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Introduction

There is considerable interest in targeting Aurora kinase
B (AURKB) for small cell lung cancer (SCLC) treatment.
Previous studies suggested the mutation statuses of tumor
suppressors RB and p53, and the amplification status of
MYC, alone could be used to identify SCLC tumors that
would respond to AURKB inhibitors. A recent study by
Ramkumar ez 4/. challenges this notion and identifies BCL2
as a predictive marker and target to enhance AURKB
inhibitor sensitivity in SCLC (1).

Background

SCLC accounts for ~15% of all lung cancer cases. This is
an aggressive cancer sub-type with few treatment options
and an exceedingly poor prognosis. The majority of
SCLCs are diagnosed at an extensive stage (2). Standard
systemic therapy for these patients involves platinum-based
chemotherapy. Median survival times with this standard
treatment are only 9-11 months with a 2-year survival
rate of less than 5% (3). The introduction of immune
checkpoint inhibitors has shown promise at improving
SCLC patient survival in recent years (2). Nonetheless,
the overall prognosis remains grim. Unlike non-SCLCs
(NSCLCs) that in many cases can be treated with targeted
agents, such as anti-EGFR compounds in EGFR-positive
tumors, the availability of targeted agents for SCLC is
limited. New targeted approaches are needed to improve
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outcomes in SCLC.

The Aurora kinases have emerged as therapy targets for
SCLC. There are three aurora kinase family members: A, B,
and C (4). AURKC expression is restricted to gametes where
it regulates meiosis. In contrast, AURKA and AURKB are
widely expressed and play critical roles in regulating mitosis.
AURKA associates with the spindle poles where it regulates
centrosome maturation and spindle assembly and entry into
mitosis. In contrast, AURKB localizes at the kinetochore as
part of the chromosome passenger complex where it does
two things: first, it helps correct improper chromosome-
spindle attachments as part of an error-correction process.
Second, when spindles are detached from chromosomes,
AURKB helps activate the spindle assembly checkpoint
to block mitosis (5). Thus, inhibiting these kinases would
be expected to disrupt central processes in mitosis and be
toxic. High expressions of AURKA and/or AURKB are
observed in multiple cancers and associated with poor
patient outcomes, supporting that these kinases could be
valuable targets for cancer treatment (6). A number of
AURK inhibitors have been developed and tested in early
clinical trials. However, most of these trials were halted
due to bone marrow toxicity and poor clinical response.
Some inhibitors targeted both A and B without specificity,
and combined inhibition of both could contribute to at
least some of the associated toxicity. AURKB seems a more
promising drug target since AURKB inhibition causes
mitotic slippage, catastrophic mitosis, and cell death, while
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AURKA inhibition is more associated with proliferation
arrest (7). Thus, new inhibitors with heightened specificity,
particularly for AURKB, have come to the fore in recent
years. A number of clinical trials have been initiated with
AURKB inhibitors, mostly for hematologic cancers but also
some for solid tumors, including SCLC (6).

RB loss can render SCLCs sensitive to AURKB
inhibitors

Certain molecular features of SCLCs may render them
particularly sensitive to AURKB inhibitors. Nearly all (90-
100%) SCLC tumors harbor loss-of-function alterations
in the tumor suppressors RB and p53 (8). Approximately
20% of SCLCs have genomic amplification of a MYC-
family oncogene (9). Oser and colleagues carried out a
screen for genes in SCLC cells that when deleted caused
toxicity specifically in cells that lacked RB, but not in cells
with RB intact (10). The AURKB gene was identified in this
screen, as were genes encoding proteins that interact with
or function with AURKB, including components of the
chromosome passenger complex. These findings suggested
RB-deficient/mutated SCLC cells could be targeted by
AURKB inhibitors, which they verified in cell lines and in
xenograft and PDX tumor studies.

How might RB deficiency sensitize SCLC to AURKB
inhibitors? RB-deficient cells have high levels of
chromosome instability (CIN) (11). This is believed to
be due to decreased H4K20 histone methylation in peri-
centromeres which, in turn, decreases cohesin binding
to chromosomes (11,12). The H4K20 methylation
is mediated by SUV420H histone methyltransferase
proteins. RB interacts with SUV420H, and the defects
in histone methylation, cohesin binding, and CIN are
reversed by overexpression of SUV420H in RB-deficient
cells (11,13). Importantly, a recent study showed that
AURKSB is recruited to kinetochores when SUV420H is
inhibited and, at kinetochores, helps prevent chromosome
misalignments and missegregations (14). Lastly, RB loss
increases activity of the transcription factor E2F1, which
promotes AURKB gene expression (15). Thus, a model
emerges in which RB loss decreases SUV420H activity and
renders cells dependent on AURKB to maintain normal
chromosome alignments (Figure 1A). Inhibition of AURKB
in this RB-deficient setting results in toxic chromosome
missegregations and cell death.
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p53 deficient or mutated cells are
hyper-sensitive to AURKB inhibitors

Studies by the Poon lab and others showed p53-deficiency
renders cells especially sensitive to AURKB inhibition (7).
How might p53 deficiency sensitize SCLC cells to AURKB
inhibitors? p53 and AURKB function in a negative feedback
loop that involves pRB-E2F1 and MDM2. Thus, E2F1
promotes AURKB gene expression (15). We showed
that p53 represses expression of AURKB, AURKA, and
other E2F1-responsive Aurora kinase pathway genes by
promoting formation of transcription repressor complexes
that include RB family proteins (so-called DREAM-
complexes) (16). These DREAM complexes bind E2F1 and
repress expression of E2F1 target genes. At the same time,
AURKSB is reported to phosphorylate p53, which increases
p53 degradation by MDM2 (17). AURKB inhibition can
cause chromosome misalignments and inhibit activation
of the spindle assembly checkpoint, while also stabilizing
and activating wild-type p53 (7). Activated p53 can then
promote protective cell cycle arrests, including a tetraploid
GI1 arrest (4N arrest) in G2/M phase cells that blocks these
cells from proceeding into mitosis with deficient spindle-
chromosome attachments or misaligned chromosomes
(18,19). In contrast, p5S3-mutant or deleted cells proceed
with mitosis when AURKB is inhibited, followed by
a failure of cytokinesis, mitotic slippage, and whole
chromosome duplications that ultimately result in apoptosis
and cell death when these hyperploid and aneuploid cells
attempt to divide (7) (Figure 1B).

MYC amplification sensitizes SCLC cells to
AURKB inhibitors

Amplification of MYC family genes (MYC, MYCL, MYCN)
is observed in ~20% of SCLC tumors and associated with
poor prognosis (9). Mollaoglu et 4l. established a mouse
model of SCLC with transgenic expression of a stable MYC
T58A mutant in a p53- and RB-deficient background (20).
These mice developed SCLC that was metastatic and that,
like the human condition, responded to initial chemotherapy
treatment followed by rapid tumor recurrence. Importantly,
these SCLC tumors and cells derived from them were
sensitive to AURKA/B and AURKB-specific inhibitors
alone and in combination with chemotherapy. How might

MYC amplification render SCLCs sensitive to AURKB
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Figure 1 Factors controlling AURKBI sensitivity in SCLC. (A) RB loss reduces SUV420H activity, H4K20 methylation, and cohesin
binding to centromeric DNA that renders cells dependent on AURKB to maintain chromosome stability and survival. (B) WT p53 and
AURKB function in a negative feedback loop. WT p53 activation in AURKBI treated cells causes a tetraploid G1 arrest that protects cells.
AURKB inhibition in p53 mutant or null cells induces mitotic slippage and excessive aneuploidy leading to failed mitoses and cell death.
(C) MYC gene amplification promotes cell proliferation, growth and survival. In T-ALL MYC and AURKB function in positive feedback
that maintains AURKB expression and MYC protein stability. Hypothesis is that AURKB inhibition in SCLC will cause toxic alterations
in mitosis while at the same time inhibiting MYC. (D) AURKB inhibition can induce chromosome missegregations, toxic aneuploidy, and
apoptosis. High BCL2 expression protects cells from AURKBI by blocking apoptosis. AURKB, Aurora kinase B; WT, wild-type; SAC,

spindle assembly checkpoint; AURKBi, AURKB inhibitor; SCLC, small cell lung cancer; T-ALL, T cell acute lymphoblastic leukemia.

inhibition? MYC is an oncogenic transcription factor that
promotes cell proliferation, growth, and survival. MYC-
amplified cells, by virtue of being highly proliferative,
may have a higher mitotic index and therefore be more
sensitive to compounds like AURKB inhibitors that target
mitotic cells. In addition, cells with MYC gene amplification
are likely to depend, at least in part, on MYC protein to
maintain proliferation and survival. Previous studies showed
AURKB and MYC can function in a positive feedback
loop where MYC promotes AURKB gene expression, and
AURKB promotes MYC phosphorylation that stabilizes the
MYC protein (21,22). It is unclear if this positive feedback
loop is present in SCLC. Nonetheless, the findings suggest
AURKSB inhibition could target MYC-amplified cells in two
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ways: first, by inducing toxic chromosome mis-segregations
and aneuploidy through its effect on AURKB in mitosis,
and second by destabilizing and thus reducing the levels and
activity of MYC (Figure 1C).

BCL2 is a predictive marker and target to
enhance AURKB inhibitor sensitivity in SCLC

The results described above suggest the mutation/deletion
status of RB and p53 genes, and/or the amplification status
of MYC, could be used as a marker to identify SCLCs that
would be sensitive to AURKB inhibition. Thus, the recent
study from the Byers lab was particularly interesting (1). In
their study, a large panel of 57 SCLC cell lines were tested
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for AURKB inhibitor sensitivity. The majority of cell lines
were RB mutated/deleted and/or expressed high levels
of MYC. Surprisingly, however, less than half of the cell
lines displayed high or intermediate sensitivity to AURKB
inhibitor, while the majority of cell lines were resistant.
Some cell lines were resistant to AURKB inhibitor despite
being RB-mutated/deleted or MYC-amplified, and some
cell lines were sensitive to AURKB inhibition even in the
absence of RB mutation/deletion or MYC amplification.
The results indicated that RB and MYC status alone are
imperfect predictors of AURKB inhibitor sensitivity. Next,
the authors carried out an elegant proteomic RPPA analysis
comparison between sensitive and resistant cell groups.
This analysis revealed that AURKB inhibitor resistant cell
lines expressed high levels of the anti-apoptotic protein
BCL2. Silencing of BCL2 restored sensitivity in AURKB
inhibitor-resistant cells, and BCL2 overexpression had the
opposite effect, confirming that high BCL2 expression was
the causal mediator of AURKB inhibitor resistance. Lastly,
the authors showed that the BCL2 inhibitor venetoclax
could sensitize BCL2-high expressing SCLC PDX tumors
to AURKB inhibition in mice. Thus, high BCL2 expression
can be a predictive marker of AURKB inhibitor resistance in
SCLC that can be targeted by BCL2 inhibitors (Figure 1D).

Concluding remarks

Past clinical trials with AURKB inhibitors failed or were
halted due to toxicity issues and poor clinical response in
patients. At least three factors are likely to improve AURKB
trials going forward. First is the inclusion of immune
checkpoint inhibitors, which have already shown promise
for improving outcomes in SCLC patients (2). At the time
of this writing, there is at least one active clinical trial
combining AURKB inhibitor with an immune checkpoint
inhibitor in extensive-stage SCLC (NCT04745689). A
second factor that may improve AURKB inhibitor trial
success is improved drug formulations. The best example
here is the AURKB inhibitor AZD2811. Nanoparticle
formulations of AZD2811 have been shown to provide a
slow but extended drug release that reduces toxicity while
maintaining anti-tumor activity (23). A third factor that may
improve AURKB inhibitor trial success is the development
of predictive biomarkers of response. This is an on-going
challenge. Past trials examined expressions of AURKA
and B and also different proliferation and mitotic markers
for their correlation with response and their potential as
predictive markers (24). However, no consistent correlations
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were made and there are currently no established markers to
differentiate responsive and non-responsive tumors. Recent
studies suggested that the mutation/deletion status of RB
and pJ53, and/or the amplification status of MYC, can be
used to identify responsive tumors (7,10,20). The findings
from Byers and colleagues suggest this is not necessarily the
case. Specifically, their findings indicate BCL2 high vs. low
expression can also identify responsive vs. non-responsive
SCLC tumors (1). It is likely that combined analysis of
RB/p53 status, MYC amplification, and BCL2 high vs. low
expression status in tumors would best identify patients
most likely to benefit from AURKB inhibitor treatment.
Combining these analyses with gene expression patterns
may also help stratify SCLC tumors into responsive
and non-responsive groups even further (25). Related to
toxicity, combination treatments that sensitize tumors to
AURKSB inhibition will allow lower treatment doses of
AURKB inhibitor to be given and could therefore reduce
toxicity. Results from the Byers lab study suggest the BCL2
inhibitor venetoclax can sensitize SCLC cells and tumors
to the AURKB inhibitor AZD2811, which is in current
clinical trials. Notably, venetoclax is already Food and
Drug Administration (FDA) approved for AML, suggesting
the potential for rapid clinical translation in SCLC for
venetoclax in combination with AURKB inhibitors like
AZD2811.
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