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High expression of aurora kinase B predicts poor prognosis in
hepatocellular carcinoma after curative surgery and its effects on
the tumor microenvironment
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Background: Currently, the only broadly used biomarker for hepatocellular carcinoma (HCC), alpha
fetoprotein (AFP), has multiple limitations and the need for novel biomarkers is urgent. Aurora kinase
B (AURKB) is a key mitotic protein kinase which performs a critical function in cell cycle progression.
Nonetheless, neither the function nor the mechanism of AURKB in HCC following curative surgery is
fully grasped at this time. This study sought to evaluate the impact of AURKB on prognosis and the tumor
immune microenvironment (TIME) in HCC.

Methods: We evaluated both the expression profile of AURKB in HCC and its clinical value using online
databases and clinical specimens. The prognostic value of AURKB was studied by Kaplan-Meier survival
analysis, and the link between AURKB and tumor-infiltrating immune cells (TTICs) were analyzed.
Results: We found the mRNA expression patterns of AURKB were remarkably upregulated in HCC
in contrast with adjoining normal tissues (P<0.001). Upregulation of the AURKB protein in HCC was
additionally verified by clinical samples. The expression of AURKB was substantially associated with Child-
Pugh, microvascular invasion (MVI), Edmondson-Steiner grade, and tumor recurrence. Furthermore,
patients diagnosed with HCC who had a low AURKB expression had a better. Our data suggested age [hazard
ratio (HR): 1.34], alanine aminotransferase (ALT) (HR: 1.65), tumor size (HR: 1.99), mor number (HR:
1.60), MVI (HR: 1.93), grade (HR: 5.58), and AURKB expression (HR: 3.63) independently functioned as
prognostic risk indicators for HCC (P<0.05). Importantly, we also found AURKB expression was inversely
linked to resting natural killer (NK) cells, M2 macrophages, activated mast cells, and naive B cells, and
positively linked to MO macrophages, T follicular helper cells (Tth), regulatory T cells (Treg), and resting
myeloid dendritic cells. In addition, AURKB expression was also positively linked to the immune checkpoints
of PDCD1, CD274, CTLA4, and LAGS3. Finally, 1,696 DEGs were discovered, and were predominantly
implicated in chromosome segregation, cell cycle, xenobiotic metabolic process, calcium signaling pathway,
bile secretion, tyrosine metabolism, and DNA replication.

Conclusions: AURKB may be a potential prognostic biomarker for HCC after curative surgery, which
correlates with MVI and the TIME in HCC.
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Introduction

Primary liver cancer has high morbidity and mortality,
causing an estimated 830,000 deaths globally in 2020 and
representing 8.3% of all cancer fatalities (1). The most
frequent subtype of primary liver cancer is hepatocellular
carcinoma (HCC), which is attributable to around
75-85% of all primary liver cancer cases (2). Despite the
availability of numerous therapies such as chemotherapy,
immunotherapy, and molecularly targeted therapy, surgical
intervention remains the primary therapeutic option for
patients with HCC (3,4). However, the recurrence rate of
HCC is high, and the long-term prognosis remains poor.
Currently, HCC still lacks effective prognostic markers.
Therefore, finding novel biomarkers and therapeutic
targets, as well as investigating the pathophysiology of
HCC, is of the utmost significance since it has the potential
to enhance both the prognosis and the treatment of the
disease.

Aurora kinases (AURKSs) belong to the family of serine/
threonine kinases, which has three members (AURKA,
AURKB, and AURKC) (5). AURKSs are important
regulators of the cell cycle, of which AURKA and AURKB
are the most abundant isoform in cancer (6). Overexpression
of AURKS in tumors has been shown to trigger genomic
instability that leads to tumor development, invasion, and
metastasis (7). In particular, numerous studies have shown
the AURKB expression level is elevated in malignancies,
and this is linked to the onset and advancement of cancer
(8-10). As a result of its involvement in cancer cell
proliferation, epithelial-mesenchymal transition (EMT),
apoptosis, metastasis, and the self-renewal of cancer stem
cells, AURKB contributes to the progression of tumors
(11-15). In addition, it is known to be implicated in the
modulation of several signaling pathways, particularly the
p70S6K/RPL15, MAPK/ERK, NF-kB pathways, and other
signaling pathways (16-18). Furthermore, the expression
of AURKB is identified as a prognostic biomarker in
neuroblastoma, clear cell renal carcinoma (ccRCC), and
pediatric acute lymphoblastic leukemia (10,19,20). The
results of these investigations suggested AURKB could
perform an important part in oncogenesis. While several
studies have demonstrated that AURKB is a promising
prognostic biomarker in HCC (21-25), neither its function
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in HCC nor its possible molecular basis is thoroughly
studied at this time, especially for microvascular invasion
(MVI) and the tumor immune microenvironment (TIME).
In this research, we evaluated the expression level,
diagnostic role, prognostic value, and the possible
association of the expression of AURKB with clinical and
pathological features, and its relationship with immune
cell infiltration and immune checkpoints was investigated.
In addition, we identified AURKB-related differentially
expressed genes (DEGs) and explored the putative
molecular mechanisms in the advancement of HCC by
functional enrichment analysis. Our findings illustrated
AURKB was substantially up-modulated in HCC and could
be a viable diagnostic biological marker for the disease.
Additionally, AURKB had an important impact on TIME.
We present the following article in accordance with the
TRIPOD reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-4798/rc).

Methods
Acquisition of public data

The gene expression, clinicopathological information, and
matching survival data of HCC patients were obtained
from The Cancer Genome Atlas-Liver Hepatocellular
Carcinoma (TCGA-LIHC) and Gene Expression Omnibus
(GEO). The RNA-sequencing data of 351 HCC patients
were included in the TCGA-LIHC cohort, and the
transcripts per million (TPM) approach was utilized for
gene expression quantification. In addition, microarray
expression data from 221 patients with HCC were also
downloaded from the GSE14520 cohort. HCC patients
who had incomplete clinical/survival data were excluded
from this study.

Patients and clinical samples

In total, this study enrolled 262 patients diagnosed with
HCC and treated surgically at the Third Affiliated Hospital
of Naval Military Medical University between 2013 and
2015. The term “over survival” (OS) was used to refer
to the duration of time that passed between the patients’
surgery and the date of their death or their last follow-up.
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Calculation of the recurrence-free survival (RES) began on
the date of the surgical procedure until the initial diagnosis
of recurrence or death, and patients were monitored until
June 2021. The principles highlighted in the Declaration of
Helsinki (as revised in 2013) were adhered to throughout
this research. The study was approved by the Ethics
Committee of Third Affiliated Hospital of Naval Military
Medical University and informed consent was taken from
all the patients.

Immunobistochemistry (IHC) staining analysis

For IHC analysis, HCC tissues were surgically removed,
and 4% formalin was utilized to fix them before embedding
in paraffin blocks. Following antigen retrieval via
microwave heating, slides were treated throughout the
night with the primary anti-AURKB antibody (diluted at
1:200, ab2254, Abcam, UK). Hematoxylin was then utilized
as a counterstain after the specimens had been stained with
3',3-diaminobenzidine tetrahydrochloride (DAB), and
following alcohol dehydration, xylene vitrification, and
neutral gum sealing, a total of four random views of each
sample were examined microscopically at a magnification
of x400. For AURKB expression evaluation, the proportion
of positive cells in each view was used to derive the score,
with a positive cell number <25% =1, 26-50% =2, 51-75%
=3, and 76-100% =4. In addition, for the staining intensity
score; negative =1, weak =2, moderate =3, and strong =4.
The composite scores of 1-4 (+), 5-8 (++), 912 (+++), and
13-16 (++++), were obtained using the formula; composite
score = percentage score of positive cells x intensity grade.
According to the intensity composite score, low levels of
AURKB expression were indicated by scores between 1 and
8 (+ and ++), whereas high levels were indicated by values
between 9 and 16 (+++ and ++++). Examination of the
staining was carried out by two pathologists independently.

Survival analysis and nomogram construction

All patients whose follow-up time was >1 month were
considered eligible for inclusion in this research. Patients
were classified into two groups (low expression and high
expression) depending on the optimum thresholds of the
gene expression level using the “surv cutpoint” function
included in the “survminer” R package. The log-rank
test was employed to examine differences (variations) in
survival rates. To discover independent prognostic variables
in HCC, both univariate and multivariate Cox analyses
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were conducted, and by using the “rms” R package, a
nomogram that considered prognostic risk variables and
AURKB expression was developed. Both discrimination and
calibration were used to verify the ability of the nomogram
to accurately predict patient survival.

Correlation of AURKB expression with TIME

The CIBERSORT method and the LM22 signature matrix
were utilized to identify immune cell infiltration in HCC
patients by estimating the percentages of various types of
immune cells (26). LM22 is a signature matrix that can
differentiate different immune cells in an accurate manner,
such as different types of naive and memory B cells, natural
killer (NK) cells, plasma cells, T cells, and myeloid subsets.
In addition, we investigated the relationships between
AURKB expression and T cell markers (CD3D, CD8A,
CD4, and FOXP3), macrophage markers (CD68, CD86,
CD163, and GZMB), and immune checkpoints (PDCDI,
CD274, CTLA4, and LAG3).

Screening of DEGs and analysis of functional enrichment

The DEGs related to AURKB in HCC tissues were
analyzed using the R package “edgeR” (27). False discovery
rate (FDR) adjusted P<0.05 and Log2 fold change >1.0
were established as the thresholds, and the findings were
displayed by a volcano plot. The “clusterProfiler” and
“enrichplot” packages in R software were employed to
analyze Gene Ontology (GO) enrichment and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathways,
which identified possible mechanisms linked to DEGs
(28,29). Significant enrichment was considered to exist
when the P value was <0.05.

Statistical analysis

The % test or the Fisher exact test, and the #-test were
used, respectively, to compare categorical and continuous
variables following a normal distribution, and continuous
variables exhibiting skewed distributions were evaluated
utilizing the Mann-Whitney U test. Additionally, the log-
rank test was conducted to determine whether there were
remarkable variations in survival rates across the two
groups. Using linear regression analysis, we determined the
link that exists between the expression of AURKB and that
of other genes. Analyses of statistical data were conducted
using R software, and a statistically significant variation was
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Table 1 Clinical characteristics of HCC patients Table 1 (continued)

Hospital .
- H tal
Variables samples G(Sni‘;fo TC(nGgs":';C Variablos S::E:ez GSE14520 TCGA-LIHC
(n=262) no2ezy =221 (n=351)
Age . . .
Liver cirrhosis
<60 years 103 178 157 No 70 N/A N/A
>60 years 159 43 194 Yes 190 N/A N/A
Gender AFP
Female 28 30 110 <400 ng/mL 83 118 N/A
Male 234 191 241 >400 ng/mL 179 100 N/A
TBiL Tumor number
<17.1 pmol/L 226 N/A N/A 1 195 N/A N/A
>17.1 ymol/L 36 N/A N/A 1 67 N/A N/A
AST MVI
<40 U/L 113 N/A N/A No 139 N/A N/A
>40 U/L 149 N/A N/A Yes 193 N/A N/A
ALT Satellite lesions
<44 U/L 151 N/A N/A No 62 N/A N/A
>44 U/L 111 N/A N/A Yes 200 N/A N/A
HBV-DNA HCC, hepatocellular carcinoma; TCGA-LIHC, The Cancer
<2,000 IU/mL 112 N/A N/A Genome Atlas-Liver Hepatocellular Carcinoma; TBIL, total
bilirubin; AST, aspartate aminotransferase; ALT, alanine
22,000 IU/mL 150 N/A N/A aminotransferase; HBV-DNA, hepatitis B virus-DNA; TNM,
Child-Pugh score tumor node metastasis; BCLC, Barcelona clinic liver cancer;
AFP, alpha fetoprotein; MVI, microvascular invasion; N/A, not
A 238 N/A N/A applicable.
B/C 24 N/A N/A
Edmondson-Steiner grade ) ) )
judged to exist when the two-tailed P value was <0.05.
-l 56 N/A N/A
-1V 206 N/A N/A
Results
TNM stage
i N/A 170 045 Clinical features of HCC patients
AV N/A 49 83 Firstly, 262 clinical samples were acquired from HCC
BOLG stage patients who received surgica‘l treat@ent at our hosPital
from 2013 to 2015. As depicted in Table I, detailed
O/A N/A 168 N/A parameters included age, gender, total bilirubin (TBIL),
B/C N/A 51 N/A aspartate aminotransferase (AST), alanine aminotransferase
Tumor size (ALT), hepatitis B virus (HBV)-DNA, Child-Pugh score,
Edmondson-Steiner grade, tumor node metastasis (TINM)
<5¢cm 121 140 N/A C ..
stage, Barcelona clinic liver cancer (BCLC) stage, tumor
>5cm 141 80 N/A

size, liver cirrhosis, alpha-fetoprotein (AFP), tumor number,
Table 1 (continued) MVI, and satellite lesions. In addition, the clinical data
of HCC patients from TCGA-LIHC and the GSE14520
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Figure 1 Expression and diagnostic value of AURKB in HCC. (A,B) mRNA expression level of AURKB in the TCGA-LIHC and
GSE14520 cohorts. (C) ROC analysis of AURKB upregulation in HCC. (D) IHC staining of AURKB in the HCC samples. ***, P<0.001.
Composite score: + [1-4], ++ [5-8], +++ [9-12], and ++++ [13-16]. AURKB, aurora kinase B; TCGA-LIHC, The Cancer Genome Atlas-
Liver Hepatocellular Carcinoma; AUC, area under the curve; ROC, receiver operating characteristic; HCC, hepatocellular carcinoma; IHC,

immunohistochemistry.

cohort were also described.

Expression and diagnostic function of AURKB in HCC

As per the results of the TCGA-LIHC cohort, the mRNA
expression level of AURKB was substantially upmodulated
in HCC tissues in contrast with the adjoining normal
liver (P<0.001, Figure 1A4). This result was confirmed in
the GSE14520 HCC cohort (Figure 1B). In addition, the
area under the curve (AUC) of AURKB in the TCGA-
LIHC and GSE14520 cohorts were 0.974 and 0.894
correspondingly, which showed a high expression of
AURKB had good diagnostic potential in HCC (Figure 1C).
Additionally, the protein expression of AURKB was

© Annals of Translational Medicine. All rights reserved.

evaluated by IHC staining of tissues from our hospital
HCC cohort, which allowed for the 262 HCC patients
to be categorized into two categories; an AURKB low-
expression (low-AURKB) (n=149) group and an AURKB
high-expression (high-AURKB) (n=113) group (Figure 1D).
These findings illustrate AURKB is considerably
upregulated in HCC and has good diagnostic potential.

Analysis of the relationship between clinical features and
the expression of AURKB in HCC

We next determined whether there was a link between the
expression of AURKB and the clinical features of HCC
patients. In our clinical samples (Tuble 2), both the low-
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Table 2 Correlation between AURKB and clinical characteristics in

HCC

Variables Low;A(;I;KKB, Highr;,?ll;/:l)I)RKB,

Age 0.121
<60 years 52 (34.9) 51 (45.1)
>60 years 97 (65.1) 62 (54.9)

Gender 0.149
Female 20 (13.4) 8 (7.08)
Male 129 (86.6) 105 (92.9)

TBIL 0.992
<17.1 pmol/L 128 (85.9) 98 (86.7)
>17.1 pmol/L 21 (14.1) 15 (13.3)

AST 0.187
<40 U/L 70 (47.0) 43 (38.1)
>40 U/L 79 (53.0) 70 (61.9)

ALT 0.360
<44 U/L 90 (60.4) 61 (54.0)
>44 U/L 59 (39.6) 52 (46.0)

HBV-DNA 0.649
<2,000 IU/mL 66 (44.3) 46 (40.7)
>2,000 IU/mL 83 (55.7) 67 (59.3)

Child-Pugh score 0.026
A 141 (94.6) 97 (85.8)
B/C 8 (5.37) 16 (14.2)

Edmondson-Steiner grade <0.001
-1 48 (32.2) 8 (7.08)
-1V 101 (67.8) 105 (92.9)

Tumor size 1.000
<5cm 69 (46.3) 52 (46.0)
>5 cm 80 (53.7) 61 (54.0)

Tumor number 1.000
1 111 (74.5) 84 (74.3)
>1 38 (25.5) 29 (25.7)

Liver cirrhosis 0.067
No 48 (32.2) 24 (21.2)
Yes 101 (67.8) 89 (78.8)

Table 2 (continued)
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Table 2 (continued)

Low-AURKB, High-AURKB,

Variables n (%) n (%)
AFP 0.648
<400 ng/mL 45 (30.2) 38 (33.6)
>400 ng/mL 104 (69.8) 75 (66.4)
MVI <0.001
No 101 (67.8) 38 (33.6)
Yes 48 (32.2) 75 (66.4)
Satellite lesions 0.511
No 38 (25.5) 24 (21.2)
Yes 111 (74.5) 89 (78.8)
Recurrence <0.001
No 89 (59.7) 26 (23.0)
Yes 60 (40.3) 87 (77.0)

AURKB, aurora kinase B; HCC, hepatocellular carcinoma; TBIL,
total bilirubin; AST, aspartate aminotransferase; ALT, alanine
aminotransferase; HBV-DNA, hepatitis B virus-DNA; AFP, alpha-
fetoprotein; MVI, microvascular invasion.

and high-expression groups did not vary significantly in
terms of gender, age, TBIL, AL'T, and AST levels, as well
as HBV-DNA. Low-AURKB group patients exhibited
a greater likelihood of having a lower Child-Pugh score
(P=0.026) and Edmondson-Steiner grade (P<0.001), while
those belonging to the AURKB-high group had a larger
probability to have a higher incidence of MVI as opposed
to patients in the AURKB-low group (P<0.001). However,
tumor size, tumor number, liver cirrhosis, AFP, and satellite
lesions showed no significant variation across the two
groups.

Prognostic value of AURKB in HCC

Further investigation into the prognostic significance of
AURKB in HCC was conducted by Kaplan-Meier analysis.
As per the findings, individuals with HCC who had an
elevated expression level of AURKB had an unfavorable
OS rate in the TCGA-LIHC cohort (P=0.007, Figure 2A),
and in the GSE14520 cohort (P=0.017, Figure 2B). These
findings were then verified using the information obtained
from our clinical samples (P<0.001, Figure 2C). In addition,
we found HCC patients with low-expression AURKB
exhibited substantially better RFS than high-expression
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Figure 2 Prognostic significance of AURKB in HCC. (A-C) Survival analysis of AURKB for OS in the TCGA-LIHC, GSE14520, and
our clinical samples, respectively. (D-F) Survival analysis of AURKB for RES in the TCGA-LIHC, GSE14520, and our clinical samples,
respectively. (G-I) Survival analysis of AURKB for OS predicated on the TNM stage in the TCGA-LIHC cohort. TCGA-LIHC, The
Cancer Genome Atlas-Liver Hepatocellular Carcinoma; AURKB, aurora kinase B; HCC, hepatocellular carcinoma; OS, over survival; RFS,
recurrence-free survival; TNM, tumor node metastasis; EHBH, Eastern Hepatobiliary Surgery Hospital of the Naval Medical University,
which is also known as Third Affiliated Hospital of Naval Military Medical University.

patients in the TCGA-LIHC and our clinical cohort,
while no significant variations were seen in the GSE14520
cohort (Figure 2D-2F). As HCC is heterogeneous, we
analyzed the prognostic significance of AURKB among
HCC patients with different tumor TNM stages, and the
findings illustrated elevated expression levels of AURKB
predicted an unfavorable OS in stages II and III but not in
stage I (Figure 2G-21). These results showed that AURKB
overexpression was considerably linked to dismal OS.

© Annals of Translational Medicine. All rights reserved.

Establishment of a nomogram for OS premised on AURKB

expression

Following adjustment for other prognostic markers,
univariate and multivariate Cox analyses revealed ALT,
HBV-DNA, tumor size, tumor number, MVI, Edmondson-
Steiner grade, and AURKB expression independently served
as indicators of poor OS in patients with HCC (Table 3).
We then developed a nomogram based on these risk factors.
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Table 3 Univariate and multivariate Cox regression analyses of AURKB in HCC

Univariate analysis

Multivariate analysis

Variables
HR (95% CI) P HR (95% Cl) P

Gender 1.26 (0.64-2.5) 0.500 1.00 (0.49-2.05) 0.993
Age 0.93 (0.64-1.36) 0.723 1.34 (0.89-2.02) 0.166
TBIL 0.89 (0.51-1.56) 0.685 0.95 (0.53-1.7) 0.874
ALT 1.21 (0.83-1.75) 0.317 1.65 (1.09-2.52) 0.019
AST 1.44 (0.99-2.11) 0.060 0.95 (0.63-1.44) 0.814
HBV-DNA 1.41 (0.97-2.07) 0.075 1.58 (1.03-2.43) 0.036
Child-Pugh score 2.02 (1.17-3.47) 0.012 1.54 (0.83-2.85) 0.170
AFP 1.55 (1.01-2.36) 0.043 1.13(0.7-1.83) 0.622
Tumor size 1.88 (1.28-2.76) 0.001 1.99 (1.3-3.04) 0.002
Tumor number 1.31 (0.87-1.96) 0.198 1.6 (1.04-2.48) 0.033
Satellite lesions 0.96 (0.63-1.48) 0.864 0.82 (0.51-1.33) 0.424
MVI 4.41 (2.93-6.65) <0.001 1.93 (1.2-3.11) 0.007
Edmondson-Steiner grade 10.83 (3.98-29.44) <0.001 5.58 (1.98-15.75) 0.001
Liver cirrhosis 1.06 (0.7-1.61) 0.783 0.77 (0.49-1.23) 0.276
AURKB 5.38 (3.54-8.17) <0.001 3.63 (2.24-5.86) <0.001

AURKB, aurora kinase B; HCC, hepatocellular carcinoma; TBIL, total bilirubin; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; HBV-DNA, hepatitis B virus-DNA; AFP, alpha-fetoprotein; MVI, microvascular invasion; HR, hazard ratio; Cl, confidence

interval.

Figure 34 demonstrates the Edmondson-Steiner grade
contributed more risk points (0-100) in contrast with
AURKB expression, which was in line with the outcomes
of the multivariate Cox regression analysis. The nomogram
for predicting OS had a C-index of 0.794, and at 1, 3, and
5 years, the AUC of the receiver operating characteristic
(ROCQ) curve for the HCC prognostic model was 0.813,
0.879, and 0.895, correspondingly (Figure 3B). As per the
calibration plots, performance of the prediction using the
nomogram was satisfactory in contrast with the likelihood
of HCC patient survival (Figure 3C).

Association between AURKB expression and immune
microenvironment

CIBERSORT was utilized for evaluation of the percentages
of 22 immune cells within the TCGA-LIHC cohort, which
allowed for assessment of the impact of AURKB on the
immune microenvironment. As displayed in Figure 44,
the infiltrating levels of naive B cells, M2 macrophages,
activated mast cells, and resting NK cells were decreased in
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the high-AURKB group, while MO macrophages, regulatory
T cells (Treg), T follicular helper cells (Tth), and resting
myeloid dendritic cells were increased. In addition, AURKB
had a significantly positive link to the expression of CD3D
(T cells marker) and CD8A (CD8" T cells marker), and no
significant association with CD4 (CD4" T cells marker)
and FOXP3 (Treg marker) (Figure 4B). The expression
was also significantly positive with the expression of CD68
(macrophage marker), CD86 (M1 macrophage marker), and
GZMB (cytotoxic marker), and negative with CD163 (M2
macrophage marker) (Figure 4C). Furthermore, analysis of
the link between the AURKB and immune checkpoints was
carried out to determine whether it could accurately predict
the outcome of immunotherapy treatments, and our data
showed its expression was positively linked to the expression
of PDCD1, CD274, LAG3, and CTLA4 (Figure 4D).

Determination of DEGs linked to AURKB and functional
analysis in HCC

As illustrated in Figure 54, we identified DEGs between the
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AURKB low- and high-expression categories in HCC, and
the results show 1,194 genes were substantially up-modulated
in the AURKB high-expression category and 502 genes were
remarkably down-modulated. Additionally, we explored
the potential biological processes and signaling pathways of
AURKB-related DEGs implicated in HCC. The molecular
functions of these DEGs revealed they were predominantly
involved in channel activity, monooxygenase activity, heme
binding, DNA helicase activity, oxidoreductase activity,
and steroid hydroxylase activity (Figure 5B). The results
of biological processes analysis illustrated predominant
enrichment of DEGs in chromosome segregation, nuclear
division, meiotic cell cycle, xenobiotic metabolic process,
and regulation of chromosome separation (Figure 5C).
Finally, KEGG pathway enrichment analysis illustrated
considerable enrichment of 20 signaling pathways including
the calcium signaling pathway, cell cycle, bile secretion,
retinol metabolism, tyrosine metabolism, drug metabolism-
cytochrome P450, and DNA replication (Figure 5D).

Discussion

Research suggests AURKB is an oncogene in gastric

© Annals of Translational Medicine. All rights reserved.

cancer, ccRCC, and lung adenocarcinoma, and is strongly
elevated in several other malignancies (10,30,31). However,
the predictive significance of AURKB and its possible
mechanism, have not yet been completely investigated in
HCC, particularly in terms of MVI and the TIME. Our
results showed the level of mRNA expression of AURKB
in HCC tissues was remarkably elevated as opposed to
normal liver tissue samples, and the early identification and
diagnosis of HCC patients are critical elements in their
overall therapy and prognosis. We also discovered AURKB
had a strong diagnostic performance for HCC, which
suggested it may be a new biological marker for the clinical
diagnosis of the disease.

Since the AURKB expression level was remarkably
elevated in HCC, we evaluated its clinical significance
by studying its association with clinical and pathological
parameters. Our findings highlighted AURKB expression
was linked to Child-Pugh score, MVI, Edmondson-Steiner
grade, and tumor recurrence in clinical samples but did not
associate with tumor size and tumor number. These results
suggested AURKB may affect the survival prognosis of
HCC through MVI and tumor recurrence. Recently, several
research reports confirmed MVI as a high-risk indicator
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for post-surgical recurrence and metastasis of HCC, and
that is has an important impact on long-term survival
prognosis (32,33). As invasion and metastasis are two of the
most important biological features of HCC, and because
the microvascular system is the primary pathway via which
HCC undergoes metastasis, MVI may be used to predict
the tendency of tumor metastasis. Patients diagnosed with
HCC who also had MVI exhibited a much more dismal

© Annals of Translational Medicine. All rights reserved.

prognosis in contrast with those who did not (34). We
discovered 46.9% (123/262) of patients in our clinical
samples had MVI, and these exhibited considerably elevated
expression levels of AURKB. In addition, the expression
of AURKB had a substantial correlation, not only with
the pathological grade, but also with the recurrence of
tumors. These data illustrate AURKB has important clinical
significance in HCC.
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We next determined the influence of AURKB expression on
the survival prognosis of HCC patients, and as per the findings
of our Kaplan-Meier analysis, those with elevated AURKB
expression levels exhibited considerably more unfavorable
RES and OS status. Nonetheless, additional subgroup analysis
illustrated that high-AURKB expression was an indicator of a
negative prognosis only for patients who were in the middle or
advanced stages of the disease and not those in the early stage.
We took into consideration the possibility that the analysis
was influenced by several additional prognostic indicators or
the small sample size. Subsequently, the findings of univariate
and multivariate Cox analysis illustrated ALT, HBV-DNA,
tumor size, tumor number, MVI, Edmondson-Steiner grade,
and AURKB expression were independent clinical factors of
OS in HCC. Finally, a nomogram was generated using data
on AURKB expression levels and other clinical risk factors
to predict the prognosis of HCC patients, and as per the
findings of our study, AURKB had significant predictive value,
demonstrating its potential for use as a novel biological marker.

Research has shown the TIME performs an essential
role in tumor onset and progression (35,36). It has been
hypothesized that immune cells infiltrating tumors have a
critical function in the tumor microenvironment (TME),
and our findings illustrated low-AURKB patients had
elevated levels of naive B cells, M2 macrophages, resting NK
cells, and activated mast cells when contrasted with high-
AURKB patients. Moreover, immunosuppressive Treg cells
were significantly up-regulated in high-AURKB patients.
Treg suppress the activities of CD4" and CD8" effector
T cells as well as NK cells via a variety of mechanisms
such as the release of immunosuppressive cytokines and
the synthesis of cytolytic proteins. Subsequently, we
also found AURKB was significantly positive with the
expression of CD8A (CD8" T cells marker), CD86 (M1
macrophage marker), and GZMB (cytotoxic marker), and
negative with CD163 (M2 macrophage marker). Finally,
we analyzed the potential of AURKB to make predictions
about immunotherapeutic responsiveness and performed
a correlation analysis between it and immune checkpoints.
Based on our findings, a positive link exists between the
levels of expression of AURKB and PDCD1, CD274,
CTLA4, and LAG3. These findings illustrated patients with
high-AURKB expression levels had a greater proportion
of immunosuppressive cells, which suppress anti-tumor
immune responses and results in a dismal prognosis.

In this study, we evaluated DEGs associated with AURKB
and discovered that 1,194 genes were substantially positively
related, and 502 genes were inversely related. We then
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conducted a functional enrichment analysis to elucidate the
molecular mechanisms of AURKB-related DEGs in HCC.
The outcomes of biological processes analysis showed a
predominant enrichment of these DEGs in the meiotic
cell cycle, chromosome segregation, xenobiotic metabolic
process, nuclear division, and regulation of chromosome
separation. As per the findings of the KEGG pathway
enrichment analysis, there were 20 substantially enriched
signaling pathways including the calcium signaling pathway,
bile secretion, cell cycle, retinol metabolism, tyrosine
metabolism, drug metabolism-cytochrome P450, and DNA
replication. It is important to better define the basic processes
through which AURKB enhances liver carcinogenesis in
the future, given there has been no study addressing the
carcinogenesis of AURKB through the previously mentioned
pathways in HCC until now.

In summary, a comparison of HCC tissues with normal
liver tissues revealed the expression level of AURKB was
considerably elevated in the former. Overexpression of
AURKB was associated with Edmondson-Steiner grade,
MVI, and HCC recurrence, and independently served
as a predictor of poor prognosis for HCC patients.
Furthermore, AURKB expression was significantly
associated with the immune microenvironment, especially
for CD8" T cells, macrophages, and immune checkpoints.
Finally, AURKB was notably related to DNA replication,
cell cycle, chromosome segregation, and nuclear division
in HCC. However, more research is required to elucidate
the function of AURKB at the molecular level and its
significance in HCC.
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