

hepatocarcinogenesis in mice. Treated animals
exhibited fewer tumors compared with the
non-treated, despite the low apoptotic and

proliferative index and the minimal impact in
traditional hepatocellular carcinoma pathways.
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