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Summary

Summary

Hepatocellular carcinoma (HC@ a global health challenge, ranking as the fourth leading cause of
cancerrelated deathsand is predicted to increase in batkidence and mortalityatesin the coming
years. The persistent high mortalagsociated with HC@ primarily attributed to late diagnoses and
limited therapeutic optiongkecent strides in clinical practice, particularly the combination of targeted
therapy and immunotherapy, haskghtly improved outcomes in advanesthge HCC.The modest
progessobserved can be attributed to the substantial heterogeneity of the di$eesthere is an urgent
need for the identification of novel therapeutic targets, potentially in combination with immune
checkpoint inhibitors, to address the intricate variability of the condifiena more personalized and
effective approach

Aurora Kinase A (AURKA), belonging to the Aurora family of serine/threonine kinases, plays a
pivotal role in mitosisparticularly inthe G2M transition. Beyond the canonical function, AURKA
is involved in othercellular processesncludingprimary cilium remodeling, neuromorphogeneaisg
mitochondrial fissionAURKA overexpressiohas beemwbservedn numerous tumor typescluding
HCC, where itis implicated in critical oncogenic processes such as proliferation, survival, migration,
and invasion.Recentfindings in various cancer typesevealed an intriguingole of AURKA in
Programmed Deathigand 1 (PDL1) regulation and immune response to the tunttowever,the
regulatory interplaypetween AURKA andPD-L1 is still unexploredn HCC.

This study aims to comprehensively investigate the exprespaiterns of AURKA and its
interactors in both HCC and precancerous conditemm$to evaluag the molecular and cellular
effectsof inhibiting andsilencingAURKA in vitro, with a specifidocusontheregulatory influence
on PDL1. Theprojectemployed a translational approachy integrating the analysis of human liver
samples, a transgeni€G) mouse modebdf HBV infection leading to HCC, and two HCGd&rived
cell lines (JHH6 and Huh7 cellslhe human liver samples utilized in our study were sourcedHfo@
patients(n=56) individuals with metabolic dysfunctiemssociated steatotic liver disease (MASLD)
(n=17), and subjects with healthy live(e=14) The animal modelas theHBV-TG mice C57BL/6J
TG(ALB1HBV)44BRI/J progressing to HCC within 12 months

The analysis of humasamplegevealedsignificant overexpression @lURKAMRNA in HCC, with
75% of the tumortissues showing elevated levels compared to adjacentunoor tissuesAURKA

exhibited a consistent gradual increase with the hepatocarcinogemegi®ssion demonstrang
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Summary

diagnosic potential forHCC in patients with chronic liver diseasgorroborating these findings, ti&
mouse model reflected samilar increase inAurka expression as tumors developgtden compared to
pretumoral stages and adjacent Armgoplastic tissues. IHCC patientsAURKAS expression positively
correlated with several oncogenes, includii®X2 Microtubule Nucleation Factor (TPXBD-L1, and
KRAS ProteOncogene, GTPase (KRAShis positive correlatiomvith TPX2andPD-L1 extended to
pre-cancerous conditions, withe expression oboth gene#ncreasingwith disease progression.

Surprisingly, AURKA protein expression exhibited a reduction in 83% of tumors compared to
adjacent nostiumoral tissues. This discrepancy in expression levels might stem from differential post
transcriptional regulation, resulting in distinct isoforms AAJRKA mRNA with varying translation
efficiencies.The highest AURKA expression was observed in steatotic tissues, suggesting a potential non
canonical role of AURKA in steatosis and fibroditowever,our analysis revealed a higher percentage
of phosphoryl&gd AURKA on the Thr288 residue specifically within the tumor tissue. This
phosphorylation patteris an indicator of heightened kinase activity in the HCC tumor microenvironment
However, the increasekinase activity did not correlate with cell proliferation, as evidenced by Ki67
staining suggesting potential nezanonical roles to further elucidate

PD-L1 expression increased tamortissuescompared to adjacent ndamoral tissuesparticularly
in the nomamatureunglycosylatedforms, while the glycosylated mature forms were stable. This can
representhe initial step for subsequent membrane localization cLPDpromotingtheimmune escape
of tumor cells Alternatively, it can suggeatpotential noammunological, preoncogenic rolef PD-L1
within tumor cells. Novel evidencebservedPD-L1 involvement in epitheliamesenchymal transition

(EMT), glucose and lipid metabolism, stemness, and autophagy

The two selected HG@erived cell modelsxhibitedelevatedAURKA expression andisplayed a
strong dependency on AURKA for their growfho efficiently inhibit AURKA kinase activity, we
employed two inhibitorsalisertib and AkO01, as well as a siRNA targeti®gJRKAto modulate total
AURKA expression. Both AURKA inhibitors effectively reduced AURKA enzymatic activity, with- AK
01 showing superior inhibitiorinterestingly, in JHH6 cells, AURKA inhibition triggered an increase in
both AURKA mMRNA and AURKA pptein expression, suggesting the activation of a compensatory
mechanism to generate new enzymatically active AURKA proteins in response to the inhibition of
phosphorylatedprotein The variedresponse observed in the two cell lines, particularly the higher
effectiveness of AURKA inhibition treatments in JHH6 cealtauld be attributed to the distinct HCC
subtypes of the two cell linegmphasizing themportanceof considering tumor heterogeneity in

therapeutic strategies.
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AURKA inhibition led to disruptions in cell mitosis, manifesting as centrosomal disorganization,
defective mitotic spindle assembly, incorrect chromosome alignment, impaired chromosome separation,
and incomplete cytokinesis. These disruptions inducedlaeltress, resulting in a gradual reduction in
cell viability over time. Despite their resistance to apoptosis, cancer cells progressed through anaphase
and telophase but failed to complete cytokinesis accurgbetynotingthe accumulation of multiple

chromosomes and the formation of aneuploid cells.

Silencing AURKA significantly reduced both AURKA mRNA and protein expression in the two cell
lines. Consistent withchemical inhibition, AURKA knockdown disrupted cell mitosis, leading to an

increased population of aneuploid cells and a reduction in cell viability over time.

In vitro, AURKA exertsregulatory control ovelPD-L1 throughtwo distinctmechanisms. The kinase
mediated activity of AURKAIs crucialin influencing PBL1 protein glycosylation and stabilization
while the presence of AURKA protein, irrespective of its kinase activity, has a notable impactldn PD
transcriptionIndeed, thereatment with the AURKA inhibitor AKD1 decreased RD1 glycosylated
mature forms, triggering a compensatory mechanism that promotedPBeld transcription.
Conversely, AURKA knockden led to a decrease in H1 promoter activationPD-L1 mRNA,
and newly translated RDL1 protein forms.

In conclusion, our study revealed the multifaceted roles of AURKA in the HCC progression,
uncovering its potential as a biomarker and a therapeutic taigetintricate interplay identified
between PEL1 and AURKA presents potentialavenue for the development of more precise and
effective therapeutic strategigSombining AURKA inhibitors with immune checkpoint inhibitors

holds promise, offering a synergic approach that could significantly benefit HCC patients
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Chapter 1 - Introduction

1.1 Hepatocellular carcinoma A worseningglobal burden

Liver cancer ighe sixth most common tumor worldwide202Q with more than 906.000 cases
annually, and the fourth leading cause of camekted death, with approximately 830.000 deaths
per yeafl]. Thehighest ge-standardied incidence and mortality raté8SR9 occurin Eastern Asia
(17.8 new caseand16.1 deathper 100,000 peopjeNorthern Africa (15.2 new cases, 14.5 deaths),
and SoutkEastern Asia (13.7 new cases, 13.2 deaths)milarity between th@umberof cases and
deathsunderlinesthe high mortality of thisdiseaseThe number of new casesd deathsf liver
cancer per yeawill increase by 55.0%nd 56.4%, respectivelypetween 2020 and 2040, with a
possible 1.4 million people diagnosaad 1.3 milliondyingin 204Q Liver cancer has a strong male
predominanceindicated by thel.2-3.6 times highetrASR among mals compared tdemales in all

world regiong2].

Hepatocellular carcinoma (HCC) is a primary liver turti@trepresents approximately -B5%
of all liver malignancie§l,2]. Its namederives fomthet e rhepaticytes , celltymefrom which
HCCoriginated3]. HCC is a progressive diseasaostlydeveloped>90%of caseyin patients with
chronic liver inflammation, fibrosis, and cirrhosi3espitea marked improvemem overall patient

managemenh the last decadebBlCC remais a malignang with anunfavorableprognosiq4].

1.1.1 From risk factors and molecular mechanisms to diagnostic advances in HCC

HCC is a lifethreatening malignancy triggered by chronic exposure to hepatitis B and C viruses,
excessive alcohol intake, hepatic lipid droplet accumulation, and afla{d}inong-term exposure
to theseisk factors determines a chronic liver inflammation that often results in cirrhosis, the main

predisposing condition for HCC developméghit

The occurrence dfhe risk factorsdependson geographyethnicity, age, and lifestylbabits
which deeply marksa variability in the incidence of HCC worldwidg]. Chronic infection of
Hepatitis B Virus (HBV)is the major etiological factor in most parts of Asia (except Japartjean
Latin America and Western Africa while Chronic Hepatitis C Virus (HCV) ifNorthern Africa,
North America,WesternEurope, Japan, artle Middle Eas{1] (Figurel). Metabolic dysfunction

associatedsteatoticliver disease(MASLD) i formerly named Nn-alcoholic fatty liver disease
1



Chapter X Introduction

(NAFLD) i has becomehe major cause of cirrhosis most developed countriesiringthe lastfew
years(Figure 1). MASLD is definedas the presence of hepasiteatosis in conjunction with one
cardiometabolic risk factor and no other discernible cgd6sg]. Alcohol abusas aprevalent isk

factor for HCCin Central and Eastern Eurgouth Latin America, and Southern Afridg (Figure
1).Heavy alcohol consumpt i e16%incrés3e irliver makgenana¢dly ) pr
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Figure 1. The global incidence of HCC and the major etiological factors involved i
hepatocarcinogenesigl]. The Hepatitis B virus (HBV) is the main risk factor in most parts of Asia, S
America, and Africa; while the Hepatitis C virus (HCV) is in Western Europe, North America, and

Alcohol intake represents ~50% efiologiesin Central and Eastern Europésv, Hepatitis B virus; HCV,
Hepatitis C virus; NASH, Non-alcoholic steatohepatitis, recently renamed MASMetabolic dysfunctiorassociated

steatohepatitis; ASR\ge-standardized incidence rate

The progression from cirrhosis to HCC is initiated by a gradual accumulation of somatic
mutations and copy number variations in driver genes. Among the most frequent altésghens
reactivation of telomerase (observed in 80% of HCC cases), which atalirdomeraseReverse
Transcriptase (TERT) promoter mutations, viral insertions, chromosome translocations, or gene
amplifications. Another common alteration is the activation of the Wingédated integration site
(Wnt)i b-catenin signaling pathway, edtified in 3050% of cases. This activation results from
mutations in key genes such@ateninbl (CTNNB2J, AXIN1, or APCRegulator of WNTSgnaling
Pathway (APC) inactivation[1]. Furtheralterationsoccur ingenesinvolved in cell cycle control
pathwayssuch asTumorProtein P53(TP53 andCyclin-DependenKinaselnhibitor 2A(CDKNA2),
oxidative stress Nuclear Factor Erythroid 2-Related Factor 2 (NFE2L2, Kelch Like ECH
Associated Protein KEAPD, and chromatin modificationA{l-Rich Interaction Domain 1A
(ARID1A), as well asn the pathway involvindAKT SerineThreonineKinase(AKT), Mechanistic

2
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Targetof RapamycirKinase(mTOR), andMitogenactivatedproteinkinase(MAPK) [1,9i 11]. The
high heterogeneity both at the intratumoral and iptgrent levels of HC@nakes more challenging
the comprehension t¢iie molecular mechanisnt hepatocarcinogenedis2,13]

The American Association for the Study of Liver Diseg#esSLD), the European Association
for the Study of the Live(EASL), and the Asian Pacific Association for the Study of the Liver
(APASL) recommend a surveillance program for patievite a high risk of HCC @velopmento
diagnosecancerat early stages and increase the possibilitiggovidingcurative treatment3.hese
patientsare recommended tondergo ultrasonograpliyS) every six months, with or without serum
Ufetoprotein (AFP) analysi$JS has low sensitivitf~47%) for early-stage HCCwhich ispartially
increased by thanalysis of serumPAFP to 4875%[14]. Additional diagnostic imaging testsuch as
computed tomography (CBnhd dynamic contrastnhanced magnetic resonance imaging (V&b

employed when dealing wilksions larger than 1cm in diameter or WitRP levels above 20ng/mL
[1].

Beyondultrasonography and diagnostic imagimgolecular biomarkers provide an additional
way for HCC detection Notably, the GALAD score, aracronym derive from the initials of each
biomarker integratesGenderand Age with the molecular biomarkerkens culinaris agglutinin A
reactive fraction of AFP(AFP-L3), AFP, and Descarboxyprothrombin (DCP)[15]. A
comprehensivenetaanalysisencompassing, 739 patients from 9 different studi@svestigatd the
overall diagnostic performanad the GALAD scorein detectingearly-stage HCOn patients with
chronic liver disease3 he study revealedraoderatesensitivity (0.73 (95%CI: 0.6®.79)) and high
specificity (0.87 (95%CI: 0.8D.91)) of GALAD score in HCC detection[16]. Despite
advancements in technology, concerted preventive campaigns, and surveillance initiatives in recent
decades, only a restricted number of patients receive anstagly diagnosiddost HCC patients are
diagnosedhtadvanced tumor stagegeldinga five-year survivakateof 20-40% [14]. Thus, persists
a crucial clinical need fahe identificatiorandintegrationof novelbiomarkers for HCGliagnosis.

1.1.2 The treatment strategie$or the different HCC stages: The urgency of new
therapies

Novel staging systemisave been developad the last three decades stratify HCC patients

according to the severity of the diselased on tumerelated features and preserved liver funcgtion

3
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critical elements for the maintenance of body homeostasis, which are gradually lost during tumor
progressiorf17]. The Barcelon&Clinic Liver Cancer (BCLC) classification is recommendedty

EASL and AASID [18] andclassifies HCC patients into fiveageqO0, A, B, C, and D) based on
tumor status (size, number, vascular invasion, lymph remtbmetastases), liver function idd-

Pugh score and Albumin-Bilirubin (ALBI) score), and overall health stat(Sigure 2). This
classificationhelps clinicians predict prognosis amdecidethe best treatment strateggr HCC
patients[19]. The decisionmaking process considers various factors such as tumor burden, the

severity of liver dysfunction, medical comorbidities, and patient prefer¢hdes

HCC

[ | 1 )

M

: Based on tumor burden, liver Very early stage (0) Early stage (A) Intermediate stage (B) Advanced stage (C) Terminal stage (D)

function and * Single <2 cm « Single, or <3 nodules each <3 cm * Multinodular + Portal invasion and/or extrahepatic spread = Any tumor burden
physical status + Preserved liver function*, PS 0 « Preserved liver function*, PS 0 * Preserved liver function®, PS 0 * Preserved liver function, PS 1-2 = End stage liver function, PS 3-4
Refined by AFP, ALBI score,

Lo Child-Pugh, MELD

- [ )
Potential candidate Single <3 nodules, Extended Well defined Diffuse, infiltrative,
§ for liver each <3 cm | | liver transplant | | nodules, preserved extensive
= transplantation criteria portal flow, bilobar liver
| § (size, AFP) selective access. involvement
Portal pressure,
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Figure 2. BCLC staging system and related treatment strategigd9]. The BCLC system establish

a prognosis and a firine treatment recommendation in accordance with the 5 stages (0, A, B, C, &
AFP, 6-fetoprotein; ALBI, Albumin-Bilirubin; BCLC, Barcelona Clinic Liver Cancer; BS®gst supportive care; ECORS,
Eastern Cooperative Oncology Greperformance status; LTiver transplantation; MELDModel of endstage liver disease
TACE, Transarterial chemoembolization.

The availabletreatment options for HC@main restricteccompared toother types of solid
tumors Patients diagnosed at early stages (BCLC 0/A) haveyaars median of expected survival
after treatments, which decreases to >2.5 years in intermediate stages (BCLC &), yaads in
advanced stages (BCLC (19] (Figure?2). Patients diagnosed at terminal sta@SLC D) have
an expected median survivall 3 months anareonly eligible for palliative therapied,19] (Figure

2).
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The management of very eadyage (BCLC 0) and eartage patients (BCLC Aincludes
potentially curative treatmenflepatic resectigriver transplantationl(T), and ablationfFigure2)
with ~70'80% of a 5year survival rateThe eligibility of patients for ablation, resection, or LT is
determined by factors such as liver function, portal hypertension, performance status, and tumor
characteristic§l]. For mul t i f oc al ( O3 9ld dsuhe best ofdi@strategye a ¢ h )
boostinga survival rate of 70% and a recurrence rate 6fLl%% at 5 yearswhile ablation and
recurrencéhavea high risk of HCC recurrendé,19]. The BCLC B stagecan be dividednto three
subgroupgFigure?), according to tumor burden and liver functioRatients with welldefined HCC
nodulesare candidates for LT{Figure 2), patientswith preserved portal flow and defined tumor
burdenare eligible foritansarterial chemoembolization (TAC@E)gure?2), andpatients with diffuse,
infiltrative, andextensivebilobar liver involvementare recommended for systemic thergpigure
2). During TACE, thechemotherapys deliveredto the tumor and causes embolization of the tumor
microcirculation This therapy has median overall survival (OS)f the patientestimatedat ~30
months[1,19].

From 2007 to 204 the only availabl€first-line option for the treatment of BCLC C patients was
the multikinase inhibitorsorafenib, which targets Vascular endothelial growth factor receptor
(VEGHR)-1, VEGRR-2, and VEGIR-3, Plateletderivedgrowth factorreceptor (PDGFR), andaf-1
proto-oncogeneserinethreoninekinase (RAF1) [14]. In 2018, the approval of the multikinase
inhibitor lenvatinibrepresented a notable advancement. Lenvatinib demonstrated a slightly higher
medianOS (13.6 months) compared with Sorafenib (13.2 morjtjs)However, the current first
choice as firstine treatment for BCLC C patients the combination o&n immune checkpoint
inhibitor (aezolizumal with an oncogengargeted therapgbevacizumabp (Figure 2) approved by
the Food and Drug Administration (FDA) in May 2020.

The phase IllIMbravel50 study reveale@d superior survival benefibf atezolizumab
bevacizumalfmedian OSf 19.2months) compared tarafenib (median OS of 18months)[20].
Bevacizumalacts by selectively binding circulatingascular Endothelial Growth FactGVEGF),
while Atezolizumab (IgG1 antProgrammed deathligand 1 (RD-L1)) is a drug that binds and blocks
PD-L1 interaction with its receptor ProgrammBeath1l (PD-1) promoting T cell response and
inhibiting tumor immune evasiof21,22] Oncogenetargetedtherapiesin cancer treatmentan
provide a high response in patietitat timely leads to resistancehile immunotherapy has a

relatively low response in patientsit with consistent prolonged effect§hus, the combination of
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immune checkpoint inhilors andoncogendargeted therapyan improve the efficacy and loitigrm

effectiveness of the treatmd@s].

An alternative firsline treatment is representbg the combination of durvalumab (aftD-L1
monoclonal antibody) and tremelimalm (anttCytotoxic T LymphocyteAssociated Antigen 4
(CTLA-4) monoclonal antibody]19] (Figure 2). The phase Il HIMALAYA trial showed that a
single priming dose of tremelimumab added to durvalusighificantly prolonged the survival
(median OS of 16.4 months) compared to sorafenib (13.8 months) and durvalumab as monotherapy

is not inferior to sorafenib in firdine therapy[24].

Theadvent ofrecenttherapiesasincrease@dvancd patients éxpected survivato two years or
more Howeverthe demand fonoveltherapies that can markedly improve patient sunpeasists.
The exploration of combining multiple drugs, particularly immune checkpoint inhibitors and
oncogendargeted therapies, represents a promising direction for further investigation.

1.2 Aurora kinase A: A protein with multifaceted roles

TheAurora kinaséamily is a groupf serine/threonine kinases thagulatesnitotic cell division
(mitotic entry, spindle assemblignd cytokinesis)fundamental process&s maintaining the fidelity
of genetic informatioi25]. Thear family nameoriginated from the observation thairora-mutated
Drosophila melanogastercells failedto correct duplicag and separattheir centrosome during
mitosis This results in théormation of defective spindlesharacterized bsnonopolarconfiguration
rather tharthe typical bipolar spindle which resemblghe aurora borealis phenomenorj26]. In
mammalsthethree members of th&urora kinasdamily are AuroraKinaseA (AURKA), Aurora
KinaseB (AURKB), and AuroraKinaseC (AURKC) [27]. AURKA and AURKB areexpressed in
most somaticcell typeswhere theyregulae cell division during mitosiswhereas AURKC is
predominantly expressed germ cells and early embryadere it regulatemeicsis [10,25,26,28]

However, recent evidenca@vedthat AURKC @analsomodulatemitosis[26,29]

1.2.1 AURKA protein structure

AURKA genemays on human chromosomes 20g187] andencodes for at leadi6 known

transcriptvariantg30]. The reference transcript encodes for ad®thoacid @a protein constituted
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by a kinase domain flanked by two noatalytic domains, known as thetBrminal domain (length:
39-139aa) and the-@&rminal domain (1520aa)[27].

TheAURKA ki nase domai n i-stranded M strinti intad d hishbak@ am d
terminal lobe linked together by a hinge region, andAdenosine triphosphatéATP)-binding
pocket The hydrogen bonds link the purine ring of adenosine to the hinge rdgidn An
intermolecular transeaction within the twdobed AURKA domairtriggersautophosphorylation on
the conserved catalytic-[dbop residue (Thr288) of thé&-terminal lobe, followed by a 3D
conformation change of the kinase catalytic AdiRding pocket This conformational alteration
involves the opening of the catalytic loop, thereby activating the kinase a¢&¥|82] (Figure3).
TheC-terminal domairorchestratetheinteractionsvith co-factorsthat goverrprotein conformation
while the N-terminal domainplays apivotal functionin the interaction with its protein partners,
therebyregulatingAURKA localization and functiof27].

Loop
closed

Figure 3. AURKA structure. (A) Human AURKA in a close conformation bound to the inhib
CD532[33], structure 4j8M, taken from the protein data bank PDB datafseéluman AURKA in an
open conformation in complex with AT[B4], structure 5DNR, taken from the protein data bank F
database. Phosphorylation on the activation loop switches the kinase into an dotipecdnformation
required to provide access to ATP and substrates.

1.2.2 The fundamental role &URKA in mitosis

AURKA plays a pivotal role inthe regulation of the mitotic procegsarticularly in G2/M
transition, centrosome maturatiomitosis entry, and mitotic spindle formatiori27,35} AURKA

levels are lowin the G1 phase, but as the cell cycle progresses, thereingi@ase in transcription
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and protein accumulation within nuclei. This elevatimyinstowards the end of the S phase and
reaches its peak during the G2 phga&37]

The tight regulation of AURKA transcription during the cell cycle is orchestrated by specific
elements located in its promoter region, namelyGgk cycledependent element (CDE) agell
cycle gene homology region (CHE36]. The DP/RB-like/E2HMuvB (DREAM) binds on the CHR

facilitated by CDEplaying a pivotal role in either activating or repressing transcrip@8h

During mitosis, the phosphorylation on Thr388ys a fundamental rola regulatingthe kinase
activity of AURKA, enabling acorrect mitaic process It can beinitiated by AURKA through
autophosphorylatiof27] or with the involvement o$everal cefactors including Ajuba LIMProtein
(AJUBA) [39], TargetingProtein for XenopuKinesinLike Protein 2 (TPX2)[40], and Protein
Aurora Borealis (BORA)[41] (Figure 4). The Thr288 phosphorylation triggers the activation of
AURKA subsequently prompting the phosphorylation of itdamtor, BORA, thusincreasingthe
kinase activity of AURKA[41]. ConsequentlyAURKA can phosphorylate and activates Cyclin-
DependenKinasel (CDK1)-Cyclin B complexto unlock the G2/M checkpoiriB9] (Figure 4).
During the G2/M transition AURKA localizes in the centrosome and contributegstonaturation
before mitotic entry27]. The localization of AURKA at the centrosome is facilitated by two distinct
mechanisms. The #&rminal domain promotes AURK#Mteractionwith the centrosomeg!2,43]

andthe CDK1lincreaseduring prophaseontributes tats recruitmen{27].

Before spindle assembly, URKA whose activity is maintained by AJUBA, recruiperk
centriolar material (PCMproteins such a€entrosominLarge Tumor Suppress@ (LATS2), and
BreastCancer Typel (BRCAL)to organizethe microtubuleorganizing center (MTOYX[44i 46]
(Figure 4). LATS2 recruits o-tubulin and BRCA1 promotesmicrotubule nucleation during
centrosome maturatiqi4,47] At metaphase, BRKA localizesto the proximamicrotubule spindle
and targetsnicrotubuleassociated proteins assembleéhe mitotic spindlg27] (Figure4). During
the initial spindle assembly, TPX&llows the mantenarce of AURKAG sctive conformation,

protecing the kinasérom dephosphorylatioby ProteinPhosphatasé”P)1 andPP6[27,29]

The second part of the mitotic process igutated byAURKB promotingspindle assembly
checkpoint crossindriggeling sister chromatids separati@andphosphorylahg somecytoskeleton
regulatory proteingrcludingVimentinandDesmin) at the midbody to organize the cleavage furrow
for cytokinesig27].
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To enable theprogressof the cell cycle, AURKA inactivation anddegradationare essential
processes durintpephase known as "mitotic exif48]. Thesetwo processesperatandependently
each involvingdifferent actorsThe Anaphas&romoting ComplefCyclosome (APC/C), along with
its co-activator Cell Division Cycle 20 (CDC2Qkgcognize§ PX2 andpromotsits destructionThe

loss of interaction with TPX2 triggers the dephosphorylation of AURKA at Thr288, subsequently

promoting PPAmediated inactivatiorf49]. In the degradation proces8PC/C is assisted by the
coactivator Fizzy and Cell Division Cycle 20 Related 1(FZR1) The APC/GFZR1 complex
recognizes AURKA as one of its substratexl catalyze the transfer of ubiquitin molecules to
specific lysine residug®0,51]in conjugationwith two E2 ubiquitin enzymes This ubiquitination

procesdarges the substratdor proteasomenediateddegradatiorj52] (Figure4). The inactivation

and degradation of AURKA are crucial to ensure the correct progression of the cell cycle, preventing

potential errors or anomalies.
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Figure4 AURKAGs r ol es AURKAIiismprmartyiactivated by its autphosphorylation
on Thr288 (phosphAURKA (p-AURKA)), which is promoted by several €actors including the Ajubs
LIM protein (AJUBA), the Targetindfrotein for Xenopu¥KinesinLike Protein 2 (TPX2), and the Prote
AuroraBorealis (BORA). Once activated, AURKA phosphorylates and activates €yefiendenKinase
1 (CDK1)}Cyclin B complex to unlock the G2/M checkpoint. In the G2/M phase, AURKA pron
centrosome maturation, mitotic eyt mitotic spindle formation, spindle assembly checkpoint (S
establishment, and cytokinesi s. As mi t Amaphase
Promoting Complex/Cyclosome (APC/@yough ubiquitinmediated proteolysis.
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1.2.3 AURKA: Aprotein with various functions besides cell cycle regulation

AURKA mainly undergoeslegradatiorthrough ubiquitinmediated proteolysid ur i ng @A mi t
e X i[50,93] Nevertheless,acent evidence suggests the presence of an interphase pool of AURKA
with diverse function$54,55] This poolcan be preserved froproteasomal degradation, possibly
due to the phosphorylation of the Ser51 resi@&¢. The undegraded pool of AURKA has various
nortmitotic physiological functions that vary accordinghe cell cyclephasegellular localization
and cell typg54].

In the M phase, AURKA phosphorylat&eminin GMNN) on Thr25residue which preserves
ChromatinLicensing and DNAReplicationFactor 1 (CDT1)rom degradationthuspromoting the
initiation of DNA replication [57,58] During interphaseAURKA (Thr288) autophosphorylation
promoted by the scaffolding protein Neurtecursor Cell Expressed Developmentally Down
Regulate® (NEDD?9) resultsn Histone Deacetylase (6DAC6) phosphorylationwhich promotes
the disassembly of the primary ciliuna processassociated wittthe cells re-entering the cycle
[59,60]

AURKA canlocalizein thenucleus andegulate various epigenetic factors, such as Chromobox
3 (CBX3), also known as Heterochroma@@n ot e i n [BY, and hifkoheHi2,63] AURKA
mediates the H3S10 phosphorylation, which promotes the transcripti@elbDivision Cycle
Associated 1CDCA7? andCell Division Cycle 25A(CDC25A and blocks the recruitment of the
EuchromatidHistone Lysine Methyltransferage(EHMT2) transcriptional repressf3]. AURKA
can also localizén mitochondriato regulatemitochondrial fissionlt promotes the phosphorylation
of DynaminRelatedProtein 1 (DRP1)pn Ser616triggeringmitochondrial fission anénsuring the
proper distribution omitochondria to daughter cellé4,65]

Finally, AURKA is abundantly expressed in pasitotic neurons, cells that undergo neurite
outgrowth playing a central role in neuromorphogenefis]. Atypical Protein Kinase C (aPKC)
phosphorylates AURKA on Thr287acilitating the binding of TPX2 to AURKAThis interaction
promotes AURKA phosphorylatiomn Thr288[67], leading to the phosphorylation &fudE
Neurodevelopment Protein 1 Like 1 (NDELDn Ser251 residudby AURKA [68]. The
aPKC/AURKA/NDEL1 pathway promotes the formation of a functional MTOC during neurite
extensiorn67].
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1.3 Aurora kinase A in hepatocellular carcinoma:A potential therapeutic target

The association between AURKA and malignant phenotypes has become increasingly evident
over the years. AURKA frequently exhibits elevatedels in tumorgFigure5), attributed togene
amplifications[69], single point mutationg0i 72], and postranscriptional regulation mechanisms,

such asnicro-RNAs (miRNASs) [10,73]
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Figure 5. AURKA expressionin tumor and paired normal tissuesfrom the GEPIA database
(http://gepia.cancerpku.cn/). In most tumor types (T, in red), AURKA expression is significantly hig
compared to paired normal tissues (T, in green), except for acute myeloid leukemia (LAML) whe

markedly decreasedhCC, Adrenocortical Carcinoma;BLCA, Bladder Urothelial Carcinoma;BRCA, Breast Invasive
CarcinomaCESCG CervicalSquamous Cell Carcinoma And Endocervical Adenocarcin@H&L, CholangiocarcinomaCOAD,
Colon AdenocarcinomabLBC, Lymphoid Neoplasm Diffuse Larg8-Cell Lymptoma; ESCA EsophageaCarcinoma;GBM,
GlioblastomaMultiforme; HNSC HeadAnd Neck Squamous Cell CarcinonkdCH, Kidney ChromophobeKIRC, Kidney Renal
Clear Cell Carcinom&IRP, Kidney Renal Papillary Cell CarcinombBAML , AcuteMyeloid Leukemial-GG, BrainLower Grade
Glioma;LIHC, Liver Hepatocellular Carcinom&UAD, Lung Adenocarcinoma.USC, Lung Squamous Cell CarcinomstESQ,
MesotheliomaOV, OvarianSerous CystadenocarcinonRAAD, Pancreati?AdenocarcinomaPCPG Pheochromocytomand
ParagangliomaPRAD, ProstateAdenocarcinomaREAD, RectumAdenocarcinomaSARC, Sarcoma SKCM, Skin Cutaneous
Melanoma; STAD, StomachAdenocarcinoma;TGCT, Testicular Germ Cell Tumors;THCA, Thyroid Carcinoma; THYM,

Thymoma UCEC, UterineCorpus Endometrial Camdoma;UCS, UterineCarcinosarcoma;JVM, UvealMelanoma.

Interactive Analysis (GEPdgtabase

According to the Genome Expression Profiling
(http://gepia.cancepku.cn/) 82% of tumors (2 of 33 tumor types, includinigreast uterus, ovaries,

liver, andlung) show high levels of AURKA expression, with iqgranscripts per million [TPM] +
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1) v a l(FigersS). CoAversely, nly 18% of cancer typesxhibit AURKA expression with log
(TPM + 1) values <&uch as brain lowegrade gliomgLGG), prostate adenocarcinon@RAD),
andthyroid carcinoma (THCAJ]10,25] (Figure5).

1.3.1 AURKA dysregulation in HCC

NumerousstudieshaveinvestigatedAURKAexpressiorin HCC acrosspublicly available gene
expression datasetxllectively pointing tdhigher expression URKAMRNA in tumors compared
to nonrcancerous tissug¢g4i 86]. AURKAexpressions markedly increasein HBV* HCC samples
when contrasted witthe paired HBV nonrtumoral liver tissues itwo distinctdatasets, GSE14520
(HBV™ HCC: 128.00 (78.7219.79), HBV: 26.35 (22.633.63)) and GSE121248 (HBWHCC:
227.54 (155.4835.46), HBV: 80.45 (64.06101.83))[82]. The dysregulation of AURKA was
further corroborated in a cohort of HCC patients ftbeNational Taiwan University Hospitavhere
AURKAMRNA exhibitedoverexpresionin 137 out of 224 (61%)tumors compared to thaaired
non-tumorportion of the live{69] (Tablel).

The overexpression extends beyond the mRNA level, as the AURKA protein is frequently
elevatedn HCC tumorsAURKA proteinwas significantly upregulated v out of 2ZHCC patient$
liver samples(77.3%9 from the Tianjin Medical University Cancer Institute and Hospif@r].
Consistent findings of AURKA protein overexpression have been reporfeglancohorts of HCC
patientg88i 90] (Tablel).

Table 1. Literature evidence of the AURKA expression in HCClissues.

Molecule AURKA HCC tissues Paired non-tumor References
expression (n) tissues(n)
MRNA Up 10 10 [77]
MmRNA Up 244 199 [69]
MRNA Up 40 40 [81]
MRNA / protein Up 46 46 [90]
mRNA / protein Up 3 3 [88]
Protein Up 22 22 [87]
Protein Up (WB) 24 24 [89]
Up (IHC) 141 139

WB, Western blot; IHC, Immunohistochemistry
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High levels of AURKA have been linked to clinical aggressiveness, poor outconfagprable
prognoses, therapeutic resistance, higgher early recurrenceisk in HCC patientd90,91] HCC
patientsexhibiting high AURKA and AURKB expression (n=51) experienced significantly shorter
OS and diseaskee survival (DFS) rates compared to those with low expression in at least one of the
two proteins (n=87)89] (Tablel). Likewise, another studybserved poor prognosis in patients with
high AURKA levels (n=15) compared to patients with low AURKA expression (Ar1Higher
AURKAMRNA expression was noted in intrahepatic metastasis (n=26) compared to primary HCC
samples (n=20)R0] (Tablel).

1.3.2 AURKA regulates multiple pathways in HCC

The precise mechanisms of AURKA action in cancer, particularly in HCC, are not fully
elucidated, highlighting a gap in the existing literatidewever the reported overexpression of
AURKA in HCC suggests its involvement anucial oncogenic processes within cancer cells, such
as proliferation, survival, migration, and invasion. These fundamental cancer hallmarks are
modulated by diverse signaling pathways, where AURKA may exgiktcdal role, contributing to

malignant transformation and disease progoeg$i2i 94].

Beyond itscritical role in cell cycle regulation, AURKAcan also regulatecell proliferation
through interactions with different oncogenés.anin vitro HCC model (MHCG97H), AURKA
regulatel MYC Proto-Oncogene, BHLH Transcription Fact@MYC) by binding to its Nuclear
hypersensitive element Il 1 (NHEIII1) region, thereby enhancing its transcriptional activity and
promoting the malignant phenotype of the c¢85§]. Additionally, another study revealed that
AURKA contributes to MYC expression by facilitating its mRNA expressama inhibiting its
protein degradation. In HCC, elevated expression of Inhibitor of Differentiation 1 (N2%)
associated with a worse prognosis. The competitive binding of ID1 to the AFRXRRC complex
promotes AURKA overexpression, leading to an increase in MYC expression, thereby fostering a
highly malignant phenotype characterized by enhanced metastatig abditdrug resistan¢@6]. In
a feedback loopYC enhanceAURKA expressiorby binding toits promoter regions containing
highly conserved Box regions in the CpG islandbus sustaining malignant phenotyps HCC
cell lines[95]. AURKA can additionally be regulated byeHypoxia-Inducible Factoda (HIF-1a).

In hypoxic conditionsHIF-1a can transcriptionally regulate AURKA by binding to thgpbxia
responsive elements in thdJRKA promoter andecruiing the ceactivatorp300/CREBBInding

Protein (CBP). AURKA promots hyperproliferation, increased survival, and a more malignant
13
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phenotypen HCC cell lines HepG2 and BEL7405cells),by regulatingdownstream signalingKT
and R38/MAPK pathwayq97].

AURKA plays a role in epithelialnesenchymal transition (EMT) and stemness by regulating the
Phosphoinositide -Binases (PI3K)/AKT pathway. In the context ldCC metastasis following ion
radiation, stable expression of AURKIA vitro cell lines (HepG2 and Huh7 cells) enhahcell
invasive ability. AURKAoverexpressing cells exhibd decreased {€adherin and increased- N
cadherin and vimentin levelsnarkers of EMT. Simultaneously, overexpression of AURKA
enhancd the levels of thenarkers of Cancestem cells (CSC) such asCD133 and CD44 levels
These oncogenic processes are driven by an increase in AKT phosphoryfatsnAURKA
knockdownsuppreses radiatiorenhanced cell invasiveness in H(3D]. Additionally, interleukin
enhancerbinding factor 3 (ILF3), a doublstranded RNAbinding protein,was recruited by the
KDM4A antisense RNA 1 (KDM4AAS1) to promotehestability of AURKAMRNA, whichresuted
in increased activation of the PISK/AKT signaling, consequently promoting EiwWitro HCC
models(Hep3B and Huhtells) andin vivo (BALB/C mice)[98].

Resistance to apoptotic signaling is a common hallmark in HCC. AURKA contributes to this
resistance by dysregulating the Nuclear Factor kappaBs(BH si gnal i ng pat hway
of cell death and inflammatidi®9]. AURKA promotes the classical activation of dFB s i gnal i
by phosphorylating the NB B i n [ (NFKBIAD on Ser32 and S86 residues, leading the
proteasomal degradation of the protendthe translocation theNF-e B comp | ex i.nt o t
In turn, this promotes the transcription of presurvival target genes such 8CL1 Apoptosis
RegulatorBCL2 Family Member(MCL-1) and B-Cell Leukemialymphoma 2(BCL-2) [100].

Likewise, NFe B nucl ear | ocali zat i on-2lp Thes mardoding RNAh e e X
negatively regulateBhosphatase And Tensin Homol@TEN) and obstruct€aspase3-mediated
apoptosis by upregulating antiapoptotic proteins, includirdKp and BCL-2. Through
AURKA/NF-a B/ n2il/RTEN signaling axjslysregulatedMURKA promotes a potential initiation

of chemoresistanda vitro (HepG2, SMMC7721,andHep3Bcells) andin vivomice model§101].

1.3.3 AURKA can be a target for liver cancéretrapy

AURKA is consistently overexpressed in HQ@Ai 90], playing pivotal roles in promoting
proliferation, migration, and resistance to apoptofd8i 98,100,101] Given its significant
involvement in hepatocarcinogenesis, AURKA emerges astantial candidate for therapeutic

targeting in HCC.Recent evidenc@nvestigated thenolecularmechanismsvhich determinethe
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efficacy oflenvatinib treatmennh HCC. Docking algorithms predietithe noncovalent interaction
betweerthe molecular targets and the drug, basadinbound 3D structureand AURKA wasone
of the possible targets adrivatinib in HCJ102].

Several compourghble to inhibit AURKAwere identifiedn vitro andsome of themverefurther
explored inpreclinical or clinical trialsas potential cancer therapi€Bhe initial generation of
AURKA inhibitors comprises ATRompetitive inhibitors that bind to the ATP bindipgcket of
AURKA. The components of this groaprrentlyare the most tested inhibitoirs clinical studies
[103]. Noveltypes of AURKA inhibitors bind to an allosteric site, impeding either the kinase activity
or AURKA proteinprotein interactionsPanAurora kinase inhibitors target multiple Aurdamily
membersAURKA, AURKB, and AURKC) with moderate specificitfRecently,newly designed
pan-Aurora kinase inhibitors have been tesireditro andin vivoin preclinical studies, exhibiting
potent inhibitory effects on Aurora kinase activatyfow concentrationfl04i 106]. These inhibitors

needto be evaluateah clinical studies to confirnther utility in tumor therapy

Alisertib (MLN8237), an ATRPcompetitive and reversible AURKApecific inhibitor, is the most
extensively studied AURKA inhibitor. It exhibits higher selectivity (Z0@ higher) for AURKA
than for AURKB. Alisertib promoeés the arrest of cells athe G2/M phase, mitotic spindle
disorganiation and chromosome misalignmgfh07,108] In multiple cancer cell lines and xenograft
models,alisertib inhibits cell proliferation by impairing mitosis, blocking tBMT process and
promoting cell cycle arrest and autophagy, as well as accelerating cancer cell apoptosis and
senescencd 07,109] Due to its potent efficacy in preclinical studidssertib underwenfhase /11
clinical trials for several cancers, including lymphomas, leukemia, gastric, ovarian, andurneast
However, phase lll trials were halted in 2015 due to the lack of significant effects on patient survival
and the presence of strong side effects including hematekgilcgastrointestinaklated toxicities,
commonly observed in singlgentalisertib studieq110,111] Therefore, alisertib has undergone
testing in combination therapies aimed at enhancing itdw@mbr efficacy while minimizing toxicity
and managing adverse effects. A phase | clinical trial established that the combination of alisertib and
docetaxel waswell-tolerated and demonstrated antitumor activity across diverse cancer types,
including prostate cancer and upper gastrointestinal adenocarcirj@d3413] Additionally,
combining alisertib with paclitaxel has shown promising results in ovarian cancer, resulting in

increased diseadese survival compared to paclitaxel monothergd4].
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AK-01 (LY3295668)is a reversible ATRcompetitive inhibitor, exhibiting an over 2080ld
selectivity for AURKA over AURKB. First introduced in clinical trials in 2014, AH features a
fluorine atom within the pyrimidine ring, strategically positioned to bring the carbexgfaAK-01
in closer proximity to Thr217 of AURKA, thus facilitating inhibitidn15,116] AK-01 exhibited
promising efficacy iraffecting cell proliferation and viabilitin vitro, thus it is currentlyyindergoing
phase Il clinical trials (NCT03092934) in patients with srsall lung cance(SCLC), breast cancer,
and other solid tumofd.15].

To gain a deeper understanding of how AURKA inhibitors combat hepatocarcinogenesis, both
AK-01 and alisertib have undergone-phaical testing specifically in HCC model8K-01 blocks
proliferation in a timedependent manner amafluencescell viability in HCC-derived cell lines as
well asin a broad range of cancer celldisertib reducs the proliferative capacity and survival of
the HCC cells compared tenvatinib treatment alorendincreass the cytotoxic effects and anti
metastatic activity ofenvatinibin vitro HCC cell line HepG2cells). The combination ofenvatinib
and disertib can also inhibiDNA damage response pathwg§%,115]

1.3.4 Modulation of the immune response by AURKA: A possibility for therapy

combination

Numerous studies have unveiled the regulatongtionof oncogenes in modulatinbeimmune
microenvironmentThe role of AURKA in immune checkpoint regulation and immune response to
thetumor remains a subject of debate due to conflicting eviddrige120]. However, regardless of
its specific function in immune regulation, the combined inhibition of AURKA ane_PDas been

shown to promote immune infiltration and the cytotoxic elimination of tumor cells.

In triple-negative breast cancer (TNBC), AURKAAhance®D-L1 levels facilitatingheimmune
escape for tumor celld17,118] Overexpression of AURKA in a TNBC cell line (MDMB-231
cells) promotes PIL1 expression through the activation of the MYC signaling path&bguated
PD-L1 levels n cancerpatientsareassociateavith high malignancy and poor clinicpfognosisin
vitro, AURKA knockdownenhanceimmune response by promotitige proliferation andactivity of
CD8" T cells. In vivo (4T1 engrafted BALB/c mou3ecAURKA positively correlates with tumor
growth, and negativelyvith the enrichment anaktivity of tumorinfiltrating CD8' T cells[117]. The
treatment of MDAMB 231/LM xenograft mice with alisertib reduces CD44 levels andLBD
expression, promoting CD8+ T cell infiltration. Combining alisertib with the-RBtL_1 inhibitor
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atezolizumab in xenograft mice results in decreased expression of the EMT marker vimentin,

associated with a lack of organ metastfklsS].

Novel studies have suggested a relevant role of AURKA in the negative regulationlaf PD
expression in tumors through various pathways, enhancing immune cell infiltration and the immune
responsg119,120] In diverse solid tumor cell lines (BXxPC3, A549, HCT116, and T24 cells),
AURKA directly phosphorylatesCyclic GMP-AMP Synthase (cGAS), suppressing D
expression. Aliserttinduced AURKA inhibition activates the cGASiimulator of IFN Genes
(STING)/NFe B pat hway, -Lbpexpressiorfli20i.¢n a BrBast cancer cell liInSKBR3
cells),alisertib promote PD-L1 expression in a timeand concentraticdependent mannénrough
the phosphorylatiorof with Signal Transducer and\ctivator of Transcription 3 (STAT3)pn the
Tyr705 residue[119]. AURKA overexpression promoteSTAT3 nuclear translocatiowith the
consequent activation of the transcription actifA®1]. In vivo (4T1-breast tumor xenograftouse,
treatmentwith alisertibdecreasethe CD3 and CD8 T cell infiltration. Considering that alisertib
suppresses tranti-tumor immune function of T cells by upregulating-RD, ananti-PD-L1 antibog/
could promote the immune response against the tumor. Thus, the combafatisertibwith anti
PD-L1 antibodycan enhance the efficacy thfe immundherapy significantlyincreasng CD3" and
CD8' T cell infiltration in tumor tissuesaccompanied byhe reduction of the tumor volunie the
MC38-colorectal cancer xenograft tumor moflEl9].

The role of AURKA in the regulation of the immune microenvironment in HCC remains to be
fully elucidated Theelevatedexpression oécluster of genes containiddJRKAand 8related genes
is associatedavith the increaseéxpressiorof the immune checkpoinsiuch af?D-L1, Sialic Acid-
Binding Ig Like Lectin 15 (SIGLEC15), Tell Immunoreceptor with Ignd ITIM Domains (TIGIT),
Hepatitis A Virus Cellular Receptor 2 (HAVCR2), an®rogrammedCell Death 1 Ligand 2
(PDCD1LG2) along with a higher percentage of immune cell infiltrati@D4" T cells
macrophages,neutrophils, and dendritic cells) [74]. According to the TIMER database
(https://cistrome.shinyapps.io/timgrAURKAexpressiomositively correlates witthe infiltration of
several immune cells in the HCC microenvironmantludingB cells CD4" T cells macrophages,
dendritic cells[122,123] CD8" T cells and neutrophil§122]. The combination of AURKA
expression and macrophage levels demonstrates promising prognostic value for HCC patents (
CancerGenomeAtlas (TCGA), n=362), with a high macrophage number predicting significantly
shorterOSin the highRAURKA group[123].
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While AURKA may promote immune recruitment at the tumor level, the expression and
localizationof immune checkpoints on the cell surface protect tumor cells from degradatiogby;he
the tumor microenvironmenenriched inimmune cellsfosters chronic inflammation and tissue
remodeling, promoting tumor growth and metastasis [121]. AURKA represents an intriguing
therapeutic target in HCC due to its role in immune recruitment and regulation within the tumor
microenvironment. Considering ah immune checkpoininhibitors can enhance the activity of
oncogendargeted therapy, exploring the combination of AURK#geted therapy and immune
checkpoint inhibitors, specifically ariD-L1 therapy, is an option warranting further investigation

in hepatocarcinogenesis
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Chapter 2 - Aims of the study

HCCis one of the most prevalent tumors globalhdranks as the fourth leading cause of cancer
related deathsvith both the incidence and mortalgypectedo increase in the coming yealBespite
thenotableprogresin HCCtreatmentthepersistently highmortality rateis mainly attributed to late
stage diagnoses and limitdterapeuticefficacy. In advancedtage, the combination of oncogene
targeted therapy and immunotherdg@camehe firstline treatmentn the last yearsdemonstrating
slightly improved outcomes compared to previous therapigsmodest improvemertbserved ca
be attributed to the substantial heterogeneity of the disease, resulting in each patient being distinctly
unique. Consequentlyhere isan urgentneedto identify novel therapeutic targets, potentially in
combination with immune checkpoint inhibitors, to address the intricate vayaijilihe condition.

AURKA hasemergé as a relevant oncogeire HCC, showingsubstantial overexpression and
playing a cruciafunctionin keytumorigenicprocesses, including proliferation, survival, migration,
invasion, and resistance to apoptodibus, AURKA can bea promising candidate for targeted
therapy in HCCegspecially considerinthe ongoing clinical trials involving AURKA inhibitors in

cancer treatments.

Furthermore, recent studies have unvettegrole of AURKA in PD-L1 reguldion, addng an
intriguing novel layer to its role in canceiThis discovery not only deepetise understanding of
AURKA's multifaceted functionsn cancerbut also creates exciting prospects for combination
therapies. The potential synergic effecfsSAURKA inhibitors with immure checkpoint inhibitors
further underscore the need to investigate AURKA as a possible therapeutic target, offering potential

enhancements in treatment outcomes for HCC.

Considering the lack of information available on AURKA in liver disease, this project aims to
comprehensively investigate the expression ef kimase and its interactors in both HCC and
precancerous conditions and assess the molecular and cellular effects of AURKA inhibition and

knockdown, with a particular focus on R regulation.
The experimental setupasorganizednto threemajortasks:

1. Analysis of AURKA expression in HCC human samplesestigate the changes in the
kinaseexpression throughout hepatocarcinoggsand establish correlations with TPX2
and PDL1.
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2. Confirmation of AURKA expression changes in a mouse model: Validtte
modifications in the kinase expression using ra animal model recapitulating
hepatocarcinogessis

3. ldentificationof AURKA's role in PDL1 regulation:Elucidatethe possiblefunctions of

AURKA in regulatingPD-L1 throughin vitro experiments.

This study could enhance the understanding of the intricate dynamics of AURKA and its
interactions in the context of HCC. This knowledge could pave the way for the development of a
synergc therapeuti@approach through the combination of AURKA inhibitors andPDinhibitors,
such as atezolizumahs a promising strategy for HCC treatment.
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Chapter 3 - Material sand methods

3.1 Human clinical tissue samples

3.1.1 HCC patients

Fifty-six consecutive patients diagnosed with H&€ording tadhe EASL criteria wreenrolled.
Patients underwent partial hepatectomy (liver resection) between December 2008 and January 2023
at theSurgery departmerdf the University Hospital of Triestdtaly. The inclusion criteria were
restricted to adult patients with a confirmed diagnosis of HCC, while exclusion criteria encompassed
those with concurrent hepatic malignancy or other malignant diseases, as well as pediatric HCC

patients.

From each patient, different portions of the diseased liver were collected, indiudioghodules
and pairedadjacentnontumoraltissues A standardized sample collection procedure (size, type of
tissues, and storage condition) was executeesh liver tissues were meticulouslgllectedand
stored using either RNAlater stabilization solutidti7021, Invitrogef , Waltham, MA, USA or
snapf r ozen i n | iquid nit Siomgteneoudyncdrrespbnding pastions wezed a
fixed in formalin, enbedded in paraffingut in serial sectionsand subjected to comprehensive
histological analysisncluding hematoxylin and eosin (HE) stainjipgrformedy Azienda Sanitaria

Universitaria Giuliano Isontina (ASUGI), Trieste, Italy

The populationwith a median age of 69.95 [62-34.48]consiss of 44 males and 12 females.
The etiology of the malignancy varied, witi% (5/56)attributed toHBV, 30% (7/56) to HCV,
38% @1/56) to MASLD or/and Alcoholassociated liver disease (ALEYnd 9%(5/56) with mixed
etiologies(Table 2). Edmondson Steiner (ES) HCC grading, tumor parameters, laboratory results,
and other clinicalariableswere evaluated based on international criteCiempletedemographic,
clinical, andpathologicalfeaturesof the study cohorts are listedTiable2 andTable3. The median
follow-up for the cohort was 35.50 [17:889.00] months. During this period, 27 patients (48%)
experienced tumor recurrence, with a median recurrence time of 18.0&0748) monthsand 27
(48%) died.
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Table 2. Pathologicalvariables of HCC patients.

Variables HCC (N=56)
Etiology (HCV/HBV/ MASLD or/and ALD /Mix) 17/621/5
Fibrosis Score (FOF4/F5-F6) 16/38
Child-Pugh Score (A/B/C) 53/3/0
BCLC classes (8A/B/C) 38/13/5
Cirrhosis (Y/N) 43/13
Grading (Well/Medium/Poor/Not diff.) 15/28/8/1

Variableswere represented by the number of patiehit®, Alcohol-associated liver diseggdBV, Hepatitis B Virus; HCV, Hepatitis
C Virus; MASLD, Metabolic dysfunctiorassociated steatotic liver disealie No; Y, Yes

The study was approved liye Comitato Etico Regionale Unico of Friuli Venezia Giulia, Prot.
No. 18854 Informed consent was diligently obtained from each patient or their legal representative,

and sensitive data weneeticulously protected through anonymization.

Table 3. Demographic and clinical variables of HCCand MASLD patients.

Variables HCC (N=56) MASLD (N=17)
Gender M/F) 44/12 9/8

Age 69.95 [62.3374.48] 53.00[39.00-58.00]
BMI 41.51 [38.8245.60]
Hemoglobin (g/dl) 14.15 [13.4515.35]

Platelet Count (X103mm3) 165.00[110.75220.75] 266.00 [196.06813.50]
AST (U/) 31.00 [24.0657.75] 29.00 [19.546.00]
ALT (U/) 29.50 [19.0656.75] 40.00[29.5-66.00]

Pseudocholinesterase (U/l)

Total Bilirubin (mg/dI)

Direct Bilirubin (mg/dl)

Albumin (g/dI)

Creatinine (mg/dl)

INR

AFP (ng/ml)

AFP clas®s(<20 / 2640 />400ng/ml)

6650.50 [5311.007472.75]
0.85 [0.591.03]

0.20 [0.140.28]

4.10 [3.884.39]

0.82 [0.730.96]

1.09 [1.031.15]

9.80 [3.63127.90]
35/10/7

0.53 [0.420.75]
0.10 [0.080.14]
4.24[4.134.43]

1.03 [0.961.09]

Categorical variables were represented by the number of patients. Continuous variables are represented as rikQigh PGR,
Ufetoprotein;ALT, Alanine transaminas@ST, Aspartate aminotransfera&M|, Body mass indext, FemaleHCC, Hepatocellular
carcinoma; INR, International normalized ratid; Male; MASLD, Metabolic dysfunctiorassociated steatotic liver disease
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3.1.2 MASLD subjects

Seventeen patients diagnosed with MASLD and with fibrosis stagelere selected for this
study from a cohort of morbidly obese individuals enrolled in a bariatric surgery program. Inclusion
criteria for the program involved adult individualgth a body mass index (BMI) exceeding 40 k§/m
(or >35 kg/nt if obesityrelated comorbidities were presgrafceptable operative risks, a lack of
response to nonsurgical treatments, and a commitment to lifelong medical surveltariosion
criteria werethe coexisterte of chronic liver disease, including suspected/confirtd€f, alcoholic
liver disease (>25 g/day alcohol consumptigositivity for HBV, HCV, andHIV, andthe use of
drugs potentiallyaffecing the liver The liver biopsy wagerformed at the time dhe surgical

procedureFresh liver tissues were collected and stated®Candprocessedvithin 1 hout

The patient grougonsisted of 9 male and 8 female patients, with a median age of 53.06 [39.00
58.00] yearsAmong the patients, 41% (7/17) showeetabolic dysfunctiorassociatedsteatotic
liver (MAFL), while 59% (10/17)had metabolic dysfunctionassociatedsteatohepatitis (MASH)
(Table 4). The histological diagnosis dfIAFL/MASH and fibrosis wasleterminedaccording to
Kleiner-Brunt criteria[124]. Laboratory results and other clinical findings were assessed based on
international criteria andredetailed inTable3 andTable4.

Table 4. Pathologicalvariables of MASLD patients.

Variables MASLD (N=17)
Steatosig(0/1/2/3) 0/0/10/6
Lobular Inflammation (0/1/2/3) 3/11/3/0

Portal Inflammation (0/1/2/3) 6/11/0/0
Ballooning (0/1/2/3) 6/9/2/0
MAFL/MASH 7/10

Fibrosis Score (FOF1/F2/F3F4) 9/0/0/6/2

Categorical variables were represented by the numbeat@nts. MAFL, Metabolic dysfunctiorassociated steatotic liveMASH,
Metabolic dysfunctiorassociated steatohepatifMASLD, Metabolic dysfunctiorassociated steatotic liver disease

The study received ethical approval from the local Ethical Committee under protocol N. 22979
(Comitato Etico Regionale Unico, FVG, SSN, Italy). Informed consent to participate in the study was
obtained from each patient or their legal representative s&itkitive data meticulously safeguarded

through anonymization.
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3.1.3 Healthy individuals

In this study, healthy liver tissues from 14 donors were included. These samples, obtained through
collaboration with partners in Rome, Italyere subjected to the exclusion criterion of the presence
of liver diseases. Posurgery, tissue samples were promptly sfiapen and stored a80°C. The
median age of the subjects is 17.50 [627575] years old.

3.2Mouse liver tissue samples

An animal model, specifically the HBWansgenic (TG) mice C57BL/6J
TG(ALB1HBV)44BRI/J [125], was employed in this study to investigate the expression of target
genes and proteins during the process of liver damage and carcinogenesis. The C57Bkypé wild
(WT) mouse was used ascontrol. TG mice showed various stages of liver damage, including
inflammation, early hepatic injury, preeoplastic lesions, early neoplasia, and advanced neoplasia at
3, 6, 9, 12and 15months of age, respectively.

Corresponding protocols and animal studies were reviewed and approved by the ethics committee
of the University of Trieste and the responsible administration of the Ministry of Health of the
Republic of Italy (D.M. 57/201-B). The mouse models were housed and maintained at the animal
facility of the University of TriesteTheresearch experimentgere conductedollowing the Guide

for the Care and Use of Laboratory Animals.

Male heterozygote TG and male WT mice were maintained until they reached specific age points.
A total of 21 TG and 21 WT mice were sacrificed at 3, 6, 9, 12, and 15 months of age. tbering
procedureat least three liver sections were harvestad cutfrom both the right and left liver lobes
of each mouse. lthe casesvhere visible nodules were present (at 12 and 15 months), HCC and non
HCC sections were collected. Tissues were stored aluragg the proceduresd preserved a80°C

for further analgis.

3.3Cell culture

Two distinct HCC cell lines were carefully selectedthis study:JHH6 (JCRB1030&ndHuh7

(JCRB0403) cefl. Both thecell lines wereobtainedfrom the Japan Health Science Research
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Resources Bank (HSRRB) in Tokyo, JapdiiH6, a mesenchymdke, undifferentiated HCC cell
line, originated from a 58earold Asian female patient. Huh7 is a hepatoblkst and well
differentiated HCC cell line derived from a-y@arold Asian male patienfThese cellgepresent
different subtypes of HCC tumordHHG6is classified undesubtype 1Transforming Growth Factor
bi WinglessRelated Integration Site S 1 / TWafy &ctivated subtype and Huh7 (JCRB0403&sw
classified as subtype 2 (Bprogenitorsubtype126].

The culture media empl oyed f or (Gibdo,&lseanoEighérl | i
Scientific, WalthamMA, USA) for JHH6 cells andhigh glucoséulbecco'smodified eaglemedium
(DMEM) (Gibco, Thermo Fisher Scientific, WalthaMA, USA) for Huh7 cellsTheculture media
were supplemented with 10% (v/v) fetal bovine serum (FBS), 1%lutamine 100X, and 1%
penicillin/streptomycin(10.000 U/mL Penicillin and 10ng/mL Streptomycin) The cells were
maintained in a humidified 5% CG@hcubator at 37C.

Routine cell expansion involved using 0.05% trypsin for detachment when the cells reached 80%
confluency. In the experimental setups, JHH6 cells were seededmtentratiorof 3,000 cells/crh

while Huh7cells wereat 6,000 cells/ciunless further specified

3.4Chemical compoundstreatments

AURKA inhibition wasconductedisingtwo ATP-competitive and reversible AURKA inhibitars
Alisertib (MLN8237, Catalog No. A10004, Adooq Bioscience, Irvine, CA, USA) andOAKLY-
3295668, CAS No. 1919888-4, ChemieTek, Indianapolis, IN, USA). Both compounds were
dissolved in 100%limethyl sulfoxide(DMSO) (SigmaAldrich, St. Louis, MO, USA)According to
thedata fromtheliterature[115,116,127]both the cell lines weré&eated withconcentrations ranging
from 0.00E Mo 1 Mor Alisertib and 0.0&4 Mo 3 0 ¢fdf AK-01 Thetreatment with the vehicle
(DMSO) servedas the negative contrddoth the cell lines were seeded as previously reported, and

24 hours later, they were exposed to the inhibition treatments for durations of 24, 48, and 72 hours.

Interferongamma (IFNo ) (202915, Genscript Biotech, Pis
induce PBL1 expression in JHH6 cellsThe compound was dissolved in nucleése HO.
According to the literaturgl28], concentrations between 25ng/ml and 300ng/ml were chddes.

vehicle (rucleasefree HO) was employed as the negative control in the treatment. The cells were
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seeded at a concentration of 8,000 cell$/and 24 hoursfter, they weresubjectedo the IFNo

treatment for durations @& and 24ours.

3.5AURKA and PD-L1 gene silencing

Genesilencing experiments were performed using small interfering RNA (SiRNA) targeting
AURKA(sIR-AURKA, Silencer Select siRNA s197, Invitrogi‘er,l Waltham, MA, USA) andPD-L1
(siR-PD-L1, Silencer Pralesigned siRNA AM16708, Thermo Fisher, Waltham, MA, USX9the
negative control, sifCTRL (Negative Control No. 2 sSiRNA, AM4613, Invitrogen Waltham, MA,
USA) was employed. All siRNAs were dissolved in nuclease HO, with a final concentration of
1nM and 20nM for siRAURKA and siRPD-L1, respectively.

siLentFecE Lipid Reagent (1708362, BioRad, Hercules, CA, USA) was used as the
transfection reagent, following the manufacturer's protocols (0.1% dilution in the culture medium).
In brief, both cell lines were seeded as previously reported, and 24 hours latedfure medium
was replaced with the respective fresh antibibée medium 1 hour before transfection. The mixture
of siLentFect Lipid Reagent and siRJRKA, siR-PD-L1, or siRCTRL was prepared in an
antibioticfree and serurdfree medium. Afte30 minutes of incubation, the resulting complexes were
added to the cultured cells. Following a-l2dur incubation, the medium was replaced with
correspondingresh complete medium. The effects of the silencing were evalae2dd 48, 72, and
144 hours possilencing. For the 14#our silencing, a second silencing process using the same

procedure was performed 72 hours after the initial one

3.6 MTT assay and LC50

Cytotoxicity experiments were conducted to determine the lethal concentration 50 (LC50) and
the working concentrationsf the studied compounds. Cell viability was assessed after 24, 48, and
72 hours of exposur® the chemical compoundsd silencing agentssing the 34,5dimethyl
thiazolyt2)-2,5 diphenyltetrazolium (MTT) assay (Sigr&rich, St.Louis, MO, USA).Each
treatment was performed in duplicate. After treatment, cells were incubated in MTT solution (0.5%
MTT in culture medium with 10% (v/v) RIisphateBuffered saline (PBS; 137 mM NaCl, 10 mM
phosphate, 2.7 mM KCI; pH 7.4)) for 1 hour. The solution was replaced with DMSO to lyse cells and
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dissolve the formazan salts resulting from cellular metabolic activity. Absorbance was evaluated at
562nm through the Spectrophotometer En$pirdultimode Plate Reader (PerkinElmer Inc,
Waltham, MA, USA). Absorbance values were normalized to the negative controls to calculate the

percentage of viable cells for each experimental condition.

3.7 Total RNA extraction from solid tissue samples and cell lines

Total RNA extraction from human and mouse samples was carried out using Tri Reagent®
(Sigmd Aldrich, St Louis, MO, USA), whil§riFasE (EMR517100, Euroclone S.P.A, Milan, Italy)
was employedor both cell lines Extraction procedures were performed following the respective

manufacturer's protocols.

Cells were harvested using cell scrapers, while tissues underwent a homogenization process.
Frozen human and mouse samplese homogenizethroughhomogenizer beads (1.4mm Ceramic
Beads Bulk, 325g with 651mg per tube, Omni International, Kennesaw, GA, USA) using Bead Ruptor
4 (Omni International, Kennesaw, GA, USA) at maximum speed for 60 seoopdierElvehjem
tissue grindersRegardless of the samples’ origfissues or cell lines) htoroform was then added to
the homogenateendRNA was precipitad byisopropanol and washedth 75% ethanolThe RNA
pellet was dissolved in nucleaBee water and stored &80°C until further analysis.

Quantification of RNA was performed at a wavelength of 260 nm using the ONDA tou@1i UV
scan UV/VIS Spectrophotometer (Vetrotecnica, Padova, IT) with a quartz cuvette MIGRQ ¢ | ,
10mm (ONDA). RNA purity was assessed according to the Mininmionmation forpublication of
guantitative Reallime polymerase chain reactio(PCR experiments (MIQE) guidelines by
measuring the AdAzsoratio[129]. The integrity of the RNA was evaluated on a standard 2% agarose
electrophoresis gel stained with GelRed (41003, Biotium, Landing Pkwy, Fremont, CA, USA), and
the bands were visualized under UV lights.

3.8 Reverse transcriptionand quantitative real-time PCR

Reverséar anscri ption (RT) was conducted to synth
the HighCapacity cDNA Reverse Transcription Kit (Applied Biosystems, Waltham, MA, USA). The
kit components included 10x RT Buffer, 25x dNTP Mix (100mM), 10x RT Random FyjiReverse
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Transcriptase, and Nucleaee HO. The RT process followed the manufacturer's protocol and was
performedn theT100 Thermal CyclefBio-Rad, Hercules, California, USAJhe RT protoco(High
Capacity) icludesannealing for 25 minutes at 25°C, synthesis for 120 minutes at 37°C, and enzyme

inactivation for 5 minutes at 85°C. The resulting cDNA was store2l0aC until further use.

The amplification of cDNAs was carried out using quantitative Heak PCR (RTgPCR).The
25¢ L riacudetdcDMANhuman samples: 25.00ng, excluding 1.00ng for 18S; mouse samples:
13.7(ng; cell lines: 6.25ng)SYBR Sso advanced 2x mastaix (Bio-Rad Laboratories, Hercules,
CA, USA), and 250nM genspecific forward and reverse priméd0nM for 18S) PCR reactions
were performed in duplicate in 9@ell plates following a protocol that included pre
incubation/activation (30 seconds, 95°C), and 50 cycles of denaturation (5 seconds, 95°C) and

annealing/extension (20 seconds, 60°C).

The melting curve analysis was conducted to assess primer/product specificity. Standard curves
for each gene were utilized to determine primer pair efficieRelative quantification was computed
using BioRad CFX maestro version 2.2 (BRad Laboratories, USAandCt values for each sample
were obtained by calculating the arithmetic mean average of the duplicates. Finally, gene expression
was evaluatebyu si ng t he Pf af f | modi fication of the &
individual genesThe results were normalized tiwe housekeeping genes8Sfor human samples
(human tissues and cell lines)hile Actin b (Actb)andGlyceraldehyde-phosphate dehydrogenase
(Gapdh for mouse sampte The initial amount of template for each sample was determined as

relative expressionompared to the expressiohthe sampleelected athereference

The primer sequences were designed using Beacon Designer 7.9 Software (PREMIER Biosoft
International, Palo Alto, CA, USA) for the detection of the target genes and are liSilolé® and
Table6.
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Table 5. Primers for detection of human genes.

Genes Accession Number Forward Primer Reverse Primer

AKT1 NM_005163.2 GATTGTGTCAGCCCTGGA ATCTTAATGTGCCCGTCC
ATP1A1 NM_000701.7 AACTTAGCCTTGATGAACTTC AATCGCTCCAATCCACAG
AURKA NM_198433 GAGAATTGTGCTACTTATACTG GGTACTAGGAAGGTTATTGC
BRAF NM_004333.6 CTTGTATCACCATCTCCATA GGCGTGTAAGTAATCCAT
C-MYC NM_002467.6 GAGGAGACATGGTGAACC ATACAGTCCTGGATGATGATG
EGFR NM_005228.5 TTGGAAATTACCTATGTG TAGTTAGATAAGACTGCTA
GSK3B NM_002093.4 ATGCTCAGTCAAACCAAATCA TCTATCAACGCCACTACCTT
HRAS NM_005343.4 CATCAACAACACCAAGTCTT GTCATCCGAGTCCTTCAC

KRAS NM_033360.4 TTGCTACGATTCCACTGA TGAATATCTGACATACACCTTAA
NFKB3 NM_021975.4 GAATGCTGTGCGGCTCTG CACGATTGTCAAAGATGGGATG
NFKBIA NM_020529.3 CGTCTTATTGTGGTAGGA CTCAGAATTTCAATGATCTTTC
PD-L1 NM_001314029.2 AAGTCCTGAGTGGTAAGA CATTAGTTGTTGTGTTGATTC
PTEN NM_000314.8 GCAGATAATGACAAGGAATA CTGGTGTTACAGAAGTTG

TPX2 NM_012112.5 GCTCAGAAGGATTTGGAACAG TGATTACAGGAGTGGCACAT
YAP1 NM_006106.5 GTGAGTAGGTTCATAATGTG ATAGAAGTAGGAGCAAGTC

18S NR_003286.2 CGTCTGCCCTATCAACTTTCG GCCTGCTGCCTTCCTTGG

AKT1, AKT Serine/Threonine Kinase ATP1A] ATPaseNa+/K+ Transporting Subunitll; AURKA Aurora Kinase ABRAF, B-Raf
Proto-Oncogene, Serine/Threonine Kina€2MYC, MYC Proto-OncogeneBHLH Transcription Factor;,EGFR EpidermalGrowth
Factor ReceptorGSK3B GlycogenSynthase Kinaseb3 HRAS HRas ProteOncogene, GPase;KRAS KRASProto-Oncogene,
GTPase; NFKB3 RELA Proto-OncogeneNF-kB Subunit;NFKBIA, NFKB Inhibitor U PD-L1, ProgrammedCell Death Ligand 1,
CD274 PTEN PhosphataseAnd Tensin Homolog;TPX2 TPX2 Microtubule Nucleation Factor;YAP] Yesl Associated
Transcriptional Regulator

Table 6. Primers for detection of mouse genes

Genes Accession Number Forward Primer Reverse Primer

Aurka NM_011497.4 AGAAGACCGAAGACACAA GCCAAGTAGACATTTCCAA
Cd274 NM_021893.3 TTGTTCCTCATTGTAGTGT TATCTTCAACGCCACATT

Myc NM_001177352.1 CACCACCAGCAGCGACTC TTGCCTCTTCTCCACAGACAC
Tpx2 NM_001141977.1 GAGACTTGAGAACTTGATT TTCCAGGATTCTAATACTCT
Actb NM_0073935 CCTTCTTGGGTATGGAATCCTGTG CAGCACTGTGTTGGCATAGAGG
Gapdh NM_008084.3 CCAGTATGACTCCACTCACG CTCGCTCCTGGAAGATGGTG

Aurka, Aurora Kinase ACd274, CD274 antigen, Programmed cell death ligan¥g¢, Myelocytomatosis oncogene; Tpx2, TPX2,

microtubuleassociated; Actb, Actib; Gapdh, Glyceraldehyda-phosphate dehydrogenase

3.9Tissue homogenization and mtein extraction

Tissue homogenization and protein extraction were conductedrnsitigle methoalogies
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Frozen HCC human samples and mouse samples underwent homogenization in Tissue
Homogenization buffer (0.25M sucrose, 9.8mM K2HPO4, 40.2mM KH2PO4, 1mM
Ethylenediaminetetraacetic acid (EDTA), and 0.1mM Dithiothreitol (DTT) in H20; pH 7.4) with
homogenizer bads and the Bead Ruptor 4 (Omni International, Kennesaw, GA 30144, USA) at
maximum speed for 1 minute. Fresh MASLD samples were homogenized in HNTG lysis buffer
(50mM HEPES, 150mM NaCl, 10% glycerol, 1% Triton180, pH 7.5) with 100 pM of
Phenylmethylsutinyl fluoride (PMSF) (P7626, Sigmadrich, St. Louis, MO, USA), a protease
inhibitor, using PotteElvehjem tissue grinders. For samples from healthy donors, proteins were
extracted from the organic phase of TRI Rea®ento | | owi ng t he manufactur
precipitation was facilitated by adding isopropanol, followed by washing with Guanidine
hydrochloride 0.3M in 95% ethanol and 100% ethanol. The retrieved protein pellet was resuspended
in 1.0% sodium dodecwulfate (SDS).

For cell lines, samples were detached using trypsin, washed twice with cold PBS, and lysed in
Cell lysis buffer 1X (#9803, Cell Signaling, Danvers, MA, USA) on ice for 5 minutes. They were
briefly sonicated (1 pulse of 15s at 10W) using a sonicator UW@&ddelinElectronics, Berlin,
Germany) to facilitate the extraction of DNA, RNA, and protein contents from the cells. Purification

was achieved by centrifugation at,Qd0 x g for 10 min at 4°C, and the supernatant was collected.

Protein quantification was performed using the Bicinchoninic acid (BCA) method, and the

samples were stored-&®0°C until further use.

3.10Westernblot analysis

Protein expression was assessed through Western blot (WB) analysis. Protein lys&t@se(59 )
were solubilized i n L amermaptoathanslutten eeated 2X05°@ fod5 1 0
minutes to facilitate denaturatiorSBamples were loaded ontthe stacking gel of al2%
polyacrylamide sodium dodecyl sulfgpelyacrylamide gel electrophoresis (SPP3GE)
Electrophoresis was initially conducted at 80V for 20 mindieeshe protein accumulation in the
stacking gefollowed by 180V for 90 minutefor the run.The samples wemnet transferred onto a
polyvinylidene difluoride (PVDF) membrane through electroblotting at 100V for 2 haing a
transfer buffer composedf 25mM Tris basgl90mM glycine and20% methanol
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PVDF membranes were incubated in blocking solutions for 1 hour using 4% milkAlbo#ain
BSA Fraction V Albumin (BSA) Fraction V (pH 7.@A1391, Panreac AppliChem ITW Reagents,
Monza, Italy)in PBSTween 0.1%T-PBS)or Tris-Buffered Saline (TBS; 20mM NaCl and 150mM)
Tween 0.1%T-TBS)to saturate nospecific binding sitesThe blocking solutiomare listedm Table
7.

Table 7. Dilutions of the antibodiesand blocking solutions used in Western Blot experiments

Targets Human Tissues Mouse Tissues Cell Lines
AURKA 4% milk in T-PBS 4% inT-PBS0.1%
(SC-398814) 1:1000(primary) 1:250 (primary)
1:2000 (antimouse) 1:500(antkrmouse)
AURKA 5% BSA in T-PBS
(AB52973) 1:1,000 (primary)
1:1,000 (antimouse)
AURKA 5% BSA in FTBS
(6675%1-1g) 1:1,000 (primary)

PD-L1/CD274
(662481-1g)

PAURKA (Thr288)
(MA5-14904)

pLATS2 (Ser83)

5% BSA in FPBS
1:2,500 (primary)
1:2,500 (antrmouse)

5% BSA in FTBS
1:300 (primary)
1:500(antirabbif

5% BSA in FPBS

1:1,000 (antimouse)

5% BSA in FPBS
1:2,500 (primary)
1:2,500 (antrmouse)

5% BSA in FPBS

(MABO0009) 1:667 (primary) 1.667 (primary)
1:1,000(anti-mouse) 1:1,000 (ant-mouse)
Actin 5% BSA in FTBS
(A2066) 1:2,000 (primary)
1:2,000 (antirabbit)
drActin 4% milk in T-PBS 4% milk in T-PBS
(A5441) 1:2,000(primary) 1:2,000(primary)

1:2,000 (antimouse)

1:2,000 (antimouse)

AURKA, Aurora Kinase A; PEL1/CD274 Programmed cell death ligand 1; pAURKA, phosphorylated AURKA; pLATS2,
phosphorylated Large tumor suppressor kinaseBS, PBSTween; FTBS, TBSTween

Membranes were incubated overnight with primary antibodies against the following proteins:
AURKA (sc-398814, Santa Cruz Biotechnology, Dallas, TX, USA; ab52973, Abcam, Waltham, MA,
USA; 667571-lg, Proteintech, Rosemont, IL, USA), pAURKA (Thr288) (MAB904
InvitrogerE , Waltham, MA, USA), PBL1/CD274 (662481-1g, Proteintech, Rosemont, IL, USA),
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pLATS2 (Ser83) ( MABOOO9 ,-ActhlpAd41Y, SigmaAldach, Bie lioyis, Ta i w
MO, USA) and Actin (A2066, SigmaAldrich) served as housekeeping proteins. Secondary
antibodies included anthouse IgG HRP (p0260, Dako A/S, Glostrup, Denmark)aantierabbit IgG

HRP (p0448, Dako A/S, Glostrup, Denmark), depending on the primary antibody. Primary and

secondary antibody dilutions are detailed able?.

Membranes were exposed bmmobilon Classico westerrHRP substrate (WBLUCMerck
Millipore, Burlington, MA, USA) for 1-5 minutesto obtain a peroxidase reaction. The blots were
visualized using a Digit blot scanner anthe densitometry analyses were performesihg Image
StudicE Verson 5.2 Acquisition software (-COR BiosciencesLincoln, NE, USA. Protein
relative quantificatioswerecomputedusingb-Actin or Actin as housekeeping proteins

3.11The immunohistochemtal assay

The expression and distribution of AURKA, RO, and Ki67 (a cell proliferation marker)
proteins were examined in paraf@mbedded sections fron2 $ubjects, includin@ HCC patients,
2 MASLD individuals, and 2 subjectgith a healthy liver For HCC patients, both HCC and paired

non-HCC tissues were stained

The immunohistochential assayfor AURKA involved the following steps. Tissues were
deparaffinized by incubating in xylene and hydrated with decreasing concentrations of ethanol.
Antigen retrieval wagxecutedusing Sodium Citrate Buffer (10mM Sodium Citrate, 0.05% Tween
20, pH 6.0)and endogenous peroxidase was inhibited using 3% hydrogen pefidyedsaining was
performed using the VECTASTAIN® Universal Quick HRP Kit (BB00, Vector Laboratories,
Newark, CA, USA) and InmPACT® DAB Substrate K8K-4105 Vector Laboratories, Newark,
CA, USA), f ol | owi praocots Bliees wegenneubated tn blocking satution (5%
horse serum in PBS) for 1 hour to saturate-specific binding sites, and then overnighAldRKA
primary antibogt (s¢398814, Santa Cruz Biotechnology, Dallas, TX, US#uted in blocking
solution (1:500).The Biotinylated PaiSpecific Universal Antibody functioned as a secondary
antibody, followed byincubation with the Streptavidin/Peroxidase complex and its sensitive
colorimetric DAB substrate, resulting in the generation of a brown product in the presence of the
protein of interest.Counterstaining with hematoxylin facilitated the detection of nuclei, and

dehydration waperformedoby washing in increasing concentrations of ethanol and xylene.
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The staining oPD-L1 (Clone SP263YENTANA, Roche Diagnostics, Basel, Switzerland) and
Ki67 (Clone 309, VENTANA, Roche Diagnostics, Basel, Switzerlandas performed byan
automated system at ASUGI.

The stained section images were collected uaimgutomated slide scann@-Sight FLUO
(Combo) A. Menarini Diagnostics, Firenze, Italghd analyzed by an expert anatompathologist
from ASUGI.

3.12Flow cytometry assay

The chromatin content was estimatadoth cell linesthroughflow cytometry analysisusing
the following procedureCells were detached by trypsimashedwith PBS resuspended in 0.5ml of
PBS, and fixed in 4.5ml of 70% ethanol @chieve a singleell suspensianThe samples were
preserved at20°C for later useJpon usage, the cells were pelletettiresuspended in a Propidium
lodide (PI)/TritonX100 staining solution for 30 minutes to stain DNA. The staining solution
consisted of TritonXL00 0.1% v/v in PBS, 0.2mg/mL of RNAse A (6513, SigAidrich, St. Louis,
MO), and 0.02mg/mL of Pl (P4864, Sigmé&drich, St. Louis, MO), a fluorescent intercalating agent.
As a negative control, cells resuspended in Tritd@Q 0.1% v/v in PBS ithout Pl were used.

Flow cytometric analysis was immediat@grformedthroughthe Flow Cytometer BD Accui
C6 Plus (BD Biosciences, Franklin Lakes, New Jersey, USA), considering at least 10,000 events for
each sample. Data were analyzed with FldwJb0.8.1 version (FlowJe Software, Ashland, OR,
USA), utilizing different gates to distinguish the percentage of cells with specific chromosome
content: Diploid cells (2n), tetraploid cells (4n), aneuploid cells with more than 4 sets of

chromosome$>4n).

3.13Immunofluorescenceassay

The organization of chromatin and Tubdlh pr ot ei n, al ong Paricentin t he
(PCNT) protein (a centrosome marker), was evaluated in the cell lines thramgh

immunofluorescence (Igssay

33



Chapter 3 Materiak and methods

The cells were fixed and permeabilizgith Paraformaldehyde (PFA) 3% in PBS for 20 minutes.
They were incubated in a blocking solution for 90 minutes to saturatepsmific binding sites and
favorthe complete permeabilization of cell membranes. The blocking solution consisted of Albumin
(BSA) Fraction V (pH 7.0) (A139, PanReac AppliChem, Monza, Italy) at 1% v/v in PBS, Triton X
100 0.3% (X100, Sigmaldrich, St. Louis, Missouri, USA), and Normabagt serum (NGS) 5%
(G9023, St. Louis, MOJThe fixedcelk wer e i ncubated with the prir
(sc32293, Santa Cruz Biotechnology, Dallas, TX, USA) and the corresponding secondary antibody,
antimouse greeffluorescent dye, AlexaFlu@88 (A21202, Invitrogel , Waltham, Massachusetts,
USA), for 1 houreach. This procedure was then repeated for PCNT {(€8BL7627LA01HU,
Cusabio, Houston, TX, USA), followed by amdibbit orangdluorescent dye, AlexaFluor 546
(A11035, Invitrogek , Waltham, Massachusetts, USA). All the antibodies were diluted in the

blocking solutionandthe concentratianare listedn Table8.

Table 8. The antibody dilutions and blocking solutionused inthe immunofluorescenceexperiments.

Targets Dilutions
Tubulin 6 1% BSA 0.3% Triton X100, and 5% NGS in PBS
(SC-32293) 1:100 (primary)
1:1000 AlexaFluor488)
PCNT 1% BSA 0.3% Triton X100, and 5% NGS in PBS
(CSB-PA017627LA01HU) | 1:500 (primary)
1:1000 AlexaFluor546)

PCNT, Pericentrin.

Finally, the samples wemunterstainedith Hoechst 33258 nucleic acid st##3569 Thermo
Fisher Scientific, WalthainMA, USA) for 10 minutes at room temperature, protected from direct
light. Using Fluorescent Mounting Media (JA1750, Calbiochem, Germany), coverslipsaenéed
onto glass slides. The samples were analyzed under a Fluorescence Microscope (Leica DM2000,
Germany), and images were captured using LASoKware(Leica Application Suite X software,

Leica,Germany).

3.14Gene reporter assay

A gene reporter assay was conducted in JHH6 tellsvestigate the influence of AURKA on

PD-L1 transcription
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Cells were transfectegiinimum 24 hours beforéhe assayyvith pGL3-Basic PDL1 promoter
(-1000~+200) (PVTB00382a, Lifescience Market, Hong Kong, Chin&)gure6) and pRLCMV
Renilla luciferase at a ratio of B9 achieving a final concentration of 170ng/Miansfection was
performedusing TransFecti Lipid Reagent (1703350, BiRad, Hercules, CA, USA) diluted to
0.6% in an antibioticsfree culture medium, following the manufacturgpi®tocol The culture
medium was replaced with the respective fresh antibicgie medium 1 hour before the transfection
The mixture of TransFectih Lipid Reagent and plasmids was prepared in an antifietic and
serumfree medium, and after 30 minutes of incubation, the cexesl were added to the cells. The

mediumcontaining the complexesas replaced with fresh complete medium 24 hours later.

pGL3-Basic-PD-L1
promoter

Figure 6. The construction scheme of the luciferase reporter vector plasmid containing tip&sL3-
Basic PDL1. The luciferase reporter vector includes the promoter sequence (spanning from nuel
1,000to®200 f |l anked by two cloning sites, Kpnl a
sequence is positioned downstream of theLRpromoter. The backbone size without the insert is 4
base pas (bp). Kpnl serves as a cloning site for the Typeestriction enzyme KpnlKlebsiella
pneumoniag and Xhol functions as the cloning site for the Hipeestriction enzyme Xhol{anthomonas
vasicolg.

The gene reporter assay utilized the Buatiferase Reporter Gene Assay Kit (KA3784, Abnova,
Taipei, Tai wan) following the manufactureros
measurement of the activity of two different luciferases, firefly (F&hd Renilla (RL), in a single
sample. The procedure involved washing cells with PBS and lysing thenbygih Buffer for 15
minutes. A total of 12.5uL of cell lysate was dispensed in av@&# plate. FFL reagent (2mg/ml
FFL in Assay Buffer, 25uL) wasdaled to the lysate, and the FFL luciferase luminescence was
measured at 560 nm usifigeEnSpire Multimode Plate Read®erkinElmer Waltham, MA, USA)
Subsequently, RL reagent (35 mg/ml RL in Assay Buffer, 25uL) was added to the same well,
guenching the FFL luciferase luminescence and initiating the RL luciferase reaction. The RL
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luminescence was measured at 480 nm using the same plate TéadRelative Light Unit (RLU)

was calculated using thellowing formula:

RLU =FFL Luminescence RL Luminescence

3.150nline databases and bioinformatic tools

The GEPIAdatabaséhttp://gepia.cancepku.cn/) was employed to investigate gene expression
and correlation in both disease patients (utilizing data from TCGA) and healthy samples (utilizing
data from both TCGA and Genotyfissueexpression (GTEX)). GEPIA facilitas¢he exploration of
the gene expressiahanges based on the disease stage and psonfdemation on OS an®FS
according to gene expressidine Human Protein Atlas (THPAttps://www.proteinatlas.orgyas

employed tacollectimages oimmunohistochemicaections fronHCC tissues

The DepMap portal (https://depmap.org/portedih assespene expression mumerougell lines
(Expression Public 23Q4and providesvaluable insights into the dependency of a cell line on a
specific gene using RNA interfience (RNAi)andClusteredegularlyinterspacedhort palindromic
repeat{ CRISPR-Cas9knockdown

3.16 Statistical analysis

Statistical analyses were conducted using GraphPad Prism Software version 9.2.0 (GraphPad
Software, San Diego, CANdNCSS 11 Statistical Software (2016) (NCSS, LLC, Kaysville, UT,
USA). Initially, the normal distribution of the data was assessed. The significance level was set at
0.05 (* p<0.05, ** p<0.01, *** p <0.001).

For the patients' data, which exhibited a R@aussian distribution, results were presented as
median [IQRIIIQR]. The differences in mMRNA and protein expression between hamdmouse
groups were analyzed as follov&atistical significance was calculateahployingWilcoxon signed
rank tests to examine thligsparitiesbetween HCC and paired ndfCC tissues in both human and
mouse sample&ruskatWallis tests to assetise differenceamong multiple groups of samplesd
MannWhitney U for nonpaired tssues in humans (HC®ASLD, and healthysample} and mice

(TG micevs.WT mice or group$rom different time points
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The potential impact of clinad and pathological variables on gene expression was assessed
through regression analysis. Correlasavere calculatedsingSpearman'’s rank correlation tédte
statistical significance of thaifferences betweerategorical variables each groupvascalculated
usi ng Fi s h ©$%dndDF&analysed reldted t® & single gene were conducted using the log
rank MantelCox test. Survival analyses related to the combinations of multiple genes were assessed
by Cox proportionahazards regression analysiie eceiver operating characteristic (ROC) curve
wasused to assess the overall diagnostic performanaeafiable

For in vitro analyses each experiment was conducted in a minimum of three independent
replicates. The results were presented as mean + standard de@&t)@ince the data exhibited a
Gaussian distribution. Unpaireddsts were employed to asséiss statistical significance of the
differences in mRNA, protein, and chromatin content between two sample groups (treament

vehicle)
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4.11In silico evaluation of AURKA expression

Freely accessible data repositories are valuable sources of information and offer beneficial
support for research. Among all, GEPI& a ®mprehensive platform offering extensive gene
expression data, enabling diverse comparisons and analyses.

By analyzing HCC datdom GEPIA,a markedAURKAMRNA overexpression was observed in
tumors, compared to normal tissesedian: 7.355FPMvs 0. 9 9 T P,Mith afiold Char@je 0 5)
(FC) of 7.42Figure7.A). A deeper exploratiorevealed @rogressivencreasen AURKAexpression
from stage | to stage lll, followed by a decrease in stage IV (F value = 3.58, p =(Figi4¢7.B).

The impact of elevated AURKA levels in tumors extended to clinical outcoreesaling an
association betwedngh levels ofAURKAexpressionn tumorsanda shorter OS rate 0.001) or
heightened likelihood of early recurrer{pe= 0.001) (Figure7.C-D). Moreover, he database revealed
a positivecorrelation betweeAURKAand PD-L1 expressiorin bothHCC (Spearman r = 0.18, p
<0.001) and normdiver tissues (Spearman r = 0.39, p <0.00Hyyre7.E-F).
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Figure 7. The expression of AURKA in HCC according to the GEPIA database
(http://gepia.cancerpku.cn/). (A-B) AURKAMRNA expressior{A) in HCC (h=369)vs.normalLIVER
tissues (n=160) and (B) in the different stages oflteease. (C) Oand (D)DFS wrves based oAURKA
expressiorievel in HCC patients. () Correlation betweeAURKAandPD-L1 in (E) HCC tissues anc
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4.2 The cellular and molecular alterations deermined by in vitro AURKA

inhibition or knockdown

4.2.1 AURKAexpression in human cell lines

AURKA MRNA expression is prominertcross various human cell lines, as evidenced by the
Expression Public 23Q4 dataset from DepMap Portal. Over 400 cell lines edlekjiressiolevels
ranging from 72.52 to 110.42 TPNhcluding JHH6 (81.71 TPM) and Huh®6.68 TPM)cells
(Figure8.A). The examination through gqRFCR unveiled comparablB®URKAMRNA expression
levels in JHH6 and Huh7 cells (Ct: 24.18+0v4024.15+0.20, p = 0.93@Jigure8.B).
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Figure 8. The expression oAURKA in JHH6 and Huh7 celllines. (A) AURKAexpression in huma
cell lines according to the Expression Public 23Q4 datamatDepMap Portalhttps://depmap.org/portal/
(B) AURKAexpression in JHH6 and Hulby qRT-PCRexpressed in Oin=4). Statistical analysesere
calculated using the u d e 4test.8ls not significant(C-D) Dependency of the human cell lines on
expression ofAURKA using (C) RNAI database and (D) CRISPas9 database from DepMap Po
(https://[depmap.org/portdl/
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However, the dependency of these two cell lines on the AURKA gene varied, as indicated by data
from the DepMap portal. In this context, a score of O implies aassential gene for cell growth,
while a score nearl signifies essentiality. According to RN databases (Achilles, DRIVE,
Marcotte, and DEMETER?2), both JHH60(208) and Huh7-0.460) demonstrated a moderate
dependency oAURKAMRNA expression, albeit to different exteEgure 8.C). These findings
were further strengthened by querying databae#sctingresults from CRISPRCas9 experiments
(22Q4+Score, ChronaosThe database analysis revealed the essential réd@BKA in both cell
lines, with more pronounced effects on JHH6 (ssof&.230 and-0.663 for JHH6 and Huh7,
respectively)Figure8.D).

4.2.2 Determining the optimal working concentration for the in vitro experiments

AURKA inhibition was performed using two ATF&ompetitive and reversible AURKA
inhibitors: Alisertib and AKOL. Wes el ected concentrations rangi.l
Alisertib andfrom0 . 01 ¢ M t o 3Dte ekt delbviability Kfter 72 hours of treatmenie
MTT assay was employed to determine the optimal -desponse curve models for cell survjval
consisting of he rational model for Alisertib and the Weibull model for QK in JHH6 cellsand
the modified Hoerl model and the Hoerl model inhH cells(Figure9.A-D). Based on these modegls

LC50values were calculated for each compcael line combinatior{Table9).
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Figure 9. The effect of AURKA inhibition or knockdown on cell viability. (A-B) Doseresponse
curves of JHHG6 cells treated with (A) alisertib and A&)-01 for 72h (n=3). (€D) Doseresponse curve
of Huh7 cells treated with (C) alisertib and (D) AX for 72h(n=3). (EF) Relative (E) JHH6 and (F) Huh
cell viability assessed at 72h pdstatmentswith 0.25uM of alisertib, 1.00uM of AKD1, and 1nM of
SiR-AURKA. Statisticabkignificancevasc al cul at e d u stestrajtive to BMSO fouAdJBKA
inhibition (* p <0.05, ** p <0.01, *** p <0.001) and to siRTRL for AURKA knockdown (# p <0.05, #
p <0.01, ### p <0.001).
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Taking into accourtheexisting literature, the LC50 values derived from our cellular models, and
the documented decrease in target specificitglisértib and AkO1 at concentrations higher than
0.25uM and 1.00uM, respectively, we selected 0.25uM for Alisertib and 1.00uM fe@ AKs the
optimal working concentration§lable 9). It is necessary to mentiahat 1.00uM represents the
highest concentrationf AK-01 specifically inhibiting the enzymatic activity of AURKA without
affecting AURKB activity[115].

Table 9. LC50 and working concentrations of treatment with alisertib and AK-01 for 72 hours in
JHH6 and Huh7 cells.

AURKA inhibitors JHHS6 cells Huh7 cells ~ Working concentrations

Alisertib 1.05uM 0.0auM 0.25uM
AK-01 1.3uM 0.0uM 1.0uM

The working concentration for slRURKA was determined to be 1.00nM. This choice was
supported by consistent findings across all tested concentrations (1.00nM, 5.00nM, and 20.00nM),

revealing a comparable decreas@&WRKAMRNA expression 72 hours pesansfection

4.2.3 Thereductionin cell viability followingAURKA inhibition @ knockdown

Thetwo AURKA inhibitors determineda gradual decline in the viability of both cell lines, with
a more substantial impact observed in H{h&ble 10 and Figure 9.D-E). AK-01 demonstrated a
greater reduction in celiability compared to alisertib in both JHH6 and Huh7 cell lifiesble 10).

Table 10. Cell viability following treatments with AURKA inhibitors in JHH6 and Huh7 cells.

Treatment Alisertib in  P-value Alisertib in  P-value AK-01 in P-value AK-01in P-value
Times JHHG6 cells Huh7 cells JHHG6 cells Huh7 cells

24 hours 91.02+3.81 0.015 78.75+1.87 <0.001 87.21+3.95 0.005 82.85+5.46 0.006
48 hours 73.15+5.29 <0.001 58.54+9.22 0.002 72.79+0.78 <0.001 50.34+4.06 <0.001
72 hours 63.83+3.19 <0.001 44.45+4.37 <0.001 57.45+4.00 <0.001 34.11+0.93 <0.001

Conversely, AURKA knockdowrexerted a more pronounced effect on JHH6 cell viability,

reaching its maximum impact at 72 hours poahsfection(Table11 andFigure9).
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Table 11. Cell viability following AURKA silencing in JHH6 and Huh7 cells.

Treatment JHHG cells P-value Huh7 cells P-value
Times

24 hours 97.3%+6.01 0.420 101.933.26 0.230

48 hours 74.20+1.82 <0.001 86.86+4.94 <0.001
72 hours ‘ 56.60+7.18 <0.001 71.18+4.83 <0.001

4.2.4 The effects of AURKA inhibition and knockdown on AURKA expression and

activity

The efficacy of the treatments was verified dgsessindgpoth AURKA expression and kinase
activity, usingLATS2 phosphorylation (Ser83) as the markertfier enzymati@activity of AURKA,
as evidenced by various stud{@$,164,165] Additionally, changes imTPX2mRNA expression, a
known coeactivator/interactor of AURKA, were examined.

In JHH6 cells, both alisertib and ABL resulted in an increase AURKAMRNA expression at
24 hours (2.12+0.48, p = 0.005; 2.92+1.59, p = 0.052), 48 hours (1.80+£0.55, p = 0.028; 5.10+1.27, p
<0.001), and 72 hours (1.64+0.30, p = 0.005; 5.59+1.90, p = 0(GYre 10.A). Conversely,
AURKA knockdown significantly decreased AURKA mRNA expression at all three selected time
points (0.14+0.02, p <0.001; 0.16+0.04, p <0.001; 0.29+0.07, p <QBigLre10.A).

The protein expression was assessed at 72h and 144 hours after the silencing tréa@ment.
selection of these time points aligns with the estimatedlifalbf someAURKA targets(i.e. PD
L1), ensuring a comprehensive evaluation of the treatment effects over a dooatesponohg to
the stability and dynamics of these relevAntRKA interactors Consistently with the previous
results, oth alisertib and AKD1 increased AURKA protein expression at 72 hours (3.48+0.84, p =
0.001; 4.50£1.76, p = 0.007),mie AURKA knockdown decreased AURKA protein expression at
72 hours (0.00£0.01, p <0.001) and 144 hours (0.00+0.01, p <@RQ@ye10.C and E)A moderate
reduction in LATS2 phosphorylation (Ser83) was observed after AURKA silencing at both time
points,with significant resultat 72 hours (0.69+0.18, p = 0.046)gure10.D-E). In contrast, kinase
activity inhibition led to a pronounced reduction in LATS2 phosphorylation (Alisertib: 0.52+0.21, p
<0.001; AK-01: 0.41+0.12, p <0.001Figure10.D-E).

RegardingTPX2 mRNA expression, both A1 and $R-AURKA treatments increaseiis
expression at 48 hours (3.32+1.34, p = 0.013; 1.42+0.14, p = 0.001) and 72 hours (5.11+2.23, p =
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0.012; 1.88+0.32, p = 0.002), whereas alisertib showed an increase only at 24 hours (2.91+1.70, p =
0.066)(Figure10.B).
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Figure 10. The effects of AURKA inhibition or knockdown on AURKA and TPX2 expression and
AURKA activity in JHH6 cells. (A-B) Relative (A)AURKAand (B)TPX2mRNA expression at 2448h,
and 72h post inhibition or knockdown (n=5).-0J Relative expression of (C) AURKA protein and (
phospheLATS2 (Ser83) at 72h post inhibition &nockdown and 144h post knockdown (n=4).
Representative proteinbtod f L ATS2 ( Ser 83) p h o s pAbtio pogt inkilditioncor,
knockdown. Statisticadignificancewasc al cul at ed u stestrgativie to ®MSIOtfan AURIKA
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inhibition (* p <0.05, ** p <0.01, *** p <0.001)and siRCTRL for AURKA knockdown.(# p <0.05, ## |
<0.01, ### p <0.001)

In Huh?7 cells, the treatment withisertib and AURKA knockdown resulted in decreagéiRKA
(0.86+0.05, p = 0.010; 0.10+0.01, p <0.001) &X2(0.92+0.03, p = 0.015; 0.62+0.02, p <0.001)
MRNA expression at 72 hourBigure11.A-B). In contrast, both inhibitor;xducedan elevation in
AURKA protein expression (alisertib: 1.37£0.49, p = 0.259;-8K 2.02+0.24, p = 0.002) and a
reduction in LATS2 phosphorylation (Ser83) (0.82+0.29, p = 0.344; 0.82+0.10, p = 0.032), with
statistically significant results observed solelythe case of AKO1 treatmenté¢Figure11.C-E).

AURKA knockdown decreased AURKA protein expression and LATS2 phosphorylation (Ser83)
at both 72 hoursAURKA: 0.03+0.05, p <0.00IpLATS2 (Ser83)0.70+0.23, p = 0.090) and 144
hours (0.01+£0.00, p <0.001; 0.84+0.03, p = 0.q6R)ure11.C-E).
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4.2.5 AURKA inhibition or knockdown promotes incorrect chromosome segregation
and aneuploidy

AURKA plays a crucial role in G2/M transition, spindle assembly, and centrosome
maturation, prompting an investigation into mitotic spindle assembly and cell mitosis defects
following AURKA inhibition and knockdownBoth AURKA inhibition and knockdown led to an

increase in the percentage of cells in the G2/M phase and chromatin accumulation.

Table 12. Cell ploidy after AURKA inhibition or knockdown in JHH6 cells.

Sets of DMSO Alisertib AK-01 SiR-CTRL SiR-AURKA
chromosome!

2n ‘ 50.70+4.16 17.97+1.35 24.50+0.20 44.37+1.94 25.63+2.50

4n ‘ 23.73+0.38 47.73+2.54 54.27+0.71 32.17+1.19 48.87+3.41

>4n ‘ 3.10+0.48 27.20+1.65 14.53+1.36 5.49+0.18 16.00+1.40

Datawerereported asell percentagenieantSD). 2n: Diploid cells; 4nTetraploid cells; >4n: Aneuploid cells with more than 4 sets
of chromosomes

In JHH6 cells,dlisertib and AKkO1, by blocking the AURKA kinase activitymarkedly
increased the percentage of tetraploid délidhp <0.001) and aneuploid cells with mdhan 4 sets
of chromosomedpthp <0.001) compared the controlFigurel2 A andTable12). Similar effects
were obtained followig AURKA knockdown (p = 0.001; p <0.00{figure12.A andTablel2). The
increase in aneuploid cellseatedwith alisertib, AK-01, andsiR-AURKA was 48% (4n+>4:
24%+24%), 42% (31%+11%), and 28% (17%+11%), respectively.

Table 13. Cell ploidy after AURKA inhibition or knockdown in Huh7 cells.

Sets of DMSO Alisertib AK-01 SiR-CTRL SiR-AURKA
chromosome!

2n ‘ 50.70+4.16 17.97+1.35 21.13+3.30 44.10+4.33 27.40+5.05

4n 22.03+0.57 34.60+1.56 39.03+0.83 20.73+1.27 29.37+2.61

>4n 11.00+2.30 22.53+4.11 17.43+3.43 10.46+0.91 20.27+3.56

Data were reported as cell percentagea®8D). 2n: Diploid cells; 4nTetraploid cells; >4n: Aneuploid cells with more than 4 sets
of chromosomes

In Huh7 cells, Alisertib and AK)1 significantly increased the percentage of tetraploid cells

(both p <0.001) and aneuploid cells with more than 4 sets of chromosomes (p = 0.013; p = 0.054)
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compared to the contr@fFigure12.B andTable13). AURKA knockdown led to a modesignificant
increasecompared to the contr@b = 0.007;p = 0.010)Figure12.B andTable13). The increase in
aneuploid cells withdisertib, AK-01, andsiR-AURKA was 26% (4n+>4: 14%+12%), 23%
(17%+6%), and 19% (9%+10%), respectively.

JHHG6 cells showed a higher percentage of aneuploid cells compared to Huh7 in response to
all treatments, and AURKA inhibition induced a greater increase in aneuploid cells compared to
AURKA knockdown in both cell line§Figurel12.A-B).

A JHHG6 cells lé_"_]|74"_1|§*el

& M / \

&
\&"z Ad

é\qgv‘ 0.1M 0.4M P(I)JM 1.0M

Figure 12. The effects of AURKA inhibition or knockdown on cell chromatin content. (A-B) The
percentages of 2n, 4n, and >4n cells at 72h post inhibition or knockdown in (A) JHH6 and (B) Hu
(n=3). Statisticalsignificancewasc al cul at ed u s itestgelativehte DMSO dod AURKA
inhibition (* p <0.05, ** p <0.01, ** p <0.001) and siRTRL for AURKA knockdown. (# p <0.05, ##
<0.01, ### p <0.001)n: Diploid cells; 4n: Tetraploid cells; >4n: Aneuploid cells with more than 4 sets of chromosom
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An immunofluorescent assay further confirmed changes in cell ploidy and alterations in cell
mitosis following AURKA inhibition and knockdown. All treatments resulted in an increased number

of cells withmultiple nuclei compared to the contrdBigure13.A).

A Hoechst Tubulin a Merge

D’\

B Hoechst Tubulin a  Pericentrin Merge

-

Figure 13. The effects of AURKA inhibition or knockdown on cell ploidy and chromatin
organization. (A) Cell ploidy at 72h post inhibition or knockdown in Huh7 cell line. @j)romatin ano
centrosome organization during chromosome segregatigi2h post inhibition or knockdown in JHH
cell s. Bl ue: Hoechst 33258 Green: Tubul in
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Analysis of chromosome segregation during mitosis revealed that control cells exhibited well
organized DNA with a visible metaphase plate in dividing cells, microtubule spindle formation by
tubulin U, and correct | oc adtthezveotoppasite sides. APREN T ( :
inhibition or knockdown disrupted DNA organization and showed numerous PCNT spots, indicating
the presence of multiple unorganized centroso(fégure 13.B). These findings underscore the
crucial role of AURKA in mitotic processes and the impact of its modulation on cell cycle dynamics
and mitotic fidelity

4.2.6 Themultiple effects of AURKA inhibitionr knockdown on PEL.1 regulation

The contribution of AURKA to immune checkpoint regulation and cancer immune surveillance
remainsunclear due to cdlicting evidence. This hypothesized mechanism is yet to be explored in
HCC. Consequently, we undertook a thorough examination to comprehensively assess the effects of

AURKA inhibition or knockdown on PEL1 expression and regulation.

PD-L1 mRNA expression is generally low in human cell lines, with Huh7 cells exhibiting a lower
expression (0.20 TPM) compared to JHH6 cells (18.84 TPM), which represents the lsgbast
expression in HC@lerived cell lines after SNU423 cells (21.63 TPW)gure 14.A). gRT-PCR
confirmed the higher abundanceRiD-L1 mRNA expression in JHH6 compared to Huh7 cells (Ct:
27.98+0.21vs.34.15+0.49, p <0.00 Figure14.B).

In JHH6 cells, bothdisertib and AKO1l increased”D-L1 mRNA expression at 24 hours
(2.41£1.09, p = 0.041; 1.92+0.48, p = 0.036)gure 14.C). AK-01 treatment demonstrated a
sustained elevation iRD-L1 mRNA expression at 48 hours (2.13+0.65, p = 0.014) and 72 hours
(5.70+3.61, p = 0.087), although the latter was not statistically signifieantre14.C). Conversely,
AURKA knockdown initially led to a decreas@&D-L1 mRNA expression at 24 hours (0.76x£0.12, p
= 0.002), transitioning into increased expression after 72 hours of treatment (1.71+0.50, p = 0.030)
(Figurel4.C). In Huh7 cells, AURKA inhibitiorresulted in an increase BD-L1 mRNA expression
at 72 hours (Alisertib: 1.34+0.12, p = 0.008; AK: 1.44+0.26, p = 0.044Figure 14.D), while
knockdownin a reduction(0.80£0.04, p <0.001(Figurel14.D).
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Figure 14. The regulation of PD-L1 mRNA expression following AURKA inhibition or
knockdown. (A) PD-L1 expression in human cell lines according to the Expression Public 23Q4 ¢
from DepMap Portal (https://depmap.org/portal/). E)-L1 expression in JHH6 and Huleélls (n=4).
Statisticalsignificance wascalculatedby using thest u d e #iest.6*s" p ®€0.001 (C) Relative PD-L1
MRNA expressiorat 24h,48h, and 72lpost inhibition or knockdowim JHH6 cells(n=4). (D) Relative
PD-L1 mRNA expressiorat 72hpost inhibition or knockdown in Huh7 cells=3). Statisticalsignificance
wascalculatedby usingt h e s t -ted relative@oDMEO for AURKA inhibition (* p <0.05, ** p <0.0
*** 1 <0.001) andto siR-CTRL for AURKA knockdown (# p <0.05, ## p <0.01, ### p <0.001).

When analying the protein expression a distinct effect resulted from the different treatments,
possibly indicating multiple roles of AURKA in RD1 regulation.PD-L1 protein expression
exhibitedmultiple bands iWB analysis, with lower bands representing the unglycosylated immature
form and upper bands indicating glycosylated mature forms e EQvhich are more stable and
with membranelocalization [130,131] AK-01 treatment notably decreased the expression of
glycosylated PEL1 in both JHH6 (0.68+0.07, p <0.001) and Huh7 (0.53+0.14, p = 0.005) cells
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(Figurel15.A, B, E, and F)AURKA knockdown for 144 hours led to a reduction of unglycosylated
nonmature PBL1 forms in both JHH6 (0.49+0.28, p = 0.040) and Huh7 (0.77£0.06, p = 0.030), and
the glycosylated mature fosm JHH6 (0.40£0.21, p = 0.008Figure15.A-F).
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Figure 15. The effects of AURKA inhibition or knockdown on PD-L1 protein expression.(A-B)
Relative expression ahature PBL1, upper bandsat 72h post inhibition or knockdowmand 144hpost
knockdownin (A) JHH6 cells (n=4) and (B) Huh7 cells (n=8}-D) Relative expression ainglycosylated
PD-L1, lower bandsat 72h post inhibition or knockdowmand 144hpost knockdowrn (C) JHHG6 cells
(n=4) and (D) Huh7 cells (n=3). {E) Representative protein béaif PD-L1 a n dActim post inhibition or
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knockdownin (E) JHH6 cells and (F) Huh7 celStatisticalsignificancewas al cul at ed u ¢
t-test relative to DMSO for AURKA inhibition (* p <0.05, ** p <0.01, ** p <0.001) atocksiR-CTRL for
AURKA knockdown. (# p <0.05, ## p <0.01, ### p <0.001).

To assess the impact ®D-L1 mRNA expression, IFMN a recogni zZgaasi ndu
employedPD-L1 showed a concentratiadtependent expression at 6 hours (25ng/ml: 1.89+0.39, p =
0.020; 50ng/ml: 2.26+£0.36, p = 0.040; 150ng/ml: 2.58+0.27, p <0.001; 300ng/ml: 3.12+1.14, p =
0.030) (Figure 16.A). At 24 hours, a higher and more consistentlPDexpression was observed
(25ng/ml: 2.97+£0.69, p = 0.008; 50ng/ml: 3.15+0.35, p <0.001; 100ng/ml: 3.23+£0.94, p = 0.010;
150ng/ml: 3.28+0.67, p <0.001; 300ng/ml: 3.66+0.48, p <0.@Bure 16.A). Based on these
results, the 25ng/ml concentration was selected for subsequent experiments. Notably, the treatments

with IFN-0  d i idduca any significant changes AMURKAexpressior{Figure16.B)

A PD-L1 B AURKA
< 57 . o mvende 207 = Vehice
24 ™ IFN-y g 1.5- IFN-y
g 3- .- = 25ng/ml g 3 25ng/ml
< . = song/ml g 10 =3 50ng/mil
Z 2] B 100ng/ml 2 B 100ng/mi
E 1+ Em 150ng/mi f 0.5 mm 150ng/ml
2 mm 300ngiml & == 300ng/mi
0- 0.0-
6h 24h 6h 24h
C 40~ PD-L1 promoter activation D . PD-L1 promoter activation
Untreated 4 mm Untreated
DMSO 2 mm siR-CTRL
AK-01 3 B siR-AURKA
o 2|
1_
o_
-IFN-y +FN-y
Figure 16. The effects of AURKA inhibition or knockdown on PD-L1 promoter activation. (A-B)
Relative (A)PD-L1 and (B) AURKAMRNA expression at 6h (n=2) and 24h (n=3) gosatment with
different concentrations of IFIN i n J H$t6a tcied tl isc a | anal yses we-r
test. * p <0.05, ** p <0.01, *** p <0.00{C-D) Luciferase reporter assay fBD-L1 promoter at (C) 48l
posttreatment with AKO1 (n=1) or (D) 24h podreatment with SIRAURKA (n=1) in JHH6 cells.

To gain insights into the mechanism ofRDregulation by AURKAapreliminary gene reporter
assaywas performegdin which the luciferase geneascloned downstrearaf the PD-L1 promoter

(Figure6). Concordantlywith themRNA expression data, A1 increased the activation of th®-
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L1 promoter measured by RLU (25.41) compared to controls (DMSO: 6.79; untreatgafte008

hours of treatmdnFigure16.C). The addition of IFNo  f u r t h e r-Llgiloraotenactwation P D

in all tested conditions (AK1: 28.93; DMSO: 20.82; untreated: 15.@B)gure 16.C). AURKA
knockdown for 24 hourslid not affectthe PD-L1 promoter activation (siiAURKA: 1.13; siR

CTRL: 1.61; untreated: 1.0Qfrigurel6.D). However,underlFdd st i mul ati on, AURK
inhibited the PD-L1 promoter activation (1.53) compared to controls {68IRRL: 2.04; untreated:

4.36) (Figure 16.D). Despite the preliminary nature of these findings, they align with the observed
results for PBL1 mRNA regulation, potentially highlighting distinct cellular mechanisms influenced

by inhibitorsor siRNAs targeting AURKA.

4.2.7 PD-L1 knockdowrnnfluencesAURKAexpression

A research group at the Italian Liver Foundation revealed a diministuRKA mRNA
expression in both JHH6 (0.51+0.03, p = 0.002) and Huh7 cells (0.24+0.08, p <0.001) following PD
L1 silencing(Figure17.D). As expectedPD-L1 mRNA expressionwas strongly silenced idHH6
(0.09+0.05, p = 0.002and Huh7 cell$0.24+0.05, p <0.001(Figurel?7.A).

Our preliminary findings in JHH6 cells indicated a reduction in both the mature (0.73) and non
mature forms (0.64) of PD1) (Figurel7.B and F)with a concurrent decrease in AURKA protein
expression (0.16)Figure 17.E-F). This observation unveils a potential feedback loop between PD
L1 and AURKA in cancer.
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Figure 17. The effects ofPD-L1 knockdown on AURKA expression.(A) Relative PD-L1 mRNA
expression at 48h peBD-L1 knockdown in JHH6 (n=2) and Huh7 cells (n=3)-CBRelative expressio
of (B) mature PBL1, upper bandsand (C) unglycosylatedPD-L1, lower bands, at 72h peBD-L1
knockdown in JHH6 (n=1). (D) RelativdJRKAMRNA expression at 48h peBD-L1 knockdown in JHHE
(n=2) and Huh7 cells (n=3). (Relative expression &S{URKA protein at 72h posPD-L1 knockdown in
JHH6 (n=1). (F)Representative protein ltoof AURKA, PD-L1 upper and lower banda n dActin at
72hpostPD-L1 knockdownin JHH6 cells Statisticalsignificance wasalculated using thg u d e -test.
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4.3 AURKA mRNA expression in hepatocarcinogenesis and its correlation with
PD-L1

The investigation into patient samples waigially conducted to assess AURKA expression in
HCC and duringhepatocarcinogenesisencompassing both human and mouse samples. The
correlation betweeAURKAandTPX2 as well afURKAandPD-L1, was examined. Subsequently,
the analysis was expanded to include 12 other oncogenes that are potentially implicated in oncogenic
pathways alongside AURKA. This comprehensive examination aimed to unravel the complex
molecular interactions associated WRbRKA in the conext of HCC and shed light on potential

connections with PE.1.

4.3.1 The increasedURKAMRNA expression in HCC

Numerous studiefr4i 86] (Table 1) and datacollectedfrom the GEPIA databas@igure 7)
consistently demonstrate an overexpressioAWRKAMRNA in HCC. Our exploration oAURKA
MRNA expressionin HCC liver tissues(n=52) revealed a significant 35dld increase in tumors
compared to adjacent naamoral tissues (median: 0.097 [IQR: 0.62212]vs. 0.028 [0.0130.078],

p <0.001)(Figure18.A), with 75% of patients (39/5Z2howing an increase MURKAexpressionn
tumors(Figurel8.B). All the female patients (n=11) showedRKAoverexpression in tumors, with
a median ratio between tumor and adjacent-toomoral tissuesof 4.78 [2.58-17.54]. AURKA
expression did natorrelatebetween tumarand adjacent netumoral tissues (r: 0.142 [C195%:
0.313; 0.409], p = 0.32@Figure18.C).
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Figure 18. AURKA mRNA expressionin HCC patients. (A) RelativeAURKAMRNA expressiom
tumor and adjacent nemmoral tissues (n=52)Statistical significance wascalculatedby using the
Wilcoxon signeerank tests(B) Ratio of the relativURKAMRNA expression in tumor and adjacent n
tumoral tissues (n=52). (C) Correlation between #lative AURKA mRNA expressiorin tumor and
adjacent nofiumoral tissues (n=52). Correlations wesdculated usingpearman's rank correlation te
* p <0.05; ** p <0.01; ** p <0.001

Further analysis revealed a positive correlation betwa¢RKAexpression and direct bilirubin
levels in both tumor and adjacent Aimoral tissues (r: 0.327 [0.293; 0.362], p <0.001; 0.172[0.154;
0.191], p<0.001) Table 14). Direct bilirubin, or conjugated bilirubinepresentdilirubin that has

undergone conjugation with glucuronic acid within the IiM&2].
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Table 14. Regression analysis oAURKA mRNA relative expression to the cliniepathological

variables.

Variables Correlation in HCC P Value Correlation in P Value

Adjacent tissues

Gender (M/F) -0.072 ¢0.765; 0.621) 0.835 -0.112 €0.476; 0.252) 0.539
Age 0.003 ¢0.026; 0.033) 0.827 -0.001 ¢0.016; 0.015) 0.912
Hemaoglobin (g/dl) 0.013 ¢0.168; 0.194) 0.886 0.019 ¢0.077; 0.114) 0.697
Platelet count (X1G/mm?3) -0.001 ¢0.004; 0.002) 0.400 -0.001 ¢0.002; 0.001) 0.303
AST (U/l) 0.007 €0.002; 0.016) 0.144 0.002 €0.003; 0.007) 0.437
ALT (U/1) 0.002 €0.006; 0.011) 0.573 0.000 ¢0.005; 0.004) 0.951
Pseudocholinesterase (U/l) 0.000 (0.000; 0.000) 0.897 0.000 (0.000; 0.000) 0.827
Total Bilirubin (mg/dl) 0.206 (0.487, 0.898) 0.553 0.039 €0.327; 0.405) 0.833
Direct Bilirubin (mg/dl) 0.327 (0.293; 0.362)  <0.001*** 0.172 (0.154; 0.191)  <0.001***
Albumin (g/dI) -0.572 (¢1.192 0.047) 0.069 -0.160 ¢0.495, 0.174) 0.340
Creatinine (mg/dI) -0.553 (1.900, 0.796) 0414 -0.265 (0.976, 0447) 0458
INR -0.099(-1.329; 1.131) 0.872 0.024 ¢0.624; 0.673) 0.940
AFP (ng/ml) 0.000 (0.000; 0.000) 0.805 0.000 (0.000;0.000) 0.894
Etiology .
(Virall MASLD or/and A LD) 0.378(-0.324 1.081) 0.283 0.222 ¢0.153; 0.596) 0.239
Fibrosis Score ]
(FO-F4/F5-F6) 0.349(-0.274; 0.972) 0.266 0.122(-0.209 0452) 0.463
BCLC classes (6A/B-C) -0.071 ¢0.666; 0.523) 0.811 -0.113 ¢0.425,0.199) 0.469
Cirrhosis (Y/N) 0.100 €0.553; 0.754) 0.759 0.084 (0.260, 0.428) 0.626
Grading
(Well-Medium/Poor-Not diff.) 0.156 (0.487, 0.800) 0.627 0.103 (0.240, 0.446) 0.549

The correlationsvere representeasing the correlationoefficient (C195%) U-fetoprotein;ALD, Alcohol-associated liver diseade;
Female; HCC, Hepatocellular Carcinoma; INR, International normalized ratio; M, MAIBLD, Metabolic dysfunctiorassociated
steatotic liver diseasél, No; Y, Yes.* p <0.05; ** p <0.01; *** p <0.001

The associatiorbetweenAURKAexpression and both Gthd DFSin both tumors and adjacent
norrtumoral tissues was investigat@gigure 19.A-D). Patients weralivided into high vs. low-
AURKA expression groups based on the median expression values in tumors (0.097) and adjacent
nontumoral tissues (0.028). No significant differences in either OS or DFS were observed between
the two groupswhen considering AURKA tumoral expressi¢®S: Hazard ratio (HR): 0.752
[C195%: 0.3131.810], p = 0.529; DFS: HR: 0.571 [CI95%: 0.24826], p = 0.192jFigure19.A-
B) or AURKA expression in adjacent ndaamoral tissue$OS: HR: 1.675 [CI95%: 0.694.060], p
= 0.253; DFS: HR: 0.725 [CI95%: 0.3112685], p = 0.454]Figure19.C-D). These results suggest
that AURKA expression alone is not a reliable prognostic indicator for OS or DFS in the considered
population, at the specified cutoff values.
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Figure 19. The Kaplan-Meier survival estimates based oAURKA mRNA expression (A) OS and
(B) DFS analyss inhigh-AURKA(n=26)vs.low-AURKA(nh=26) patients itumor tissues. (GPS andD)
DFS analyss in high-AURKA (n=26) vs. low-AURKA (n=26) patients inadjacent noftumoral tissues
Median expression AURKAMRNA in tumor and adjacent tissues was used as thaffoudlues to divide
the population into the two groups. Statistical significance was calculated usitog-tiamk MantelCox
test

4.3.2 Theincreasdn gene expressioduring hepatocarcinogersesin human samples

To comprehensively understand the dynamic changB8&JRKA TPX2 andPD-L1 expression
throughout hepatocarcinogesis different sample groups, including individuals with healthy livers
(n=13), subjects with MASLD (n=17), and HCC patieritsr(ors and adjacent ndamor tissues,
n=52) were analyzedThese groups of samples provided a simplified representatiorsoone

pathological stages durifgepatocarcinogessis.

AURKA TPX2,andPD-L1 exhibited significant differential expression acraighe groups (all
p <0.001)(Figure20.A). AURKA expression gradually increased from healthy to MASIdSues
(0.003 [0.0020.005] vs 0.013 [0.0070.029],p = 0.001), from MASLD to adjacent ngamoral
tissues ©.013 [0.0070.029] vs. 0.028 [0.0130.078], p = 0.050), androm adjacent no+tumoral
tissues to tumor€(028 [0.0130.078]vs.0.097 [0.0210.212],p <0.001) Figure20.A).
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TPX2exhibiteda significanincreasenly from healthy to MASLDsampleg0.016 [0.0080.048]
vs.0.061 [0.0380.159],p = 0.008) androm adjacent noftumoral tissues to tumorg.095 [0.050
0.228] vs. 0.340 [0.1481.059], p <0.001)(Figure 20.A). PD-L1 was markedly upregulatefdom
healthy to MASLD samples(0.030 [0.0210.092] vs. 0.128 [0.0560.194], p = 0.030) and from
MASLD to adjacent nottumoral tissues(;128 [0.0560.194]vs.0.248 [0.1070.821],p = 0.010)
while no differences were reported between adjacenturooral tissues and tumors (0.248 [0.107
0.821]vs.0.234 [0.1120.926], p = 0.500fFigure20.A). Both TPX2andPD-L1 expression did not
show a significant correlation between tumor and adjacenturoaral tissues (r: 0.085 [C195%:
0.203; 0.360], p = 0.550; r: 0.15D[138; 0.417], p = 0.290){gure20.B-C).
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Figure 20. The geneexpression in human HCC patients, MASLD individuals, and subjects with
healthy livers. (A) Relative AURKA, TPX2and PD-L1 mRNA expression irhealthy (n=13) MASLD
(n=17), adjacent netumor (n=52),andHCC (n=52)liver tissues. Statisticaignificance wasalculated
using KruskalWallis tests for multiple group comparison, Wilcoxon signaak tests for the paired tissug
and MannWhitney U for norpaired tissues. () Correlatios of the relative (B)TPX2or (C) PD-L1
MRNA expression between tumors and adjacenttaomoral tissues (n=52). Correlation analyses W
calculated using Spearman's rank correlation 1gst0.05; ** p <0.01; *** p <0.001
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4.3.3 The diagnostic potential of AURKA

The gradual increase MURKA expression during hepatocarcinogenesis suggests its potential
role in discriminating liver diseases. At the considered cu@®40, AURKA can distinguish
between tumors and adjacent stamoral tissues (Area under the curve (AUC): 0.670 [CI95%:
0.5640.776], p = 0.003)Kigure21.A), with both sensitivity and specificity corresponding to 0.69.
Better performance was obtained when considering the capacity of AURKA in discriminating
patients with HCC from those with MASLD or a healthy liver, possibly demonstitigdjagnostic
potentialof AURKAfor HCC. AURKAshoweda goodability in distinguish both HC@mors (AUC:
0.847 [CI95%: 0.75®.937], cutoff: 0.019;sensitivity: 0.77, specificity: 0.77, p < 0.00igure
21.B) and HCGCadjacent nosiumoral tissues (AUC: 0.766 [CI95%: 0.66880], cutoff: 0.014;
sensitivity: 0.70, specificity: 0.73, p < 0.0Gidm MASLD and healthysamplegFigure21.C). Thus,
AURKAcould be usefuto diagnose HCC in patients with chronic liver disease.

A ~ Tumorvs. B Tumor vs. c Adjacent non-tumoral vs.
adjacent non-tumoral .o, MASLD and healthy MASLD and healthy
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0.8 0.8, 0.8
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AUC: 0.670 ' AUC: 0.847 AUC: 0.766
0.2 (C195%: 0.564-0.776) 0.2 (C195%: 0.756-0.937) 02 (CI95%: 0.652-0.880)
Sens: 0.69; Spec: 0.69 Sens: 0.77; Spec: 0.77 Sens: 0.70; Spec: 0.73
p =0.003 p <0.001 p <0.001
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Figure 21. The diagnostic potential ofAURKA for HCC. (A-D) Receiver Operating Characteris
(ROC) curve of AURKA ability in discriminating between (A) tumes adjacent noumor tissues, (B
tumorsvs. MASLD and healthy samples, (C) Heftljacent nofiumoral tissuess. MASLD and healthy
samplesSens, Sensitivity; Spec, Specificity.

4.3.4 The dhanges in gene expression during hepatocarcinagsimemice samples

To further explore the expression oRAurka, Tpx2, and Cd274 (PdLl1l) during
hepatocarcinogenesis an HB\G mice model developing HCC was usétdegenes were studied at
5 different time points (3, 6, 9, 12, and 15 months of age) and exhibited a significant differential
expression across all tested conditions (n = 11, all p <0.6@jyre22.A-C).
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Figure 22. The gene expression analysis in TG and WT mic) RelativeAurka, (B) Tpx2,and (Q
Cd274mRNA expression imG and WT mice at 3m, 6m, 9m, 12m, and 15m of age (per condition,
(D) The Aurka, (E) Tpx2 and (F)Cd274expression trergin TG andWT miceassessedsing the mediar
geneexpression for eaatondition.Macroscopic HCC lesions were visible at 12 months of &gistical
significance wagalculatedusingKruskalWallis testsfor multiple groupsWilcoxon signeerank testgor
the paired tissues, and Makivhitney Ufor nonpaired tissues p <0.05; ** p <0.01; *** p <0.001

Aurkais overexpressed in TG mice compared to WT with significant differences at 6 namigths

12 monthsljothp <0.001)Figure22.A andTable15). Aurka exhibited an increasa the neoplatsc
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nodulecompared to the adjacenbn neoplastic tissudmth at 12 months (p = 0.037) and 15 months
(p = 0.014)Figure22.A andTablel5).

Table 15. Aurka expressionin TG and WT mice.

Age WT mice TG mice
3 months 0.093 [0.0050.133] 0.114 [0.0850.186]
6 months 0.089 [0.0690.097 0.323[0.1830.501]
9 months 0.076 [0.0580.113] 0.150 [0.0820.176]
Adjacent non-tumoral Neoplastic nodules
12 months 0.113[0.0790.132] 0.320 [0.2420.426] 0.880 [0.3891.170]
15months 0.123[0.1020.196] 0.236[0.084-0.456] 0.786 [0.3721.175]

Gene expressiowasrepresented as median [IQRQR].

Aurkaexpression showed dynamic changes in TG mice with an increase from 3 to 6 months (p =
0.001), a decrease from 6 to 9 months (p = 0.004), followed by an increase from 9 to 12 months in
both adjacent neneoplastic tissues (p = 0.013) and neoplastic nodple®.001) Figure22.D and
Table15). Aurka was stable over time in WT mice, with only a slight increase from 9 to 12 months
(p = 0.043) Figure22.D andTable15).

In TG mice,the expression pattern dfpx2 closely mirrored the trend observed faurka
However, italsoexhibitedan increas duringthe tumor progression both in adjacent m&oplastic
tissues (p = 0.024) and neoplastic nodules (p = 0.Fo&)re22.B and E and ablel16).

Table 16. Tpx2 expressionin TG and WT mice.

Age WT mice TG mice
3 months 0.320[0.153-0.450 0.044 [0.0020.185]
6 months 0.243[0.1160.259 1.235[0.9381.443]
9 months 0.132[0.1090.261] 0.207[0.1520.697
Adjacent non-tumoral Neoplastic nodules
12 months 0.109 [0.0450.137] 0.298 [0.1661.011] 1.039 [0.7112.052]
15months 0.469 [0.24230.890] 1.156 [0.4342.185] 3.221[1.6174.149]

Gene expressiowasrepresented as median [IQRQRY].

Although there was minimal fluctuation over time, the expressi@udai4in WT mice remained

constant Figure22.C and F and’able17). In TG mice,Cd274reached its maximum increase at 6
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months of agé€p <0.001) After this age, the expression consistently decreased until the appearance
of thetumor at 12 months. Interestingly, an opposite trend was observed for both neoplastic nodules
(p = 0.010)and norneoplastic tissuép = 0.006)(Figure22.C and F andable17). Importantly, it

cannot be excluded that the similar increas€d74in both tissues was a consequence of the aging

processn mice

Table 17. Cd274expressionin TG and WT mice.

Age WT mice TG mice
3 months 2.096[0.3702.429 1.265 [0.5311.671]
6 months 2.500 [1.2262.953] 3.602[2.3544.399]
9 months 1.854 [1.4842.317] 2.396 [0.9672.996]
Adjacent non-tumoral Neoplastic nodules
12 months 2.152 [1.6212.928] 1.480 [1.0461.796] 1.383 [1.0092.090]
15months 2.193[1.7013.896] 2.263 [2.0353.503] 2.620[1.7443.528]

Gene expressiowasrepresented as median [IQRQRY].

These results suppdhe observations made in human samples, providing a novel perspective on

the roles ofAurkaandCd274within the context of liver disease and HCC

4.3.5 Thepositivecorrelations between AURKA, TPXandPD-L1

The analysis oAURKA, TPX2 andPD-L1 expressions in HC@atientsreveaéd significant
correlations among these gend$ie highRAURKA group exhibits elevatedPX2 and PD-L1
expressions compared to the lIMWRKAQgroupin both tumor samplesTPX2:0.910 [0.3662.191]
vs.0.163 [0.1270.329], p <0.001PD-L1: 0.888 [0.2361.867]vs.0.147 [0.0960.233], p <0.001)
(Figure 23.A) and adjacent netumoral tissues (0.758 [0.248860] vs. 0.135 [0.0620.234], p
<0.001; 0.184 [0.099.761]vs.0.057 [0.0230.097], p <0.001)Kigure23.B).

Positive correlations betweegllJRKAandTPX2(Figure23.C) and betweeMURKAandPD-L1
(Figure23.D) were observedot only inthetumor(r: 0.818 (C195%: 0.696; 0.894), p <0.001; r: 0.709
(CI95%: 0.533; 0.826), p <0.00&nd adjacent netumoral tissuegr: 0.813 (CI95%: 0.688; 0.891),
p <0.001; r: 0.748 (Cl195%: 0.589; 0.851), p <0.0bdi also in MASLD subject§: 0.746 (C195%:
0.365; 0.913), p = 0.002; r: 0.811 (CI95%: 0.8B232), p <0.001}Figure23.C-D). AURKAand
TPX2 positively correlated irhealthy livers(r: 0.825 CI95%: 0.489; 0.948), p <0.001), but not
AURKAandPD-L1 (Figure23.C-D).
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Figure 23. The correlations betweerAURKA, TPX2, andPD-L1 mRNA expression.(A-B) Relative
AURKA TPX2 andPD-L1 mRNA expression in higl\URKA(n=26)vs.low-AURKA(n=26) in (A) HCC
tumorsand (B) adjacent netumoral tissues. Median expressionAldRKAMRNA in tumor and adjacer
tissues was used as the-offtvalues to divide the population into the two graupstisticalsignificance
wascalculated using thielann-Whitney Utests (C-D) Correlation between the relativeRNA expressior|
of AURKAand (C)TPX2or (D) PD-L1 in HCC (n=52), adjacent netnmor (n=52), MASLD (n=17), anc
healthy (n=13) liver tissue€orrelatiors werecalculated using Spearman's rank correlationtgst0.05;
**p <0.01; *** p <0.001

AURKA expression in adjacent ndamoral tissues shaed a positive association with total
bilirubin and the International Normalized Ratio (INRable18 andTable19). The highAURKA
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groupshowed higher levels of total bilirubin and INR compared to theAtRKAgroup (0.90 [0.74
1.29]vs.0.70 [0.520.96], p = 0.010; 1.12 [1.06.15]vs.1.07 [0.981.12] (Table19). Bilirubin is a
pigmentgenerated through the breakdown of various heomtaining proteins, particularly from
hemoglobin catabolism. Elevated levels of total bilirubin are commonly linked to liver |§$&8]s

INR serves as a bloadotting test, assessing an individual's response to anticoagulation therapy with

a vitaminK antagonist. A standard INR value is 1.0, and any increase signifies a diminished clotting

ability, often associated with liver disease and cirrhds34].

Table 18. The association betweerdemographic, clinical, and pathologicalvariables and high

AURKA vs low-AURKA groups inHCC tumors.

Variables Total patients High-AURKA Low-AURKA P-value
(HCC =52) group (HCC = 26) group (HCC = 26)

AURKA mRNA 0.097[0.021-0.212 0.221 [0.1570.624] 0.024 [0.0120.060 <0.001***
Gender (M/F) 41/11 18/8 23/3 0.173
Age 69.90 [62.3373.65 69.90 [62.2573.28] 69.25 [62.6875.43 0.750
Hemoglobin (g/dI) 14.15 [13.6015.43 13.95 [12.7815.05] 14.30[13.9515.80' 0.090
Platelet Count
(X10%mm?) 171 [111-223] 171 [106232] 172 [112-222] 0.820
AST (U/) 30.00 [24.0851.00 35.00 [25.7561.00] 27.50 [22.0048.75 0.350
ALT (U/l) 29.50 [19.0652.75 28.00 [19.0654.25] 29.50[18.5653.50 0.790
'(Djﬁ)“dOCho"”eSterase 6651 [54477384] 6790 [50867286] 6597 [54997484] 0.930
Total Bilirubin (mg/dl) 0.82[0.571.01] 0.86 [0.661.19] 0.74 [0.570.98] 0.270
Direct Bilirubin (mg/dl) 0.19[0.130.25] 0.19[0.140.30] 0.19[0.130.22] 0.500
Albumin (g/dl) 4.10 [3.884.40] 4.12 [3.814.43] 4.10 [3.994.38] 0.870
Creatinine (mg/dl) 0.82[0.730.96] 0.81 [0.730.96] 0.87 [0.730.95] 0.920
INR 1.08 [1.031.14] 1.08 [1.051.14] 1.09[1.031.14] 0.920
AFP (ng/ml) 9.65[3.63111.03] 10.10[4.25133.00] 5.20[3.6011.03] 0.420
Etiology (Viral/SLD) 22/19 13/10 9/9 0.758
Fibrosis Score
(FO-F4/F5-F6) 16/34 6/19 10/15 0.364
BCLC Classes
(0-A/B-C) 34/18 15/11 19/7 0.382
Cirrhosis (Y/N) 39/13 19/7 20/6 1.000
Grading (Well/
Medium-Poor-Not diff.) 15/34 7/16 8/18 1.000
Vascular invasion (Y/N 12/35 6/17 6/18 1.000

Categorical variables were represented by the numbert of pat
Continuous variables werepresented as median [IQRQR] and the differences were calculated usingMannWhitney U test.

A F P -fetofifotein; F, Female; HCC, Hepatocellular carcinoma; INR, International normalized ratio; M, Male; N, No; SLD, Steatotic

liver disease; Y, Yes. p <0.05; ** p <0.01; *** p <0.001
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Table 19. The association betweertlinic-pathological variables and highAURKA vs low-AURKA
groups in adjacent norttumoral tissues.

Variables Total patients High-AURKA group  Low-AURKA group P-value
(HCC =52) (HCC = 26) (HCC = 26)

AURKA mRNA 0.028 [0.0120.078] 0.073 [0.0360.240] 0.013 [0.0100.019 <0.001***
Gender (M/F) 41/11 22/4 19/7 0.499
Age 69.90 [62.3373.65] 69.20 [62.3873.03] 70.15[61.6575.25 0.800
Hemoglobin (g/dI) 14.15 [13.6015.43] 14.40[13.5515.73]  14.00 [13.5315.05 0.380
Platelet Count
(X10¥mm?) 171 [112223] 165 [112225] 178 [110225] 0.910
AST (U/l) 30.00 [24.0651.00] 39.50 [24.7561.00]  26.50 [22.0048.75 0.170
ALT (UN) 29.50[19.0052.75] 38.50[19.0652.25]  25.50 [18.5658.00 0.650
(F’S/?)“dOChO"”eSterase 6651 [54477384] 6704 [53447260] 6597 [53957837] 0.570
Total Bilirubin (mg/dl) 0.82 [0.571.01] 0.90 [0.741.29] 0.70 [0.520.96] 0.010*
Direct Bilirubin (mg/dl) 0.19 [0.130.25] 0.20[0.160.40] 0.16 [0.130.22] 0.060
Albumin (g/dl) 4.10 [3.884.40] 4.09 [3.794.29] 4.13 [3.984.46] 0.250
Creatinine (mg/dl) 0.82 [0.730.96] 0.89 [0.740.96] 0.80 [0.720.98] 0.330
INR 1.08[1.031.14] 1.12[1.06-1.15] 1.07 [0.981.12] 0.030*
AFP (ng/ml) 9.65 [3.63111.03] 10.85 [5.45133.50] 5.05 [3.2316.30] 0.060
Etiology (Viral/SLD) 22/19 11/11 11/8 0.756
Fibrosis Score
(FO-FA/F5-F6) 16/34 7/19 9/15 0.547
BCLC Classes
(0-A/B-C) 34/18 18/8 16/10 0.771
Cirrhosis (Y/N) 39/13 21/5 18/8 0.523
Grading (Well/
Medium-Poor-Not diff. 15/34 7/16 8/18 1.000
Vascular invasion (Y/N) 12/35 6/16 6/19 1.000

Categorical variables were represented by the numbert of pat
Continuous variables were represented as median-[liQR] and the differences were calculated usingMannWhitney U test.

A F P -fetoffotein; F, Female; HCC, Hepatocellular carcinoma; INR, International normalized ratio; M, Male; N, No; SLD, Steatotic

liver disease; Y, Yes.p <0.05; ** p <0.01; *** p <0.001

Despite the strongorrelation betweeAURKA, TPX2andPD-L1 in HCC, the combination of
AURKA, TPX2andPD-L1 expressiottacks prognostic significancior OS and DFS. As an example,
Cox proportionahazards regression analysombiningAURKAexpressionExp(b):0.845 (CI195%:
0.173; 4.141)p = 0.836)andPD-L1 expression (Exp(b): 0.843 (C195%: 0.534; 1.333), p = 0.466)
did not providesignificant results for O% = 0.241) Table20, Table21, andTable22).
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Table 20. The overall model fit of theCox proportional-hazards regressioranalysis assessing overal
survival using the combinedAURKA and PD-L1 mRNA expression in HCC.

Null model -2 Log Likelihood ‘ 151.672
Full model -2 Log Likelihood | 148.823
Chi-squared 2 2.849
P-value 0.241

Table 21. Coefficients and standard errors of theCox proportional-hazards regressionanalysis
assessing overall survival using the combinelURKA and PD-L1 mRNA expression in HCC.

Values AURKA PD-L1
b+SE | -0.168:0.811 -0.1710.234
wald | 0.043 0.533

P-value | 0.836 0.466

Exp(b) | 0.845 (CI95%: 0.174.141) 0.843 (CI95%: 0.5341.333]

Table 22. Baseline cumulative hazard function of theCox proportional-hazards regressioranalysis
assessing overall survival using the combinelURKA and PD-L1 mRNA expression in HCC.

Time Baseline At the mean of Covariates At the mean of Covariates
(Months) Cumulative Hazard Cumulative Hazard Survival
1 0.070 0.035 0.965
2 0.120 0.061 0.941
3 0.173 0.087 0.917
5 0.201 0.101 0.904
7 0.230 0.116 0.891
9 0.260 0.131 0.877
11 0.293 0.147 0.863
13 0.331 0.167 0.847
16 0.370 0.186 0.830
18 0.413 0.208 0.812
22 0.463 0.234 0.792
24 0.519 0.261 0.770
26 0.632 0.318 0.727
40 0.697 0.351 0.704
41 0.765 0.385 0.680
51 0.855 0.431 0.650
53 0.953 0.480 0.619
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While the gene association may not be significant as a prognosti@&tdeKAdemonstrates a
robust correlation witifPX2andPD-L1 in hepatocarcinogenesis. This connection holds potential

clinical relevance, as indicated by associations with liver function parameters

4.3.6 Thepositivecorrelations betweerAURKAexpression and other oncogenes

A comprehensive analyswas conducted to investigate the correlation betwddRKAand a
selected set of oncogenes known to be associated with pathways in which AidRiklved
[95,135 144]. The expression levels &KT Serine/Threonine Kinase(AKT1), ATPase Na+/K+
Transporting Subunitll (ATP1A), B-Raf ProteOncogene, Serine/Threonine King@&RAP, C-
MYC, Epidermal Growth Factor Recept¢EGFR), Glycogen Synthase Kinasé @5SK3B, HRas
Proto-Oncogene, GPase(HRAS, KRAS ProteOncogene, GPase(KRAS, RELA ProteOncogene,
NF-kB SubunifNFKB3), NFKBIA, PD-L1, PTEN, TPX2, Yesl Associated Transcriptional Regulator
(YAP) were examined using the GEPIA databdsgure24.A). ATP1A1(136.19 TPM)NFKBIA
(77.79), andAKT1 (38.40) exhibited the highest expression, wRi-L1 (0.52),BRAF(3.59), and
KRAS(3.92) showed the lowest expression levElgire24.A).

The correlation betweeAURKA and these genes was investigated in 39 hh@ited tissues
divided into high- vs low-AURKA groupsaccording tothe medianAURKA expression in tumor
tissues (0.0599nd adjacent netumoral tissuef0.026) For each genehé mean rank differenceas
calculated, andhe adjusted pvalue wasdetermined. The graphical representatibiyure 24.B-C)
illustrates the mean rank differences-gXis) and log (adjusted Rvalues) (Yaxis) for the

correlatiors of each gene witAURKAexpression itHCC patients

The upperright quadran{Figure24.B-C) indicates genes with a significantly positive difference

in mean ranks between higfURKAand lorAURKAgroups and he lowerright quadraniFigure
24.B-C) represents genes with a nsignificant positive difference. Conversely, the lowedt
guadrani(Figure 24.B-C) contains genes with a naignificant negative differencendthe upper

left quadrant(Figure 24.B-C) shows genes with a significantly negative differerRiB:L1, TPX2
andKRASexhibited thenighest ananost significant differences in both tumor tissues-(EDmean

rank difference: 16.93, p <0.001; TPX2: 14.88, p <0.001; KRAS: 12.96, p <0.001) and adjaeent non
tumoral tissues (PIR1: 14.37, p <0.001; TPX2: 14.88, p <0.001; KRAS: 13.13, p <0.(gure
24.B-D).
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Figure 24. The correlationsbetweenAURKA expressionand 14 oncogenes in HCC(A) The mRNA
expression oAURKA AKT1, ATP1Al, BRAF,-®1YC, EGFR, GSK3B, HRAS, KRAS, NFKB3, NFKE
PD-L1, PTEN, TPX2andYAP1from GEPIA database (http://gepia.canpku.cn/) (B-C) The correlatios
between the expressionAtURKAand the 14 oncogenas(B) tumor (n=39) and() adjacent nottumoral
(n=39) tissues. Thetatistical significance was calculatesing the ManfWhitney U tests.[) Theadjusted
p-valuesof theassociationbetween the relative mMRNA expressiorAdbfRKAandtheoncogenes tumors
and adjacent netumoral tissies * p <0.05; ** p <0.01; *** p <0.001 AKT1, AKT Serine/Threonine Kinase
ATP1A1, ATPase Na+/ K+ Tr an-Rg BrotéGnaogene SSefne/ThiedninelKinase My R, AVFY C
Proto-Oncogene, BHLH Transcription Factor; EGFR, Epidermal Growth Factor Receptor; GSK3B, Glycogen Sknthasa s
HRAS, HRas Prot®ncogene, GTPase; KRAS, KRAS PiOtcogene, GTPase; NFKB3, RELA Pr@acogene, NkB Subunit;
NFKBI A, NFKB I nhibitor U; PTEN, Phosphat assriptiodalrReéguldte n s i

DespitePD-L1 being the least expressed oncogene among the analyzed group in sto@ed
the most robust association wWikURKA expression. These findings not only reinforce previous
observations regardingURKASs correlation withPD-L1 and TPX2but also spotlighKRASas a

potential key player iAURKArelated signaling pathways.
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4.4 AURKA protein expression inhuman and mice samples

4.4.1 The decreasam AURKA protein expression in HCC

In contrast to prior reports suggesting AURKA protein overexpression in tuifabote 1) [871
90], the analysis, utilizing two distinct antibodies targeting different AURKA domains3@8814
from Santa Cruz Biotechnology targeting amino acid8Q (N-terminal) and ab52973 from Abcam
targeting amino acids 35660 (Gterminal)), revealed a significant dease in AURKA expression
in HCC tumor tissuef@rigure25.A-D).

AURKA showed a 2.660ld decrease in tumors compared to adjacenttnororal tissues (n=5
(0.276 [0.0940.478]vs.0.733 [0.3920.971], p <0.001)Rigure25.A and C), with only the 17% of
patients showing an AURKA overexpression in tumofsgyre 25.E). Among patients
overexpressing AURKA in tumors, 56% @/Mhad HCV infection, while 33% (3/9) and 11% (1/9)

were associated witsteatotic liver diseas&[D) and HBV, respectively.

These results were further confirmed by testing a subset of samples (12 dygatiehts) with
the ab52973 antibody, revealing a robust decrease in AURKA expression in tumor samples (0.027
[0.005-0.177]vs.0.170 [0.0980.317], p = 0.052fFigure25.B and D).Once again, only 17% of the
samples exhibited AURKA overexpression in tumors.

There was no observable correlation in AURKA expression between the tumors and adjacent non
tumoral tissues (r: 0.266 [CI95%0.015; 0.509], p = 0.056)F{gure 25.F). Additionally, no
correlation was observecttveenAURKAMRNA and AURKA protein expression in tumor tissues
(r: 0.127 [CI95%:3=0.169; 0.401], p = 0.386l{gure25.G) and adjacent netumoral tissues (F0.098
[C195%:-0.383; 0.203], p = 0.510){gure25.H).
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Figure 25. AURKA protein expression in HCC patients.(A-B) Relative AURKA protein expressio
in tumor and adjacent ndmmoral tissues using the antibody (A)-3@8814 from Santa Cruz
Biotechnology (n=8), or (B) ab52973from Abcam (n=12). Statisticaignificancewascalculated using
the Wilcoxon signedank test(C-D) Representative protein béod f A U R K AActen mdumdr and
adjacent noftumoral tissues with the antibody (C)3@88140r (D) ab52973(E) Ratio of the relative
AURKA protein expressiorbetweentumors and adjacent netumoral tissuesn=52). (F) Correlatior|
between the relative AURKA protein expressiothatumor and adjacent nemmoral tissues (n=52). (G
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H) Correlation between the relatiydJRKAMRNA and AURKA proteinexpression in (G) tumaor (H)
adjacent noftumoral tissues (49). Correlatiors werecalculated using Spearman'’s rank correlationte
p <0.05; ** p <0.01; *** p <0.001

4.4.2 The phosphorylation of AURKA on Thr288 residue in HCC

To evaluatethe activation status of AURKA in human HCC tissues (n=12), we examined
AURKA phosphorylatioron Thr288 in both tumor and adjacent Atmoral tissues. This particular
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Figure 26. The phosphorylation of AURKA on Thr288 in HCC patients.(A) Relative expression g
phosphotAURKA (Thr288) in tumor and adjacent ndmmoral tissues (n=12). Statisticgnificance was
calculated using the Wilcoxon sigreahk tests. Ns, Nesignificant. (B) Representative protein Isloif
phospheA URK A ( T h r 2A8tH )in tuanor cand fadjacent naaomoral tissues. (C) Percentage
phosphotAURKA (Thr288) relative to the total AURKA protein expression in both tumor and adj:
nontumoral tissues for each patient (n=12).

phosphorylation site is commonly associated with the enzymatic activation of AURKAL46]

A low signal of phosphorylated AURKA (Thr288) was detected in both tissues, with no
significant differences between tumors and adjacent tissues (0.011-(00BHvs 0.027 [0.011
0.052], p = 0.380)Figure 26.A-B). Interestingly, in 50% of the patients (6/12), the expression of
phospheAURA (Thr288) was higher in tumors compared to the adjacenturonral tissue§Figure
26.C). The mean percentage of activated AURKA was higher in tumors compared to adjacent non
tumoral tissues (13.84%s. 6.14%) (Figure 26.C). Thus, although expressing lower levels of
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AURKA, tumors showeda higher amount of activated AURKAHowever, until now, no

experimental explanation can be provided regarding the implications of this activation in tumors.

Given the higher percentage of AURKA phosphorylation (Thr288) in tumors, AURKA might
play a significant role in cell mitosis and replication. The phosphorylation of AURKA on Thr288
promotes a conformational change to an opened state, enhancing the &iivityeoé the protein
and facilitating the phosphorylation of its-tactors and substrates. These alterations are crucial in
the mitotic process, where the correct activation of AURKA is pivotal for the G2/M transition and
the organization of the mitotapindle[27].

However, immunohistochemical assays conducted in 8 HCC patients not only confirmed the
generally low abundance of AURKA in tumors but also revealed limited Ki67 positivity, a marker of
cell proliferation. Although with slight positivityKi67 staining was higher in 37% of the tumor
tissues (3/8), while the remaining patients exhibited a very low sigi28lo(positivity to the marker)
in both tumor and adjacent ndtimoral tissues. Despite the increased AURKA phosphorylation
(Thr288) in tunor components, ioes not appear to significantly affect cell proliferation. However,
considering the diverse range of functions associated with active AURKA and total AURKA, further
analyses are warranted to unravel the potentially distinct roles of this protein inubwih dand

adjacent nostumoral tissues.

A representative caggigure 27) illustrated weak positivity for the AURKA antibody in the
tumor tissue compared to the contiguous-orhotic norrtumoral hepatic parenchyma, showing
intense positivityFigure27, left panels)ConverselyKi-67 antibody positivitywasevident only in
the tumor componeifEigure27, right panels).
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AURKA Ki67

Sample 15

Adjacent

Figure 27. Immunohistochemical stainingof AURKA and Ki67 in a representative HCC patient
(sample 15).The top panels show the transition area between the tumor and adae&nnoral tissues
the middle panels the tumor component, and the bottom panels the adjacemai component. Ki67,
a marker of cell proliferation. Magnification:10X

In another cas@-igure28), both tumor and adjacent nommoral components shad moderate
AURKA positivity (Figure28, left panels)and Ki67 expression remaga consistent betweethne

tissues [Figure28, right panels)
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Figure 28. Immunohistochemical stainingof AURKA and Ki67 in a representativeHCC patient
(sample 39) The top panels show the transitiareabetween the tumor and adjacent fiomoral tissues
the middle panels the tumor component, and the bottom panels the adjacemai component. Ki67,
a marker of cell proliferation. Magnification: 10X

4.4.3 The hanges inPA\URKA proteinexpression durinpepatocarcinogenesis

In response to the unexpected findings regarding AURKA expression in HCC, our investigation
expanded to includmdividuals withMASLD and subjects with healthy liverAURKA exhibited
significant (p <0.001) differential expression across healthy (0.945 [1L36®]), MASLD (1.945
[0.4552.423]), adjacent netumor (0.733 [0.398.971]), and tumor samples (0.276 [0.aR478]).
AURKA was overexpressedh both healthy and MASLD samples compared to twfboth p
<0.001) Figure 29.A-B) and in MASLD samples compared to adjacent-tusnoral tissues (p =
0.031) Figure29.A-B).
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