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Abstract

Introduction: The AURKA gene encodes a protein kinase involved in cell cycle
regulation and plays an oncogenic role in many cancers. The main objective of
this study is to analyze AURKA expression in 13 common cancers and its role in
prognostic and drug resistance.

Method: Using the cancer genome atlas (TCGA) as well as CCLE and GDSC
data, the level of AURKA gene expression and its role in prognosis and its associa-
tion with drug resistance were evaluated, respectively. In addition, the expression
level of AURKA was assessed in colorectal cancer (CRC) and gastric cancer (GC)
samples. Besides, using Gene Expression Omnibus (GEO) data, drugs that could
affect the expression level of this gene were also identified.

Results: The results indicated that the expression level of AURKA gene in 13
common cancers increased significantly compared to normal samples or it sur-
vived poorly (HR >1, p < 0.01) in lung, prostate, kidney, bladder, and uterine can-
cers. Also, the gene expression data showed increased expression in CRC and GC
samples compared to normal ones. The level of AURKA was significantly associ-
ated with the resistance to SB 505124, NU-7441, and irinotecan drugs (p < 0.01).
Eventually, GEO data showed that JQ1, actinomycin D1, and camptothecin could
reduce the expression of AURKA gene in different cancer cell lines (logFC < 1,
p <0.01).

Conclusion: Increased expression of AURKA is observed in prevalent cancers
and associated with poor prognostic and the development of drug resistance. In
addition, some chemotherapy drugs can reduce the expression of this gene.
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1 | INTRODUCTION

One of the biggest health problems in the world is cancer,
and based on estimates from the world health organiza-
tion (WHO), cancer is the first or second cause of death
before the age of 70 years.'™ Cancers can have many
forms based on the location and cell of origin, and they are
known to be genomic diseases. Scientists are faced with
variety of cancer challenges; however, tumor heterogene-
ity, which has the potential to be seen in the expression
level of genes, mutations, epigenetic, and microenviron-
ment, has been on the top of attentions.* Therefore, what
can help controlling, treating, and diagnosing cancers is
identifying key genes or the vital pathways among all sorts
of cancers.>®

AURKA is a serine/threonine kinase that is crucial
in controlling of mitosis progression, centrosome mat-
uration/separation, and mitotic spindle function.”” The
high expression of AURKA has been seen in many sorts
of cancers such as ovarian, liver, and colorectal ones
making some oncogenic factors like c-MYC, NF-kB, and
B-catenin active, and it could lead to chromosomal in-
stability.w’11 Besides, recent studies have mentioned that
AURKA probably takes part in cancer development and
progression as well as tumorigenesis.'*"* In fact, the high
level of AURKA leads to blockage of TP53 as a tumor
suppressor by phosphorylation at Ser215 and Ser315.'47¢
Actually, the indirect relation between the expression
level of TP53 and AURKA can promote carcinogenesis
and progression as a negative feedback.'”'®* Moreover,
previous studies have indicated that the overexpression
of AURKA in some cancers such as stomach, bladder,
and colorectal ones are in inverse relation to disease
prognosis.’**

Recent studies have indicated that AURKA can be
an excellent candidate for kinases inhibitors.*** Since
the overexpression of AURKA could stop apoptosis, and
promote cancer cell proliferation, the AURKA inhibitors
(AKIs) have the ability to inhibit the expression of this
gene so that the cancer cell would cease to spread and
migrate.”® As various studies have suggested that, some
AKIs have been utilized in preclinical and clinical stud-
ies.'” Some SNP polymorphisms could increase the risk
of cancer in individuals such as the AURKA rs2273535
polymorphism in breast cancer.” The expression level of
AURKA could be utilized in many cancers as a biomarker
that might detect some cancers at the beginning levels.*

Many studies have shown that the AURKA gene has an
oncogenic role in some cancers, but its expression in some
cancers remains unknown. Also, the relation between this
gene and drug sensitivity and resistance has not been eval-
uated, and drugs that affect the expression of this gene are
less known. In this study, using the cancer genome atlas
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(TCGA) data as well as colorectal cancer (CRC) and GC
samples, AURKA expression levels were examined in 13
common cancers. The role of this gene in resistance, drug
sensitivity, and drugs affecting was also investigated using
PharmacoDB and GEO data. The results revealed that the
AURKA expression level in all prevalent cancers increased
significantly compared to normal samples, and that it
was associated with a poor prognosis in part of cancers.
Besides, drugs affecting the expression of this gene were
evaluated and can be used in samples with high levels of
AURKA expression.

2 | MATERIALS AND METHODS

2.1 | Data acquisition

To analyze the expression level, mutation, and the rela-
tion of AURKA with clinical information, TCGA data were
utilized. Data processing was performed in accordance
with human rights protection and access to TCGA data
policies. Based on Table 1, the 13 cancers RNA-seq data
extracted from TCGA in HTseq-count format including
tumor and normal samples. The TCGAbiolinks packages
were utilized to process and prepare.?° The data were nor-
malized by edgeR and limma (Voom method) packages
which are able to trim some genes with a low level of ex-
pression, and afterward, the expression level of each gene
was brought into log2.”” These data were implemented to
analyze the expression level of genes, to correlate between
many items, and to associate in gene expression and prog-
nostic. DNA-Seq data from TCGA were used to evaluate
the mutation and the type of it in AURKA. In this regard,
MAF data for all 13 common cancers were downloaded
with Pipeline Mutect2.”® The maftools package was used
to display and calculate the type and frequency of muta-
tions in the AURKA gene.”

2.2 | Prognosis assessment

TCGA clinical data for 13 common cancers were uti-
lized to assess the relation of the expression of AURKA
with the prognosis. For this purpose, the latest update of
clinical data for each cancer sample was downloaded by
the TCGADbiolinks package. At first, in order to trim the
clinical data, NA data were eliminated. Then the patients
whose days of life were 1 or 0 were removed. At the begin-
ning, to assess the prognosis, normal samples were omit-
ted from the expression matrix, and the data were taken
in scale mode. In the next step, clinical data were added
for each sample and cox regression test was performed to
evaluate the association between AURKA expression and
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Number of normal samples

Number of tumor samples

TABLE 1 Information about 13 common cancers based on the TCGA database
Project ID Cancer name
BLCA Bladder urothelial carcinoma
BRCA Breast invasive carcinoma
COAD Colon adenocarcinoma
HNSC Head and neck squamous cell carcinoma
LIHC Liver hepatocellular carcinoma
KIRP Kidney renal papillary cell carcinoma
KIRC Kidney renal clear cell carcinoma
KICH Kidney chromophobe
LUSC Lung squamous cell carcinoma
LUAD Lung adenocarcinoma
STAD Stomach adenocarcinoma
PRAD Prostate adenocarcinoma
UCEC Uterine corpus endometrial carcinoma

patients’ prognosis. Finally, Kaplan-Meier test was per-
formed to approve the data.

2.3 | Expression network and
signal pathway, identification of drug
resistance and sensitivities

Using the expression network and GEO (gene expres-
sion omnibus) data, the pathway that the AURKA gene
can have an activity on is recognized. For this purpose,
all the genes that were commonly expressed in 13 com-
mon cancers were identified, and all data were integrated.
The SVA package was applied to remove Bach effects from
data integration.” Finally, the correlation test was used
for AURKA expression and all genes. Next, the genes with
a correlation coefficient of more than 0.7 (R > 0.7) and
a significance of less than 0.01 (p < 0.01) were selected
for expression network and to identify signaling pathway.
Also, the ClueGo application in Cytoscape was imple-
mented for data enrichment and drawing cross talk be-
tween identified pathways based on Reactome (https://
reactome.org) database. CCLE data (https://portals.broad
institute.org/ccle) and GDSC database (https://www.
cancerrxgene.org) for checking the role of AURKA in drug
resistance, sensitivity, and susceptibility were used by
PharmacoGx package. Meanwhile, processed data from
both databases were downloaded and studied to examine
the correlation of AURKA expression and IC50 of differ-
ent drugs. Besides, the GEO data were implemented to
verify the expression network data and to recognize the
drugs that are able to lower the level of the AURKA in all
types of cancers. To achieve this objective, using the key-
words AURKA, cancer, and treatment, the approved stud-
ies were selected. Then, raw data were downloaded and

19 414
113 1109
41 480
44 502
50 374
32 289
72 539
24 65
42 502
59 535
32 375
52 499
35 552

initial preprocessing including background correction,
data normalization, and data log2 transformation were
performed.

2.4 | Sample collection, RNA extraction,
cDNA synthesis, and RT-qPCR

This study was approved by the Biomedical Ethics
Committee of the Islamic Azad University of Tehran North
with the Ethics Code of IR.IAU.TNB.REC.1400.005. The
CRC samples including 30 tumor samples and 30 adjacent
normal samples, and also gastric cancer samples including
23 tumor samples and 23 adjacent normal samples were ob-
tained from the Tumor Bank of Iran. All samples were ap-
proved by a professional pathologist and collected with the
patient's consent, and they were kept in liquid nitrogen be-
fore use. Clinical information of these samples was shown
in Table 2. For total RNA extraction from samples, at first,
these tissues were washed three times with PBS to remove
contamination as well as necrotic cells. Then RNA extrac-
tion was performed with TRIzol (Sigma-Aldrich) kits, ac-
cording to the manufacturer's instruction. The extracted
RNA for each tissue was treated with DNase I to eliminate
possible DNA contamination. After that, cDNA synthesis
was performed by cDNA synthesis kit (Yekta Tajhiz, Iran)
based on original protocol for all samples. The AURKA and
CCNBI-specific primers were designed by NCBI (https://
www.ncbi.nlm.nih.gov/tools/primer-blast) which these
sequences are F: 5-TGTGCCTTAACCTCCCTATTC-3'
and R: 5'-AACCTTGCCTCCAGATTATGA-3’ for AURKA
and F: 5-TGCAGGCCAAAATGCCTATG-3’ and R:
5'-ACCAAAATAGGCTCAGGCGA-3’ for CCNBI. To as-
sessthelevel of expression, RT-qPCR was utilized with using
SYBR Green PCR Master Mix (Yekta Tajhiz), 10 pmol/ul of
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TABLE 2 Clinical information for CRC and GC samples

Number
Cancer name Characteristic (N = 30)
CRC Age
<50 9
>50 21
Gender
Male 18
Female 12
TNM stage
I 5
I 11
11T 9
v 5
Tumor size (cm)
<5 12
>5 18
GC Age
<50 8
>50 15
Gender
Male 9
Female 14
TNM stage
I 3
I 9
11 6
I\% 5
Tumor size (cm)
<5 16
>5 7

eachprimer,and 50ngcDNAinafinalvolumeof20ulforeach
reaction. GAPDH (F: 5-TGCCGCCTGGAGAAACC-3, R:
5'-TGAAGTCGCAGGAGACAACC-3") was considered as
an internal control. All measurements were carried out in
triplicate and data were analyzed by ACt method.™

2.5 | Statistics and software

All gene expression level data were performed in three
replications and displayed as +SD, and Wilcoxon test
was used to evaluate the significance of tumor samples
compared to normal ones. Mann-Whitney test was em-
ployed to evaluate the level of TCGA data expression. In
addition, Pearson correlation test was used to identify
the correlation of genes with AURKA. Log-rank test was
employed to make an assessment of the association of
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AURKA expression with patients’ prognosis. Significance
level in all statistical tests of this study was considered
less than 0.01 (p < 0.01). In this study, Cytoscape (v 3.7),
R programming language (V 4.2.1), and GraphPad Prism
(v 3.8) were used.

3 | RESULTS
3.1 | Pan-cancer: Increased AURKA
expression level in common cancers

Since the expression level of the AURKA gene has not
been exactly determined in some types of cancers yet, the
RNA-seq data in the TCGA database were employed to
evaluate the expression of AURKA in the 13 most preva-
lent cancers. The AURKA expression levels in all com-
mon cancers including bladder (BLCA), breast (BRCA),
colorectal (COAD), head and neck (HNSC), liver (LIHC),
some types of kidney (KIRP, KIRC, and KICH), various
types of lung (LUSC and LUAD), gastric (STAD), pros-
tate (PRAD), and uterine (UCEC) increased significantly
compared to normal samples of each cancer (Figure 1A-
M, p < 0.001). Furthermore, the similar results obtained
when the expression level of AURKA was assessed in
the pair samples (Figure S1, p < 0.001). The evaluation
of AURKA transcription level in CRC and GC samples
using RT-qPCR was used to confirm the TCGA data. The
results showed that the expression level of the AURKA
in CRC (Figure 1N) and GC (Figure 10) samples dou-
bled compared to adjacent normal samples (p < 0.01).
Furthermore, ROC diagrams for this gene revealed that
AURKA expression level could be an excellent biomarker
for separating cancer cells from normal cells (Figure 2,
p < 0.001). These results suggested that this gene took
part in the onset and progression of prevalent cancer and
might be a suitable therapeutic target for many types of
cancers.

3.2 | Involvement of AURKA in cell
cycle signaling and TP53 pathways in
prevalent cancers

A co-expression network was used to identify the path-
ways in which AURKA could be involved. All available
RNA-seq data for all 13 common cancers (TCGA data)
were merged to achieve the expression of 21,543 genes
in 6850 cancers and normal samples. A correlation
test was taken between AURKA expression level and
all genes, and AURKA-related genes were displayed in
Figure 3A (R > 0.7, p < 0.01). Based on gene enrich-
ment results, the AURKA gene was associated with
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FIGURE 1 AURKA indicated significant upregulation in prevalent cancers compared to normal tissue. (A-M) The expression levels of
AURKA in 13 prevalent cancers are shown based on TCGA data. The normalized data and logarithmic scale based on 2 were used to draw
graphs. (N-O) RT-qPCR data are shown for CRC and GC specimens. Relative expression levels were shown according to 27", Data were

presented as means + SD of three independent replicates of experiments (****p < 0.0001, ***p < 0.001, **p < 0.01)

genes that regulate the cell cycle pathway as well as the
p53 pathway (Figure 3B). To confirm the obtained out-
comes from the co-expression network, the expression
level of CCNBI that it was in the co-expression network

(Figure 3A, blue node) and involved in the cell cycle and
p53 pathways was evaluated in CRC and GC samples.
The results indicated that the level of CCNB1 was up-
regulated in CRC and GC samples compared to normal
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FIGURE 2 AURKA expression level can be recognized as an excellent biomarker for detecting cancer specimens. The AURKA level in
normal and cancerous samples was used for ROC analysis based on TCGA data. AUC greater than 0.9 is known as excellent biomarkers

adjacent samples (Figure 3C). Moreover, the correlation
test results between the levels of AURKA with CCNBI in-
dicated the strong and significant association in all sam-
ples (Figure 3C). In fact, mentioned results confirm the
obtained co-expression network. Also, the study with ac-
cess number GSE57931 was used to verify the results. This
study showed the overexpression of AURKA in MCF-10A
cancer cell line, and the change of transcriptome have
been evaluated (RNA-seq analysis). The outcomes of this
study indicated that increasing AURKA level was associ-
ated with the increase in the expression level of genes

involved in the cell cycle (Figure 3D). These data rec-
ommended that AURKA plays a vital role in the growth
and division of cancer cells. The mutation data for all 13
common cancers indicated that the AURKA gene had a
variety of mutations in various cancer samples, and the
percentage of SNP mutations was more than other types
(Figure 3E). Examination of mutations showed that most
of the SNPs in this gene were new, and none of which
was more abundant. These results also indicated that
AURKA might play a role in cancer cells, cell prolifera-
tion, and mutation in cancer.

FIGURE 3 AURKA isinvolved in the cell cycle and tp53 signal pathway. (A) The co-expression network is shown for all genes that
have significant correlation with AURKA. (B) The enrichment results shown for all genes in co-expression network. ClueGo application
in Cytoscape was used for enrichment based on Reactome database. (C) CCNB1 expression is shown in CRC and GC samples compared
to normal adjacent samples. Also, the co-expression between AURKA and CCNBI levels in CRC and GC samples is indicated. (D) The

enrichment results of genes affected by changes in AURKA expression are shown in GSE57931. (E) The frequency and different types of
AURKA gene mutations are shown for all 13 common cancers based on TCGA data
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3.3 | The expression level of AURKA as a
prognostic biomarker in some cancer types

The expression matrix of each cancer and the clinical
information of each patient were utilized to analyze
the relation between the level of AURKA and progno-
sis in prevalent cancers. The cox regression test out-
comes (Table 3) indicated that increased expression
of AURKA gene was associated with a poor prognosis
in the bladder (BLCA), kidney (KIRC), liver (LIHC),
lung (LUAD), prostate (PAAD), and uterine cancer
(UCEC). Kaplan-Meier analysis was used to confirm
the results of Table 3, in these cancers, it also showed
that the increased levels of the AURKA gene expression
were associated with a poor prognosis in these cancers
(Figure 4). These data proposed that the AURKA gene
could be an excellent prognostic biomarker in a num-
ber of cancers.

3.4 | Association of AURKA expression
level with drug resistance and sensitivity
based on in silico study

In order to obtain a proper assessment, the role of AURKA
expression in drug resistance and sensitivity, GDSC and
CCLE data were used (Section 2). Our results indicated
that, the high level of AURKA has a correlation with in-
creasing drug resistance to SB 505124, NU-7441, and iri-
notecan drugs (Table 4). On the other hand, increasing
the expression of AURKA can lead to sensitivity to dab-
rafenib and nutlin drugs (Table 4). To make sure of these
results and visualizing, expression data and IC50 levels
of all available drugs for all cell lines were extracted from
GDSC and CCLE databases. Then Pearson correlation test
was utilized between the AURKA expression level and
IC50 of the mentioned drugs. Interestingly, previous re-
sults were also confirmed using this method as shown in

TABLE 3 The cox regression test
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Figure 5A-E (p < 0.01). The transcription level of AURKA
can participate in resistance and sensitivity to some com-
mon chemotherapy drugs.

3.5 | Reduction of AURKA expression

in presence of JQ1, Actinomycin D, and
Camptothecin in some types of cell cancers
with a poor prognosis for this gene

The data in the GEO database were used to assess drug
effects on AURKA level and lead to AURKA downregu-
lation. This analysis showed that JQ1, actinomycin D,
and camptothecin had the greatest effect on the decreas-
ing expression in the liver, lung, and uterine cancer cell
lines, respectively (Figure 6A-C, p < 0.001). Lapatinib
also had a marked influence on reducing the AURKA ex-
pression in the breast cancer cell line compared to other
drugs (Figure 6D-G, p < 0.001). Also, the results of other
drugs on different cell lines were shown (Figure 6H and
I, p < 0.001). Moreover, all genes that showed altered ex-
pression in the presence of drugs were summarized in
Table S1, briefly. Our findings mentioned that these drugs
could be good candidates to lower the expression level of
the AURKA gene in various cancer samples.

4 | DISCUSSION

One of the most important elements in cancer studies is
changing the level of genes expression in many types of
cancers. Having a crucial role in the normal cells, some
key genes altered by many items like a mutation that helps
cancer cells growth. As some studies have shown that the
expression level of the AURKA gene increased in many
cancer cells including stomach, liver, colorectal, ovarian,
breast, lung, bladder, head and neck, and prostate can-
cers.>>* In fact, what was achieved from our result was

Hazard HR lower-
results between AURKA expression and . Wi
. . Cancer name Beta ratio(HR) Log-rank -HR upper
patient survival
Bladder urothelial carcinoma (BLCA) 0.30 1.36 0.018 1.12-1.76
Kidney renal clear cell carcinoma 0.57 1.76 0.000001 1.51-2.07
(KIRC)
Liver hepatocellular carcinoma (LIHC)  0.34 1.41 0.008 1.1-1.82
Lung adenocarcinoma (LUAD) 0.32 1.38 0.001 1.13-1.7
Pancreatic adenocarcinoma (PAAD) 0.44 1.56 0.0007 1.21-2.02
Uterine corpus endometrial carcinoma  0.47 1.6 0.001 1.19-2.15

(UCEC)
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FIGURE 4 Increased AURKA expression is associated with poor survival in some cancers. The Kaplan-Meier for the effect of AURKA

expression on the survival of patients with various cancers is shown based on clinical TCGA data. The scale data (z-score) for each patient

were used for analysis, and patients whose AURKA gene expression was one unit higher than the mean were considered as a high expression

group

TABLE 4 Results of resistance and sensitivity in relation to
AURKA expression based on PharmacoDB package analysis

Drug Degrees of
Source  name Estimate freedom FDR
GDSC SB 505124 0.38 32 0.02
NU-7441 0.57 28 0.0008
Dabrafenib ~ —0.18 487 0.0004
Nutlin —-0.19 493 0.0003
CCLE Irinotecan 0.17 286 0.01

that the expression level of AURKA could be upregulated
in stomach, colorectal, liver, ovarian, bladder, prostate,
head and neck, lung, kidney, and lung cancers. Our data
suggested that the high expression level of AURKA in
all types of kidney cancers might be considered as a car-
cinogenesis factor that could inhibit apoptosis function.
Therefore, the AURKA gene contributes in mitotic spindle
formation, aneuploidy, and malignant transformation the
high level of which could be strongly associated with car-
cinogenesis and cancer development.'**3*

Based on a previous study, the high level of AURKA
has been associated with clinical information such as
tumor stage, lymph node, but not with gender, age, and
race.’® Therefore, the aberrant level of AURKA could be

mediating the molecular mechanisms underlying tumori-
genesis.*>”° AURKA might operate as an oncogene during
the tumor progression by activating centrosome ampli-
fication and genomic instability.””” Having a role in cell
cycle, AURKA polymorphisms have a significant effect
on cancers.*>*® Although many AURKA polymorphisms
were reported in previous studies, just some of which
might indicate profound relation between these mutations
and cancers.>®3° Meanwhile, other recent studies showed
that AURKA gene polymorphisms have a complete con-
nection with increasing the risk of some cancers like liver
and breast.* For instance, previous studies showed that
Polymorphism rs1047972 in the AURKA gene raises the
level of liver cancer risk in spite of not having significant
relation with bladder cancer risk.”****' Besides, our bio-
informatics data showed that most mutations in this gene
are categorized as SNPs that are likely to be new. In con-
clusion, our pan-cancer outcomes suggested that some
new unknown mutations in AURKA could be discovered
in many types of cancers.

AURKA gene has an important role in G2/M phase
of cell division, and p53 is a key gene in suppressing tu-
mors.* In normal cells, AURKA'’s function is to switch p53
off by phosphorylating Ser215 and Ser315,** and it can
inactivate p73 pro-apoptotic functions.**** Although de-
activating tumor suppressors is a part of usual AURKA du-
ties, it could raise cancer cells by permitting them to evade



MIRALAEI ET AL. ) 6437
Cancer Medicine _ J_
WILEY
(A) (®) ©
13, R=0.24
o ¥ R=051 o ] R=064 i P=0.006
5o P=0.002 || S® 12| P=0.003 §3 12
% 5 12 5 & ® O
0 0
g ||||||||l||||||l||\|\IIIII\IIII 26 4, il 8%
Sg 10 ‘e |un""'“"""'"HHHIIIIIIIII[IIIIliiii|||||||||||||| S 10 ll“'"""“lll1ll“}IIm”lw"""”"l"” §§
X 2 e ,,,..m::::::f‘;‘}Hhunlnllllllll\llll X N * ,,“...p-"-""::H::H”ﬂ{""'"‘"if"""“' 5% 10
S of o g . . 83
o2 8 ® o i o g
3 < ° 3 < gl e -y
"6 ® o o '06 ® 8
6 7
0.0 0.2 0.4 0.6 0.8 0 10 20 30 40 gz B 4% 8 W

IC50 (SB 505124)

(D)
151 R=-0.21

Log2 expression
of AURKA in GDSC

-
o
=]
-

0.2 0.3 0.4 0.5
IC50 (Nutlin)

IC50 (NU-7441)

IC50 (Irinotecan)

(E)

15 =-0.29
P<0.0001
L ]

Log2 expression
of AURKA in GDSC

IC50 (Dabrafenib)
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apoptosis.**** AURKA overexpression might participate in
progressing cancers by blocking DNA damage repair.** As
a result, this could be considered as an inverse connection
between the high abnormal level of the AURKA gene and
the low level of tumor suppressor proteins such as p53 and
p71 that in this case, both of which are no longer able to
induce apoptosis. In addition, our results indicated that
the expression level of AURKA has correlation with the
increasing expression level of genes that function in cell
cycle. In doing so, based on our outcomes and other stud-
ies data, the AURKA gene probably has an effect on pro-
gressing and developing a cancer cell.

Furthermore, recent reports have mentioned that
AURKA might have the potential to be considered as a
therapeutic target in many types of cancers.***’ Some
valuable AKIs have been identified for cancer therapy
both in vitro and in vivo.2>* For instance, MLN8237 has
been indicated that it could inhibit cell proliferation by
damaging mitosis.*** In fact, it makes autophagy and cell
cycle arrest active and induce cell apoptosis.”® The high
expression of AURKA could activate oncogenic factors
such as c-MYC, NF-kB, and f-catenin.'® In normal cells,
c-Myc expression can induce apoptosis indirectly, and on
the contrary, the high level of c-Myc in aberrant cells like
uterine cancer could inhibit apoptosis and develop can-
cer cells.”’>* Recent studies indicated that some types of
c-Myc inhibitors like JQ1 could succeed in stopping cell
proliferation in some types of cancers such as lung and

uterine.”** Therefore, the c-Myc inhibitors could reduce
the level of AURKA in cancers, and c-Myc might be con-
sidered as a therapeutic target.”®>’ Based on our bioinfor-
matics data, JQI, actinomycin D1, camptothecin drugs
decreased the expression level of AURKA in some kinds
of cancers. Furthermore, lapatinib was able to lower the
level of AURKA in breast cancer. Eventually, our outcomes
showed that some drugs might be able to lower the level of
AURKA in various cancers.

In addition to what has been mentioned about the
expression level of AURKA whose overexpression could
raise drug resistance and has a correlation with poor
prognosis.® In fact, our results showed that the high
level of AURKA might have an influence on the overall
survival of many types of cancer patients like breast, kid-
ney, liver, lung, prostate, and uterine.”® As some studies
mentioned the overexpression of this gene has an inverse
correlation with survival such as lung and bladder can-
cers.® Recent studies showed that, the level of AURKA
could be an independent prognostic factor for some types
of cancers.®' Previous studies indicated that the high level
of this gene was vital for tumorigenic capacity and drug
resistance in some cancers like breast, lung, and stom-
ach, the way our data showed the connection between
the level of AURKA and drug resistance.**** Our results
indicated that the high level of AURKA has a correlation
with increasing resistance to SB 505124, NU-7441, irino-
tecan drugs, and meanwhile, this high expression has
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been associated with sensitivity to dabrafenib and nutlin.
In doing so, these outcomes suggest that the relation be-
tween these drug resistance or sensitivity and the level of
AURKA could be considered as an effective item to im-
prove chemotherapy. Of course, this suggestion requires
laboratory approval using cancer cell lines (high AURKA
level vs low AURKA level) under commercial available
molecules treatment.

5 | CONCLUSION

Since the AURKA participates in the cell cycle and some
signaling pathways in normal cells, the aberrant level of
this gene can play an important role in many types of
cancers. The abnormal expression level of AURKA corre-
lates with some factors which could develop cancer cells.
Although the high level of AURKA could be approved as
a biomarker, it might make cancer patients show poor
survival.
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in the Supporting Information section.
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