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ABSTRACT: As a critical mitotic regulator, Aurora kinase A
(AURKA) is aberrantly activated in a wide range of cancers.
Therapeutic targeting of AUKRA is a promising strategy for the
treatment of solid tumors. In this study, we evaluated the
preclinical characteristics of JAB-2485, a small-molecule inhibitor
of AURKA currently in Phase I/IIa clinical trial in the US
(NCT05490472). Biochemical studies demonstrated that JAB-
2485 is potent and highly selective on AURKA, with subnanomolar
IC50 and around 1500-fold selectivity over AURKB or AURKC. In
addition, JAB-2485 exhibited favorable pharmacokinetic properties
featured by low clearance and good bioavailability, strong dose−
response relationship, as well as low risk for hematotoxicity and
off-target liability. As a single agent, JAB-2485 effectively induced G2/M cell cycle arrest and apoptosis and inhibited the
proliferation of small cell lung cancer, triple-negative breast cancer, and neuroblastoma cells. Furthermore, JAB-2485 exhibited
robust in vivo antitumor activity both as monotherapy and in combination with chemotherapies or the bromodomain inhibitor JAB-
8263 in xenograft models of various cancer types. Together, these encouraging preclinical data provide a strong basis for safety and
efficacy evaluations of JAB-2485 in the clinical setting.

■ INTRODUCTION
Aurora kinase A (AURKA), along with another Aurora family
member of serine/threonine kinase in Aurora kinase B
(AURKB), plays essential but distinct roles in the regulation
of mitosis and the maintenance of genetic fidelity.1−4 AURKA
activation is subject to exquisite spatiotemporal control under
physiological conditions but can be rampant during tumori-
genesis.5,6 Originally named BTAK (breast tumor amplified
kinase) due to its overexpression in breast tumor cells, AURKA
has since become a well-recognized oncogene across a wide
range of cancer types.7,8 Indeed, dysregulation of AURKA, either
amplification or overexpression, is prevalent in cancer and
associated with clinical aggressiveness, therapeutic resistance,
and poor prognosis.9−13

Over the last two decades, independent studies have revealed
mechanistic insights into the oncogenic roles of AURKA.5,14,15

Notably, in small cell lung cancer (SCLC), aberrant activation of
AURKA overrides RB1 loss-primed spindle-assembly check-
point (SAC) for mitotic exit and tumor cell survival.16 In breast
cancer, AURKA contributes to endocrine resistance through
down-regulation of ERα expression and induces epithelial-to-
mesenchymal transition to promote distant metastases.17,18 In
MYCN-amplified neuroblastoma (NB) cells, AURKA protects
N-Myc from FBXW7-mediated proteasomal degradation.19

Furthermore, in ARID1A-deficient colorectal cancer (CRC)

and ovarian clear cell carcinoma, tumor cells become addicted to
the AURKA-PLK1-CDC25C signaling cascade for survival and
proliferation.20

Since the disclosure of ZM447439, the first small-molecule
Aurora kinase inhibitor, significant progress has been achieved in
therapeutic targeting of AURKA in cancer, with over a dozen
drug candidates having entered clinical trials and many more
being under preclinical development.5,21 AURKA-selective
inhibitors own potential advantages over pan-Aurora kinase
inhibitors, as the latter phenocopy AURKB inactivation in
polyploidy induction and might jeopardize the therapeutic
effects of AURKA inhibition.22−26 Alisertib (MLN8237,
developed by Millennium Pharmaceuticals and Takeda
Pharmaceutical Co.), the most extensively studied AURKA
inhibitor, has relatively narrow target selectivity on AURKA over
AURKB and a generally manageable safety profile with the most
frequent toxicity being myelosuppression.27−29 Despite some
encouraging early clinical data, in the only phase 3 trial of
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alisertib as a single agent in relapsed and refractory peripheral T
cell lymphoma (R/R-PTCL), it failed to improve the
progression-free survival compared to investigator-selected
single-agent comparators and was unlikely to produce superior
efficacy over currently approved treatment regimens.30 Several
other AURKA-selective inhibitors, including VIC-1911,
WJ05129, and LY3295668, are currently in the early stages of
clinical trials.31−37 Overall, the prominent oncogenic roles of
AURKA, along with limited beneficial outcomes from AURKA-
targeting clinical trials, warrant the development of new AURKA
inhibitors with improved potency, safety, and target selectivity as
well as the refinement of therapeutic indications and the
exploration of drug combination strategies.

We report here the development of JAB-2485, an orally
bioavailable, highly selective, small-molecule AURKA inhibitor.
JAB-2485 exhibited a promising safety profile and favorable
pharmacokinetic properties and efficiently inhibited the growth
of a panel of cancer cells by inducing cell cycle arrest and
apoptosis. In vivo studies on JAB-2485 further demonstrated a
strong exposure-response relationship and its robust antitumor
activities either as a single agent or in various combination
therapies.

■ RESULTS
JAB-2485 Is a Potent, Highly Selective AURKA

Inhibitor. JAB-2485 (Figure 1A) was identified through the
drug discovery platform (DDP) integrating medicinal chem-
istry, biophysical studies, and computational techniques. Briefly,
the techniques of structure-based drug design (SBDD) and
computer aided design and drafting (CADD) were used to
identify the hit compound. The fragment-based drug discovery
(FBDD) approach was then applied for hit-to-lead optimization
to enhance the compound potency and selectivity. Finally, based
on the lead structure, different series of compounds were
designed through medicinal chemistry for evaluation of oral

bioavailability and in vivo efficacy. As a result, JAB-2485 was
selected as the top candidate. Enzymatically, JAB-2485 inhibited
AURKA with an IC50 of 0.327 nM, exhibiting more than 1,500
folds of selectivity over AURKB/AURKC (Figure 1B). In NCI-
H446 SCLC cells, treatment of JAB-2485 for 16 h significantly
decreased the level of AURKA phosphorylation on Thr288, a
marker for AURKA activation,38 in a dose-dependent manner
with an IC50 of 2.08 nM (Figure 1C). By contrast, no inhibition
of phosphorylation of AURKB and AURKC was observed
following drug treatment at concentrations up to 2 μM,
indicating that the two Aurora family members were not
targeted by JAB-2485.

In terms of hematotoxicity, JAB-2485 significantly differed
from alisertib in the inhibition of colony formation of
granulocyte-macrophage progenitors, as reflected by compound
IC90 values (0.618 μM for JAB-2485; 0.252 μM for alisertib),
indicating that JAB-2485 is less likely to induce myelosuppres-
sion (Figure 1D). In addition, JAB-2485 did not induce a
significant off-target effect on the 41 common adverse drug
reaction molecules (Table S1). Overall, JAB-2485 exhibits
favorable physiochemical properties and safety profiles and
targets AURKA with great potency and selectivity.
JAB-2485 Inhibits Cancer Cell Viability by Inducing

Cell Cycle Arrest and Apoptosis. At the cellular level, JAB-
2485 inhibited the viability of a broad panel of human cancer cell
lines. Among the 33 cancer cell lines tested, the potency of JAB-
2485 varied, with IC50 values ranging from 8.1 nM to greater
than 1 μM. Overall, 20 out of 33 (61%) cell lines were sensitive
to JAB-2485, as artificially defined by IC50 less than 0.1 μM.
Among all the lung cancer cell lines tested, the percentage of
sensitive cell lines was higher in the RB1 mutant (4 out of 6;
67%) versus the RB1-WT group (2 out of 5; 40%), and in the
MYC/MYCN-amplified (5 out of 7; 71%) versus the non-
amplified group (1 out of 4; 25%) (Table 1). Additionally, all
four (100%) NB cell lines were highly sensitive to JAB-2485 with

Figure 1. JAB-2485 is a potent, highly selective AURKA inhibitor. (A) Chemical structure of JAB-2485. (B) In vitro kinase assay was performed to
determine the IC50s of JAB-2485 on Aurora kinase family members. (C) Western blot was performed to examine the phosphorylation of Aurora kinase
family members in NCI-H446 cells upon treatment with JAB-2485 at different concentrations. (D) CFU-GM assay was performed to evaluate
potential myelosuppression. IC90s of JAB-2485, LY3295668, and alisertib on the colony formation of granulocytes and macrophages were determined.
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an average IC50 of 17.3 nM; and 6 out of 8 (75%) triple-negative
breast cancer (TNBC) cell lines (all withMYC amplification), 2
out of 5 (40%) ovarian cancer cell lines, and 2 out of 5 (40%)
colon cancer cell lines were categorized as drug sensitive (Table
S2). The average IC50 values were 50.4 and 68.0 nM,
respectively, for the sensitive breast and lung cancer cell lines.
Collectively, we demonstrated the in vitro potency and efficacy
of JAB-2485, particularly in NB, TNBC, and RB1-null and/or
MYC/MYCN-amplified lung cancer cells.

As AURKA plays an indispensable role in mitotic progression,
its inhibition by JAB-2485 is expected to induce cell cycle arrest.
Indeed, in NCI-H446 cells, treatment of JAB-2485 for 24 h
significantly increased the G2/M phase DNA content in a dose-
dependent manner, indicative of cell stagnation (Figure 2A).
Furthermore, we found a dose-dependent significant increase of
Caspase 3/7 activity in NCI-H446 cells with treatment of JAB-
2485 at concentrations as low as 0.12 μM compared to the
control group, indicating that JAB-2485 can efficiently induce
apoptosis of cancer cells (Figure 2B).
JAB-2485 Exhibits Favorable PK Properties and

Strong PK/PD Relationship. JAB-2485 was rapidly absorbed
after oral administration withTmax of 1.17 and 0.417 h in rats and
dogs, respectively. In addition, JAB-2485 showed low clearance,
with clearance rates of 0.729 and 3.96 mL/min in rats and dogs,
respectively. The Vss was determined as 0.278 and 0.559 L/kg,
and bioavailability as 81.1 and 78.8% in rats and dogs,
respectively (Table 2). Overall, JAB-2485 had favorable
pharmacokinetic profiles.

The NCI-H446 xenograft model was used to study the
relationship between the biological activity of JAB-2485 and its
exposure. Phosphorylation of AURKA on Thr288 and
phosphorylation of histone H3 on Ser10 in tumor tissues,
indicative of AURKA activity and mitotic arrest, respectively,
were evaluated as potential PD markers.38,39 Corresponding
concentrations of JAB-2485 in both plasma and tumor tissues
were measured by LC−MS/MS for correlation analyses. Upon
single oral administration of JAB-2485 at 10 mg/kg, AURKA
phosphorylation was decreased in a time-dependent manner,
with around 80% of inhibition reached within the first hour and
maintained for up to 12 h (Figure 3A). Under the same
treatment conditions, histone H3 phosphorylation was
increased starting within the first hour and peaked 12 h after
administration (Figure 3B). JAB-2485 showed a rapid
absorption and clearance rate, as the concentration reached a
peak in plasma (14700 ng/mL) within 0.25 h and decreased to
near baseline after 24 h. In tumor tissues, the concentration
peaked at 1507 ng/g within 1 h and fell below 100 ng/g after 12
h (Figure 3A,B). To determine whether AURKA signaling
inhibition was dose-dependent, JAB-2485 was orally adminis-
tered as a single dose of 2.5, 5, 10, and 20 mg/kg. Indeed,
AURKA phosphorylation decreased within 1 h by 50.1, 73.0,
89.4, and 92.5%, respectively, along with a dose-dependent
increase of drug exposure in plasma and tissue (Figure 3C).
Conclusively, JAB-2485 produced potent and prolonged
AURKA signaling inhibition and mitotic arrest in vivo in a
dose-dependent manner.
JAB-2485 Suppresses Tumor Growth as a Monother-

apy. Based on the prominent in vitro efficacy of JAB-2485, we

Table 1. IC50s of JAB-2485 on Lung Cancer Cell Lines with
RB1 Mutations or MYC Amplification

cell line cancer type RB1 MYC IC50 (nM)

NCI-H69 SCLC nonsense MYCN amp 29.7
NCI-H2171 SCLC nonsense MYC amp 46.1
NCI-H446 SCLC splice site MYC amp 51.8
NCI-H1975 NSCLC WT MYC amp 54.4
NCI-H526 SCLC nonsense MYCN amp 55.6
Calu-6 NSCLC WT WT 64.9
SW1271 SCLC WT WT 225
NCI-H82 SCLC splice site MYC amp 249
NCI-H1650 NSCLC WT WT 365
NCI-H209 SCLC missense WT 406
DMS53 SCLC splice site MYC amp 982

Figure 2. JAB-2485 inhibits cancer cell viability by inducing cell arrest and apoptosis. (A) NCI-H446 cells were treated with JAB-2485 at different
concentrations for 24 h. Flow cytometry was performed to determine the percentage of cell populations at different stages of the cell cycle. (B) NCI-
H446 cells were treated with JAB-2485 at different concentrations for 24 or 48 h. Caspase 3/7 activities were determined as measures of luminous
intensities.

Table 2. Pharmacokinetics of JAB-2485 at a Single Dose in
Different Speciesa

rat dog

dose (mg/kg) 0.5 0.5 1 1
rte. of admin. IVb POc IVb POc

CL (mL/min/kg) 0.729 3.96
Vss (L/kg) 0.278 0.559
Tmax (h) 1.17 0.417
T1/2 (h) 5.1 4.36 3.56 4.8
F% 81.1 78.8

aIV: intravenous injection; PO: oral administration. b10% DMSO,
20% PEG400, 70% Saline. c0.5% CMC-Na in water.
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used SCLC and NB xenograft models to evaluate the in vivo
antitumor activity of JAB-2485 monotherapy as well as its dosing
regimen. In the NCI-H446 xenograft model, treatment with
JAB-2485 at 10 and 20 mg/kg QD led to 78 and 97% tumor

growth inhibition (TGI), respectively (p < 0.001, compared to
vehicle control), which were superior to the TGI of 63% by
LY3295668, another AURKA-selective inhibitor, at 20 mg/kg
QD (Figure 4A). No significant toxicity or body weight loss was

Figure 3. JAB-2485 exhibits a strong PK/PD relationship in the NCI-H446 xenograft model. (A and B) JAB-2485 was orally administered at 10 mg/kg,
and the time course of JAB-2485 concentrations in plasma and tumor tissues as well as AURKA phosphorylation (A) and histone H3 phosphorylation
(B) in tumor tissues (both as a percentage of the vehicle control) was determined. Three mice per time point. (C) JAB-2485 was orally administered at
indicated doses, and the concentrations of JAB-2485 in plasma and tumor tissues, as well as the phosphorylation of AURKA in tumor tissues (as a
percentage of the vehicle control), at 1 h after administration were determined. Three mice per dose.

Figure 4. JAB-2485 suppresses tumor growth as a monotherapy. In NCI-H446, NCI-H69, and IMR-32 xenografts, JAB-2485 or LY3295668 was orally
administered at indicated doses, and tumor volumes (A−E) and body weights (B−F) were measured. Nine mice per treatment group.
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observed during the treatment period for all groups, indicating
that JAB-2485 was generally well-tolerated (Figure 4B). In the
NCI-H69 SCLC xenograft model, treatment with JAB-2485 at
2.5, 5, 10, and 20 mg/kg QD significantly inhibited tumor
growth in a dose-dependent manner with TGIs of 60, 79, 89, and
99%, respectively (p < 0.001, compared to vehicle control). In
comparison, TGI of 79% was achieved by treatment with
LY3295668 at 20 mg/kg QD (Figure 4C). Consistently, there
was an insignificant body weight change in all treatment groups,
indicating good tolerability of JAB-2485 (Figure 4D).
Furthermore, in the IMR-32 NB xenograft model, TGIs of 73,
90, and 102% were achieved for the 2.5, 5, and 10 mg/kg QD
groups (p = 0.008, 0.002, and 0.001, respectively, compared to
vehicle control) without significant body weight loss observed
(Figure 4E,F). Treatment of LY3295668 at 20 mg/kg QD led to
TGI comparable to that of the JAB-2485 10 mg/kg QD group.
In addition, the AUC0−24h of JAB-2485 plasma exposure in the
three treatment groups were 5,703, 12,044, and 22,748 ng h/
mL, respectively, corresponding to the dose increase (Table S3).
Overall, in the xenograft models tested, JAB-2485 exhibited
strong antitumor activity and good tolerability as a single agent.
JAB-2485 Is a Promising Drug Candidate in Combi-

nation Therapies. In previous studies, AURKA inhibitors have
been demonstrated to enhance the efficacy and/or overcome the
resistance of diverse chemotherapies and targeted therapies.40

Considering the promising early efficacy and safety data, we
further explored the application of JAB-2485 through the
rational design of combination strategies targeting different
indications. As AURKA inhibitors induce microtubule destabi-
lization during mitosis, they may synergize with cell cycle
inhibitors in targeting tumor cells. While JAB-2485 exhibited

strong antitumor activities as a single agent in SCLC xenografts,
we investigated whether its combination with microtubule
inhibitors or other categories of cell cycle inhibitors could
further enhance the efficacy. Indeed, in the NCI-H446 xenograft
model, combined treatment with JAB-2485 at 10 mg/kg QD and
paclitaxel at 12.5 mg/kg on Day 16 and 8 mg/kg on Day 24 led
to impressive 107% TGI (p < 0.001), superior to both single
drugs at the same dosage (JAB-2485 with 61% TGI, p = 0.001;
paclitaxel with 34% TGI, p = 0.054) (Figure 5A). In the NCI-
H69 xenograft model, TGIs of 79, 66, and 103% (all p < 0.001)
were achieved by treatment with JAB-2485 at 5 mg/kg QD,
cisplatin at 3 mg/kg QW × 2, and the two-drug combination
with same dosage, respectively (Figure 5B). In the same model,
TGIs of 69, 64, and 101% (all p < 0.001) were achieved by
treatment with JAB-2485 at 2.5 mg/kg QD, lurbinectedin at 0.15
mg/kg QW × 2, and the two-drug combination with same
dosage, respectively (Figure 5C).

In addition to SCLC, the in vivo efficacy of JAB-2485 was
evaluated in TNBC models. In the MDA-MB-231 xenograft
model, JAB-2485 at 10 mg/kg QD, paclitaxel at 10 mg/kg Q4D
× 6, and the two-drug combination with same dosage led to
TGIs of 37% (p = 0.075), 66% (p = 0.004), and 94% (p <
0.0001), respectively (Figure 5D). Consistently, in the BR1282
TNBC PDX model, JAB-2485 at 10 mg/kg QD, docetaxel at 8
mg/kg QW × 2, and the two-drug combination with same
dosage led to TGIs of 20, 63, and 95%, respectively (Figure 5E).
These results indicated that JAB-2485 in combination with
taxanes significantly enhanced the antitumor activity of either
single agent in TNBC xenografts.

Furthermore, recent studies have demonstrated the synthetic
lethality between AURKA inhibition and ARID1A loss.20 As

Figure 5. JAB-2485 enhances antitumor activities in combination therapies. The antitumor activities of JAB-2485 in combination with paclitaxel in the
NCI-H446 lung cancer xenograft (A); with cisplatin in the NCI-H69 lung cancer xenograft (B); with lurbinectedin in the NCI-H69 lung cancer
xenograft (C); with paclitaxel in the MDA-MB-231 breast cancer xenograft (D); with docetaxel in the BR1282 breast cancer xenograft (E); and with
JAB-8263 in the SK-OV-3 ovarian cancer xenograft (F) were evaluated. Tumor volumes were measured with 9 mice per treatment group (A−D and F)
or 3 mice per treatment group (E).
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ARID1A negatively regulates the transcription of AURKA, its
deficiency can lead to aberrant upregulation of AURKA and
downstream CDC25C signaling for uncontrolled mitosis,
rendering tumor cells addictive to AURKA activation.
Intriguingly, ARID1A loss also elicits dissociation of histone
deacetylase 1 and resultant increase of histone H4 lysine
acetylation at the gene enhancer, facilitating the binding of BET
protein BRD4 for transcriptional activation of oncogenes.41−44

In this regard, coinhibition of AURKA and BRD4 represents a
tentative strategy targeting ARID1A-deficient tumor. In an
ARID1A-deficient SK-OV-3 ovarian cancer xenograft model,
treatment of JAB-2485 at 5 mg/kg QD and JAB-8263, a potent
BET protein inhibitor developed by us,45,46 at 0.1 mg/kg QOD
led to TGIs of 37 and 40%, respectively. A significantly increased
TGI of 91% was achieved when the mice were treated with both
drugs at the same dosage (Figure 5F). For all the above-
mentioned xenograft models, no significant change in body
weight was observed throughout the treatment period (Figure
S1). In summary, JAB-2485 has shown great potential in
synergizing with diverse cancer therapeutics in vivo.

■ DISCUSSION
In the current study, we demonstrated several unique character-
istics of JAB-2485, which together may distinguish it from other
AURKA inhibitors under development. First, JAB-2485 exhibits
around 1,500-fold selectivity on AURKA versus AURKB in the
enzymatic assay and over 2000-fold preferential AURKA-
targeting in the cell-based assay, rendering it by far one of the
most selective AURKA inhibitors reported. Furthermore, JAB-
2485 is very potent, with IC50 in the subnanomolar range based
on the in vitro kinase assay of AURKA. With its high selectivity
and potency on AURKA, JAB-2485 can not only induce
profound and sustained mitotic arrest but also circumvent
potential DNA endoreduplication and subsequent polyploidy, a
common phenotype produced by pan-Aurora inhibitors due to
targeting of AURKB, particularly at high plasma concentra-
tions.22−26 In this regard, JAB-2485 seems less likely to induce
chromosome instability and drug resistance, which can be
attributed to polyploidy.

Second, JAB-2485 exhibits a favorable safety profile based on
GLP safety pharmacology studies. For the cardiovascular
system, the in vitro IC50 value for the inhibitory effect of JAB-
2485 on hERG potassium current was 26.7 μM using the manual
patch-clamp technique. Consistently, no drug-induced prolon-
gation of the QT interval on the electrocardiogram was observed
in conscious Beagle dogs. Other electrocardiogram parameters,
heart rate, and blood pressure were within the normal range
following JAB-2485 administration. Meanwhile, key parameters
of the respiratory system, such as respiratory rate, tidal volume,
and minute volume as well as central nervous system-related
behavioral functions, were assessed, with no adverse events of
these systems identified following JAB-2485 treatment. In
addition, at concentrations active against tumor cells, JAB-2485
elicited minimal toxicity to bone marrow cells and therefore is
much less likely to induce clinical myelosuppression, which is by
contrast the most common side effect reported on alisertib.27−29

The high selectivity of JAB-2485 may in part contribute to its
favorable safety profile compared to those of more promiscuous
Aurora inhibitors.

Third, our studies on PK/PD relationships using the NCI-
H446 xenograft model demonstrated that the concentration of
JAB-2485 rapidly reached the peak in both plasma and tumor
tissues following single oral administration. While the drug

concentration was low at 12 h after treatment, it induced strong
and prolonged AURKA signaling inhibition and cell cycle arrest,
as evidenced, respectively, by a decrease of AURKA
phosphorylation and an increase of histone H3 phosphorylation
in a dose-dependent manner. These findings support the
exploration and validation of the above-mentioned PD markers
in the clinical settings and provide guidance on the dosing
regimen.

Finally, our studies highlighted the therapeutic potential of
JAB-2485 in various indications. Amplifications of the MYC
oncogene family members are common driver events in SCLC,
TNBC, and NB.47−49 While the first MYC inhibitor, OMO-103,
has recently entered clinical trial,50 the drug’s mechanism of
action as well as its on-target engagement remains controversial.
At present, direct inhibition of MYC remains a challenge due to
its complex protein structure. Targeting AURKA to induce
SCFFBXW7-mediated MYC proteolysis represents a promising
strategy to address the unmet clinical need.19 Furthermore,
functional loss of RB1 is a hallmark of cancer and prevalent in
SCLC.51,52 Previous studies showed that loss of RB1 and TP53
contributes to aggressive phenotypes of MYC-driven SCLC, and
tumor cells rely on aberrantly activated AURKA to override RB1
loss-induced SAC for survival.16,47 In line with previous studies,
we demonstrated superior antitumor efficacy of JAB-2485 in
RB1-deficient and/or MYC family member-amplified tumor
models with overall good tolerability. Notably, compared to
LY3295668, which also exhibits minimal myelosuppression,
JAB-2485 was more potent in the xenograft models tested. It
remains to be seen whether these promising features can be
translated into clinical outcomes, as a Phase I/IIa clinical trial
evaluating JAB-2485 as a monotherapy in adult patients with
advanced solid tumors is ongoing in the US (NCT05490472).53

In the evaluation of combination therapies, JAB-2485
dramatically enhanced the efficacy of chemotherapeutic drugs
in diverse xenograft models. Notably, JAB-2485 in combination
with lurbinectedin induced tumor regression compared to 64%
of TGI by lurbinectedin alone in the SCLC NCI-H69 xenograft
model. Lurbinectedin as a second-line treatment for patients
with SCLC has achieved an overall response rate of 35.2% in a
single-arm, open-label, phase 2 basket trial.54 Our study
indicated the JAB-2485-lurbinectedin combination as a
potential new treatment strategy, especially for those with
limited options in the event of a relapse. Furthermore, in a
randomized Phase II trial, alisertib combined with paclitaxel
improved progression-free survival of patients with relapsed or
refractory SCLC compared to treatment of paclitaxel alone.55

We envision a forthcoming clinical trial of JAB-2485 in
combination with chemotherapeutic drugs firmly supported by
our preclinical data. Finally, JAB-2485 potentially synergized
with JAB-8263, a clinical stage BET protein inhibitor,45,46 in an
ARID1A-deficient ovarian cancer xenograft model. The results
were in line with several recent studies showing the promise of
AURKA/BET coinhibition in different indications. Notably, the
AURKA/BET inhibitor duo was identified as one of the most
potent drug combinations targeting glioblastoma in a high-
throughput screening, which was further validated in spheroid
models and syngeneic orthotopic mouse models.56 In addition,
alisertib in combination with the BET inhibitor JQ1 showed
profound efficacy in MYCN-amplified, TP53-wild-type NB
mouse models.57 Furthermore, BET inhibitors were demon-
strated to block the growth of TNBC through suppression of
Aurora kinases.58 Our results along with these findings have
provided the basis for potential testing of JAB-2485 in
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combination with JAB-8263 in the clinical setting. Further
exploration of combination strategies is warranted, particularly
with rationalized chemotherapies and targeted therapies on
pertinent indications refined by robust biomarkers. Overall, we
established JAB-2485 as a welcome addition to the treatment
options for cancer patients.

■ MATERIALS AND METHODS
Cell Lines, Culture Media, and Antibodies. SCLC cell

lines NCI-H69, NCI-H2171, NCI-H446, NCI-H525, NCI-
H82, NCI-H209, SW1271, and DM553, non-small cell lung
cancer (NSCLC) cell lines NCI-H1975, NCI-H1650, and Calu-
6, TNBC cell lines Hs578T, BT20, BT549, HCC1806,
HCC1143, HCC1395, HCC70, and DU4475, epithelial ovarian
cancer (EOC) cell lines CoC1, A2780, EFO-27, SK-OV-3, and
SW756, NB cell lines SH-SY5Y, IMR-32, Daoy, and SK-N-SH,
CRC cell lines Km12L4, SW48, SW948, SNU-81, and HCT-15
were purchased from The American Type Culture Collection
(ATCC, Manassas, VA, United States) and cultured using
ATCC-recommended media. Antibody against phospho-Aurora
A (Thr288)/Aurora B (Thr232)/Aurora C (Thr198) was
purchased from Cell Signaling Technology (Danvers, MA,
Catalog #2914).
Test Compounds. JAB-2485, JAB-8263, and LY3295668

were synthesized by Jacobio Pharmaceuticals; alisertib was
purchased from MedChemExpress (Monmouth Junction, NJ,
United States); and paclitaxel, docetaxel, cisplatin, and
lurbinectedin were purchased from Beijing Ouhe Technology
Co. Ltd. (Beijing, China).
Enzymatic Assays. The Aurora family kinase assay was

performed by Pharmaron Beijing Co., Ltd. (Beijing, China).
JAB-2485 was incubated at concentrations of 0.00382−1000
nM in reaction buffer containing AURKA, AURKB, and
AURKC for 30 min before assay termination. The assay plates
were subjected to the EZ reader and subsequent analyses. The
percentage of remaining enzyme activity was calculated using
the conversion ratio (CR) following the equation: % Remaining
Activity = 100% − 100% × (CRHC − CRSample)/(CRHC −
CRLC). CRHC: DMSO; CRSample: sample data; CRLC: no
enzyme. XLFit (eq 201) was used to calculate IC50: y = A +
(B − A)/(1+(x/C) ^D)). A: Bottom; B: Top; C: IC50; D: Hill
slope.
Immunoblotting. NCI-H446 cells were pretreated with

nocodazole (100 ng/mL) for 3 h before incubation of JAB-2485
at indicated concentrations for 2 h. Total protein was extracted
from cells using RIPA buffer added with Halt Protease Inhibitor
Cocktail, resolved by SDS-PAGE under reducing conditions,
and transferred onto PVDF membranes. The expression of
phosphorylated AURKA/AURKB/AURKC was detected by
Amersham Imager 600, and the intensity of bands was analyzed
by the GE Gel Analysis System (Chicago, IL, United States).
The absolute IC50 on AURKA phosphorylation was calculated
based on the intensity of bands and according to the dose−
response curve generated by GraphPad Prism 8.0 (GraphPad
Software, Boston, MA, United States).
Colony-FormingUnit-Granulocyte-Macrophage (CFU-

GM) Assay. The CFU-GM assay was performed by
STEMCELL Technologies (Cambridge, MA, United States).
In brief, frozen human bone marrow mononuclear cells were
added to aliquots of MethoCult GF H84534 containing a test or
controlled compound and mixed well. The cells were then plated
into 3 replicate wells of a 6-well SmartDish and cultured at 37 °C
and 5% CO2 for 13−15 days. The total number of CFU-GM

colonies was evaluated by trained personnel and enumerated
based on morphology. The resulting colony numbers from test
and control compound-treated cultures were compared to
solvent control cultures to determine percent of control growth,
and dose response curves were generated and IC90 values were
derived.
Cell Proliferation Assay. The study was performed by

Crown Bioscience (Beijing, China). Briefly, tumor cells were
plated in 96-well flat clear bottom black polystyrene TC-treated
microplates (Corning) with a final cell density of 4 × 103 cells/
well and allowed to attach overnight. Drugs at various
concentrations were dispensed in each well. Five days after
treatment, cell viability was measured by the CellTiter-Glo
Luminescent Cell Viability Assay (Promega) using EnVision
Multi Label Reader 2104-0010A (PerkinElmer).
Flow Cytometry. NCI-H446 cells were seeded in 6-well

plates at a density of 4 × 105 cells/well and pretreated with JAB-
2485 at the indicated concentrations for 24 h. Cells were then
harvested and fixed using FxCycle PI/RNase Staining Solution
(Invitrogen, Catalog #F10797). The cell cycle was measured
using a MACSOuant Analyzer (Miltenyi Biotec, Gaithersburg,
MD, United States). Cell cycle analysis was performed based on
the distribution of DNA content using Flow Jo software
(Ashland, OR, United States).
Caspase 3/7 Assay. NCI-H446 cells were cultured

overnight in a 96-well plate (1 × 104 cells/well) before
treatment with JAB-2485 at the indicated concentrations for
24 and 48 h. Caspase 3/7 reagents were added to each well and
incubated at room temperature for 1 h. The luminescence was
measured by a Spark multimode microplate reader (Tecan,
Man̈nedorf, Switzerland).

In Vivo PK and PK/PD Analyses. For the PK study, blood
samples were obtained at 0, 0.033, 0.083, 0.25, 0.5, 1, 2, 4, 6, 8,
12, and 24 h after dosing with JAB-2485 from 3 animals/sex/
time point in SD rat and beagle dog. Plasma samples were
prepared and analyzed for JAB-2485 concentrations by LC−
MS/MS. All PK parameters were calculated using noncompart-
ment models of WinNonlin 6.3 or above (Pharsight, Mountain
View, CA, United States).

For the time-dependent PK/PD study, each female BALB/c
nude mouse bearing NCI-H446 tumors was administrated orally
with a single dose of JAB-2485 at 10 mg/kg. The groups of mice
were sacrificed, and then blood and tumor tissues were collected
for PK and PD analysis at the indicated time points. For the
dose-dependent PK/PD study, each female BALB/c nude
mouse bearing NCI-H446 tumors was administrated orally with
a single dose of JAB-2485 at 2.5, 5, 10, and 20 mg/kg, and plasma
and tumor samples were collected for PK and PD analysis at 1 h
after drug administration. Tumor tissue was analyzed by
Western blot to determine phospho-AURKA (p-Aur A) and
phospho-Histone H3 (p-HisH3) levels, and the plasma/tumor
drug concentration of JAB-2485 was quantified using the LC−
MS/MS method. PK/PD correlation was established by
comparing p-Aur A and p-HisH3 levels with drug concentration
at each time point.

In Vivo Efficacy Studies.The protocol, procedures, and any
amendments involved in the care and use of animals in the
BR1282 TNBC PDX model study were reviewed and approved
by the Institutional Animal Care and Use Committee (IACUC)
of Crown Bioscience (Beijing, China). All other animal
experiments were conducted under procedures approved by
the IACUC at Jacobio Pharmaceuticals.
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Mice were maintained at a maximum of 5 mice per cage with
12 light/dark cycles. Each mouse was inoculated subcutaneously
in the right flank region with tumor cells for tumor development.
Mice were monitored daily, and caliper measurements were
performed once the tumors became visible. Tumor volume was
calculated by measuring two perpendicular diameters using the
formula: (L × W 2)/2 in which L and W refer to tumor length
and width, respectively. When the average tumor volume
reached 100−200 mm3, mice were grouped randomly and
treated with compounds. Tumor volume and body weight were
measured twice a week during treatment. TGI rates were
calculated as follows: TGI% = (1 − (Vt − Vt0)/(Vc − Vc0))
*100%, wherein Vc and Vt are the mean tumor volumes of
control and treated groups at the end of the experiments,
respectively; and Vc0 and Vt0 are the mean tumor volumes of
control and treated groups at the start of the experiments,
respectively.
Statistical Analyses. Statistical summaries included the

mean and the standard error of the mean (SEM). Statistical
analysis of difference in tumor volume or tumor weight among
the groups was performed using one-way ANOVA, followed by
individual comparisons using the LSD test (equal variance
assumed) or the Games-Howell posthoc test (equal variance not
assumed). All data was analyzed using SPSS 22.0 software. P <
0.05 was defined as statistically significant. *, P < 0.05; **, P <
0.01; and ***, P < 0.001.
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