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Aurora kinase B (AURKB) is a mitotic serine/threonine protein kinase that belongs to the aurora kinase family along with
aurora kinase A (AURKA) and aurora kinase C (AURKC). AURKB is a member of the chromosomal passenger protein
complex and plays a role in cell cycle progression.
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| 1. Introduction

Aurora kinases (AURKS) are protein serine/threonine kinases consisting of three members in the gene family—aurora
kinase A (AURKA), aurora kinase B (AURKB) and aurora kinase C (AURKC) [, AURKs are critical regulators of the cell
cycle, with AURKA and AURKB playing a key function in mitosis X, whereas AURKC has a significant role in
gametogenesis 2Bl AURKs have three different domains, of which the kinase domain shares a high degree of homology
among all the members ¥l The functions of AURKs are well-defined by their localization and spatio-temporal expression
BBl and also the sequence differences in their N-terminal region [4. Overexpression of AURKs in tumors has been shown to
trigger aneuploidy and genomic instability [ that leads to tumor development, invasion and metastasis. AURKA and its
functions have been widely investigated and several reviews were authored to highlight its importance in cancer 8. The
role of AURKC in cancer is not completely understood and needs further investigations. This review focuses on AURKB, a
potential drug target from the AURK gene family.

Aurora kinase B is encoded by the AURKB gene located on chromosome 17 and is also known by other names including
AIK2, AIM1, ARK2, AIRK2, IPL1, STK1, STK5 and STK12. AURKB along with other AURKs plays a vital role in the
regulation of cell cycle. Phosphorylation of histone H3 by aurora kinases is essential for chromosome segregation during
cell division. Both AURKA and AURKB have been shown to phosphorylate histone H3 [, The role of elevated AURKB in
increasing the phosphorylation of histone H3 on Ser10 and aneuploidy has been elucidated in studies involving Chinese
hamster embryo cells exogenously overexpressing AURKB. The function of AURKB in transformation was further
demonstrated in vivo by injecting these AURKB overexpressing cells into BALB/c nu/nu mice 29, Induced AURKB
expression is also linked to tumorigenesis mediated by H-Ras (L1,

| 2. Structure and Function of AURKB

AURKB, similar to other members of the aurora kinase gene family, is composed of three domains: (i) N-terminal domain,
(i) kinase domain, and (iii) C—terminal domain 2. The kinase domain or catalytic domain is highly conserved between all
the three members of the aurora family, whereas the N-terminal domain shows a varied degree of sequence dissimilarity
that provides selectivity for protein-protein interactions. The kinase domain in AURKB is composed of a (-stranded lobe
on the N-terminal side and an a-helical lobe on the C-terminal side. These two lobes are connected together by a hinge
region, which permits active kinase conformation 8. The C-terminal lobe of the kinase domain contains the catalytic T-
loop whose auto-phosphorylation at Thr232 results in AURKB activation. AURKB contains three types of degrons; KEN
motif, D-box and DAD/A box that are thought to mediate its degradation. The catalytic domain contains D-boxes (reviewed
in 14). The non-catalytic N-terminal domain has a KEN motif and a DAD/A box, whereas the C-terminal domain has a D-
box. However, Nguyen et al., has showed that only N-terminal KEN and DAD/A boxes are responsible for AURKB
degradation 12 (Figure 1a).
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Figure 1. (a) Domain structure of AURKB showing catalytic and non-catalytic domains 241281, (b) Functions of AURKB in
normal cells and cancer cells [El14],

The binding of E2F1, E2F4, FoxM1 and DP-2 to the AURKB promoter transcriptionally regulates AURKB. These
transcription factors bind to the cell cycle-dependent element (CDE) and cell cycle gene homology region (CHR) located
up-stream of the transcription start-site (Eigure 1b; reviewed in 4). AURKB is an essential member of the chromosomal
passenger complex (CPC) which additionally includes INCENP, survivin and borealin 118 AURKB is located on the
chromatin before the onset of mitosis and promotes chromosome condensation by the phosphorylation of histone H3 and
centrosome protein A (CENP-A) 9. In pro-metaphase, AURKB, as part of the CPC, moves towards the kinetochores and
is associated with repairing faulty spindle kinetochore attachments (spindle assembly checkpoint) 24, AURKB ensures
adequate alignment and segregation of sister chromatids and relocates to the microtubules during the transition from
metaphase to anaphase 2. AURKB regulates the distribution of Kif-2A and limits Kif-2A-controlled depolymerization of
microtubules, thereby, mediating microtubule formation and functioning 2. AURKB has also been implicated in
cytokinesis, explained by its presence at the mid-body during telophase [231(241125],

| 3. Deregulation of AURKB in Cancer

Drawing parallels with the functions of AURKB in mitosis, it is anticipated that alterations of AURKB either as amplification
or overexpression could provide a proliferative advantage to cancer cells (Figure 1b). In fact, its role in tumor cell

transformation was clarified by overexpressing AURKB in murine epithelial cells. When these AURKB overexpressing
cells were injected into nude mice, formation of mammary epithelial tumors was observed along with amplifications and
deletions of DNA isolated from these mouse mammary tumors 28, Over the years, aberrant AURKB expression has been
reported in a variety of malignancies including human seminoma 24, and thyroid carcinoma 28, Using mRNA expression
analysis Smith et al., found that AURKB expression is markedly elevated in non-small cell lung carcinoma (NSCLC) in
comparison to matched untransformed lung tissues. This study also showed that AURKB overexpression led to poor
progression free survival, however overall survival was not affected 22, In contrast to this finding, a study by Vischioni et
al., has found that AURKB expression is significantly associated with older age at diagnosis and reduced overall survival
in adenocarcinoma subtype of NSCLC 9, |ikewise, AURKB was found to be induced in the squamous carcinoma
subtype of NSCLC and the expression level of AURKB also served as a marker for resistance to paclitaxel, a drug
commonly used in the treatment of NSCLC BY. Similar to NSCLC, metastatic colorectal cancer patients lived significantly
shorter when they had high levels of AURKB expression in their tumor tissues 22 and the publicly available databases
further showed that increased AURKB expression also correlated significantly with reduced survival in breast cancer
patients (81, AURKB expression has been identified as a prognostic biomarker in glioblastoma B4, gastric cancer 2 and
oral cancer 2837381 AURKB overexpression was found to be increased in prostate cancer tissues compared to healthy
controls B3, Hepatocellular carcinoma tissues also showed significantly elevated mRNA expression of AURKB compared
to paired healthy liver tissues and was found to be an independent prognostic marker for tumor invasiveness and
prognosis 9. Pediatric acute lymphoblastic leukemia and acute myeloid leukemia (AML) exhibited high levels of both
AURKA and AURKB compared to control bone marrow mononuclear cells; however, the inhibition of AURKB alone
resulted in apoptosis suggesting that AURKB is a putative drug target but not AURKA in these hematologic malignancies
(41 Recently, we have shown that AURKB is overexpressed in retinoblastoma compared to adjacent healthy retina and its



expression significantly correlated with histological risk factors such as optic nerve and anterior chamber invasion 42,
Additionally, we have retrieved expression data of AURKB from Gene Expression Profiling Interactive Analysis (GEPIA)
database 3! for a variety of cancers and compared it to their respective normal tissue counterparts (Figure 2). The above
studies demonstrating the overexpression of AURKB in tumors compared to their non-cancerous counterpart tissues
suggest the possible therapeutic targeting of AURKB in tumors.
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Figure 2. Median expression of AURKB in a variety of tumors and their respective normal tissues. The data has been
retrieved from GEPIA ¥3 ACC—Adrenocortical carcinoma, BLCA—Bladder Urothelial Carcinoma, BRCA—Breast
invasive carcinoma, CESC—Cervical squamous cell carcinoma and endocervical adenocarcinoma, CHOL—Cholangio
carcinoma, COAD—Colon adenocarcinoma, DLBC—Lymphoid Neoplasm Diffuse Large B-cell Lymphoma, ESCA—
Esophageal carcinoma, GBM—Glioblastoma multiforme, HNSC—Head and Neck squamous cell carcinoma, KICH—
Kidney Chromophobe, KIRC—Kidney renal clear cell carcinoma, KIRP—Kidney renal papillary cell carcinoma, LGG—
Brain Lower Grade Glioma, LIHC—Liver hepatocellular carcinoma, LUAD—Lung adenocarcinoma, LUSC—Lung
squamous cell carcinoma, OV—Ovarian serous cystadenocarcinoma, PAAD—Pancreatic adenocarcinoma, PCPG—
Pheochromocytoma and Paraganglioma, PRAD—Prostate adenocarcinoma, READ—Rectum adenocarcinoma, SARC—
Sarcoma, SKCM —Skin Cutaneous Melanoma, STAD—Stomach adenocarcinoma, TGCT—Testicular Germ Cell Tumors,
THCA—Thyroid carcinoma, THYM—Thymoma, UCEC—Uterine Corpus Endometrial Carcinoma, UCS—Uterine
Carcinosarcoma.

| 4. Targeting AURKB in cancer

Deregulated expression of AURKSs is increasingly viewed as a potential drug target. AURKs are successfully inhibited in
several preclinical cell line and animal models. A variety of small molecule inhibitors to target AURKs have been
developed and are in different phases of clinical trials. The development of AURKA inhibitors and their progress has been
described recently. The possibility of targeting AURKB has gained momentum during last few years.

Taking into account that the members of the aurora kinase family have very high homology in the kinase domain, most
small molecule inhibitors developed against aurora kinases have overlapping inhibitory activity. Despite this, pioneering
collaborations between industry and academia led to the development of Hesperadin and ZM447439, the former being
predominantly selective for AURKB. ZM447439 was further modified to develop AZD1152. Most of the inhibitors were
synthesized with an aim to improve therapy, but over the years, they have been extensively used to understand the varied
functions and complex regulations mediated by AURKB.
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